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I. THE DRYING OF SOLIDS 


Drying commonly refers to the removal of a liquid from a solid, the liquid 
most frequently being water. The removal of water from a solid in solution 
is termed evaporation, but there is no sharp distinction between evapora- 
tion and drying in crystallization processes. Ordinarily, drying refers to 
the removal of water from a solid when the water is presented in relatively 
small amount. 

Drying may be accomplished by various means, such as pressing, centrifug- 
ing, absorption, or vaporization of the water content, The paper machine 
combines pressing, absorption, and vaporization by the use of the press rolls, 
the felt, and the cylinders, or can dryers. In most cases vaporization of the 
water is the most expensive method of drying, and therefore as much water 
ав possible is removed by pressing, centrifuging, or other mechanical methods 
before drying by vaporization is employed. For example, in the utilization 
of waste wood bark as fuel, the material is first pressed as dry as possible 
before entering the dryer prope: 

Because of the relatively great importance in practice of air drying, 
vaporization of the water into air or other carrier gas, the discussion which 
follows will be limited to this method of the drying of solids. 


THE MECHANISM OF DRYING OF SOLIDS! 


In the initial stages of the drying of a very wet solid under constant drying 
conditions, the surface is completely wet with water and the drying process 
is similar to the evaporation of water from a free liquid surface. As long 
as the surface is wholly wet the rate of evaporation is not a function of the 
water content of the solid, and, under constant drying conditions, the rate 
of drying continues constant. This stage is termed the-constant rate 
period. However, at some definite water content the rate of drying begi 
to decrease, and the range from there to dryness is called the falling rate 
period. The water content of the solid at the end of the constant rate 
period and the beginning of the falling rate period is termed the critical 
water content. When dried for a very long time, the water content of the 
solid approaches an ultimate value which depends primarily on the relative 
humidity of the air and is termed the equilibrium water content, 


The Constant Rate Period 

During the constant rate period, the evaporation takes place at the surface 
of the wet solid, the rate of drying being limited by the rate of diffusion of 
water vapor through the surface air film out into the main body of the 
The solid assumes а constant equilibrium temperature, just as а free liquid. 
surface assumes the wet-bulb temperature of the air. When the heat neces- 

! Lewis, Ind. Eng. Chem., 18, 427 (1921). Sherwood, Ind. Eng. Chem., 21, 12 (1929); 
21, 976 (1929); 28, 132 (1930); 24, 307, (1932). 
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E for .Vaporization is supplied only by conduction through the same 
wet-bulb iem. through which the vapor diffuses, the surface assumes the 
such as py uberature of the air. Where heat is supplied in other ways, 
solid, the, P"diation, or by conduction from adjoining dry surfaces of the 
and the gj ace temperature is higher than the wet-bulb temperature, 
tes eae of drying is increased. Ап initial adjustment period is some- 
the equilij eo ane during which the wet material is warmed or cooled to 

ваш иша temperature which is to prevail in the constant rate period. 
a Hest Conduction through Dry Surfaces. Heat flow from air or from 

liq вођа to adjoining dry surfaces and thence by conduction through the 
tan to the wet surfaces may frequently be an unsuspected but very impor- 

ant factor affecting the rate of drying, particularly in the constant rate 

пой, In the case of a block or slab of material, for example, onc or more 
прев of which are covered or otherwise waterproofed, the heat inflow through 
innse edges increases the temperature of evaporation of the water and so 
increases the rate of drying. 

Thus in the case of a small slab of whiting paste having covered edges and 
jı io of dry edge to wetted face area of 1.6, the rate of drying in the constant 
паге period was found to be 70 per cent greater than that for a thin slab of the 
same material where the edge area was negligible [Sherwood, Ind. Eng. 
Chem, 21, 976 (1929)]. 

Radiation from Surroundings. Radiant heat from surroundings 

j mer than the wet-bulb temperature of the air has a similar effect in increas- 
mE Me solid temperature and consequently increasing the rate of drying. 
Radiation is important in practical drying problems because, in n hented 
dryer, material subject to radiation from steam coils or from other heating 
mediums is found to dry appreciably faster than where surrounded by other 
Wet material. Furthermore, radiant heat may be used to increase the rato 
of drying and consequently to improve the capacity of a given dryer. 

he rate of drying as pounds per hour, from a wet surface of A sq. ft., may 
be expressed approximately by the equation 

dv = ка, — Ha) 

dé 

Ho is the absolute humidity of the air, H, is the saturated humidity 
ut the temperature of the surface of the solid (both expressed ва pounds of 
Water рег pound of bone-dry air), and К isa constant. By utilizing the reln- 
tion he/K = а [Lewis, Trans. A.5.M.E., 44, 325 (1922); although this relation 
19 now known to have no theoretical basis,’ it is found experimentally to hold 
reasonably well for water vapor in air] and making a heat balance, one obtains 


whey 


pe 
„+ 


(те — ту (2) 


where r, = latent heat of vaporization, B.t.u. per lb., at the surface tempera- 
ture, 
8 = the humid heat of the wet air, B,tu./(^F.) (Ib. dry air) = 
Cs + CuHa. 
Where C, = specific heat of dry air. 
Cw = specific heat of water vapor. 
То = temperature of air, °F. abs. 
T, = temperature solid surface, °F. abs. 


? Mech. Eng., 85, 567 (1938). 
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temperature of surroundings, °F. abs. 
black-body coefficient of the solid surface (see pp. 1002 to 1029)- 
radiation constant = 1.72 X 107%, 

he = surface coefficient of heat flow, B.t-u./(hr.) (sq. ft.) (?F.). 

Since the rate of drying is proportional to the product he(H, — На), the 
above equation, combined with the relation between Н, and T, as given БУ 
the humidity chart (see below), may be used to predict the relative drying 
rates when the material is subject to various radiation effects; 


radiation on the rate of drying of a thin sheet of 
wet material in air at 104°F., having a humidity Ma of 0.017. In the absence of rad 
tion, the sheet will assume the wet-bulb temperature of 80.6°F. Now assume that the 
wet material is surrounded by a radiant heater the surface of which is at 374°F. (88451. 
abs.) and let р = 0.9 and he = 4.4. B.t.u./(hr.) (ва, ft.) (°F.), “The latent heat r, will 
be in the vicinity of 1060 B.t.u. per lb. The above equation may then be written: 


Example 1. Consider the effect 


1060 0.0 X 1.72 X 10 
Н, — 0,017) = (564 — T) + 
0246 ' б 4. 


(8341 TY 


which may be solved by referring to the saturation ourve on the humidity chart for the 
relation between Т, and Hy, The solution is М, = 0,048, and Т, = 564; ie., the sheet 
temperature bas been increased to that of the air, The rate of drying haa been increased 
to (0,048 — 0.017)/(0.022 — 0.017) = 6.2 times the former rate when the sheet received 
no heat by radiation 


Air Velocity. Since the rate of drying during the constant rate period is 
controlled by the rate at which vapor can diffuse through the surface ait 
film, factors which affect the, thickness of that film influence the rate of 
drying in this period. Perhaps the most important of such factors is the 
velocity of the nir past the surface; the air velocity has а similar influence 
on the rato of drying as it has on the surface coefficient of heat flow from воћа 
to gas in air heaters and in similar equipment. 

Data pertaining to the rate of vaporization of water from flat, surfaces are 
given by Hinebley and Himus (Trans. Inst. Chem, Engra, (London) 2, 57 (1924); 
Chemistry and Industry, 48, 840 (1924)], Carrier (Ind. Eng. Chem., 13, 432 
(1921)], Lurie and Michailoft (Ind. Eng. Chem., 28, 345 (1036)], and Shepherd, 
Hadlock, und Brewer, (Ind. Eng. Chem., 30, 388 (1938)). These results may 
be represented approximately by the equation 


G = 0.021(up)t* (3) 


for flow of air parallel to the water surface. Here G represents the rate of 
vaporization as pounds per hour per square foot per millimeter Hg difference 
between the vapor pressure of water at the surface temperature and the 
partial pressure of water vapor in the air; p is the air density as pounds per 
cubic foot; and м is the air velocity past the wet surface as feet per second. 
"This relation holds approximately for air rates between 3 and 20 ft. per seo- 
flowing parallel to the wet surface. When the surface is at the wet-bulb 
temperature, the driving force in millimeters Ни is almost exactly one-half 
the wet-bulb depression in degrees centigrade. 

Data on vaporization with air fow normal to the surface are given by 
Carrier [Ind. Eng. Chem., 13, 432 (1921)] and by Molstad, Farevaag, and 
Farrell Ind. Eng. Chem., 30, 1131 (1938)] 

For data on vaporization of water from wet surfaces of various shapes, see 
the recent data of Powell, Inst. Chem. Engrs. (London), March 8, 1940. 

Effect of Humidity. For practical purposes, the rate of drying may be 
assumed to be proportional to either the humidity difference Н, — Ho, 
ав defined above, ог the partial-pressure difference p. — pe, although these 
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тыкшы are not exactly proportional (p, is the vapor pressure of the 
vapor in the Surface temperature, and pa is the partial pressure of water 
Tate of dey its the vapor pressure of water at the dewpoint). Thus the 
When да УЗЕ їп the constant rate period may be accurately controlled, 
the so celle Бу Controlling the air humidity. It should be noted that in 
long as tg Constant rate period the rate of drying remains constant only as 
of tha drying conditions are constant; in the ordinary dryer the humidity 

nir changes as the air passes over the material being dried, and the rate 
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Ind. Eng. Chem., 80, 388 (1038).] 


ho. 


9f drying changes progressively, in a countercurrent dryer increasing as 
the material becomes drier. 

Estimation of Drying Rate in Constant Rate Period, In the con- 
Stant rate period the surface of the solid is completely wet, and the rate of 
Yaporization is essentially the same as from a free water surface at the same 
temperature. Where it is possible to neglect heat inflow from adjoining dry 
edges and by radiation, the surface may be assumed to be at the wet-bulb 
temperature of the air, and the rate of drying is calculated by Eq. (3). Where 

ion and conduction are appreciable, the rate will be greater than tha 
calculated in this way. The methods of calculation used to obtain the prob- 
able surface temperature in such cases are outlined by Shepherd, Hadlock, 
and Brewer (Ind. Eng. Chem., 30, 388 (1938)]. The assumption that the 
Surface will be at the wet-bulb temperature introduces a factor of safety in 
that the predicted rate will be low. 

Data on vaporiaation from wet solids collected by Shepherd, Hadlock, 
and Brewer [Ind, Eng. Chem., 30, 388 (1938)] have been used by them as a 
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basis for Fig. 1, which may be used to estimate drying rates in the constant 
rate period, Like Eq. (8), it applies only for vaporization at the wet-bulb 
temperature. 


The Falling Rate Period 


Аз pointed out above, the constant rate period ends at the critical water 
content, and the range from there to dryness is called the falling rate period- 
In case the critical water content is less than the desired final water contents 
the constant rate period constitutes the whole of the drying process. In the 
case of some slow-drying materials, the initial water content may be less tha! 
the critical, in which ease no constant rate period appears. The falling rate 
period is in general divisible into two secondary periods or zones, which fron! 
the mechanisms of drying prevailing in each may be called the zone of 
unsaturated surface drying, and the zone where internal liquid diffu- 
sion controls. 

The Zone of Unsaturated Surface Drying. This period follows imme- 
diately after the critical point; the decrease in the rate of drying in this zone 
is due to the decrease in the wetted surface of the material. The surface i# 
no longer completely wetted, but dry portions of the solid protrude into the ait 
film, so that the rate of evaporation per unit of total surface is reduced, The 
effective wetted surface in this zone is frequently a linear function of the 
water content, во that the curve representing rate of drying va. water content 
of the solid is straight in this region. The mechanism of drying is essentially 
the same as during the constant rate period so that the rate is independent 
of the thickness of the material being dried, and the factors discussed above 
influencing the rate of drying in the constant rate period have similar effect 
on the rate of drying in this zone. 

Internal Liquid Diffusion. The maximum rate of diffusion of water 
to the surface decreases with the water content of the material, so that à 
second critical point is reached beyond which the resistance to internal 
iquid diffusion is greater than the surface resistance to vapor removal. 
During this second zone of the falling rate period, the of internal liquid 
diffusion controls the rate of drying. Obviously, if the initial water content 
is less than at this second critical point, internal liquid diffusion will contro! 
throughout the drying process. 

‘The diffusion of liquids through many solids obeys the same fundamental 
diffusion laws as hold in the case of the diffusion of heat, and the Fourier equs- 
tions of heat conduction hold for the drying of solids when internal liquid 
diffusion controls. For the case of a slab of thickness 2R, the relation 
between water content and Ише has been derived and expressed in an infinite 
series for E in terms of r, where E is the ratio of free (total minus equilibrium) 
moisture at time @ to the initial free moisture, and 7 represents the grou? 
K0/R*, К being the diffusion constant of water through the solid, and Е 18 
one-half the slab thickness. The values of E and 7 as given by this theoretic" 
relation, are as follows: 


т 0.02 0. 
E 084 0. 


5 0.10 0.15 0.20 0.30 0.50 1.00 
5 0.642 0.563 0.496 0.387 0.236 0.069 


‘This relation is of yalue in the analysis and extrapolation (preferably don? 
graphically) of drying data over the range where internal liquid diffusion 
controls. The corresponding relations for various other shapes are give" 
by Newman [Trans, Am. Inst. Chem. Engra., 27, 310 (1931)]. 
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Example 2. 


to pale ва to force the theoretical relation 
© be a straight line. With this special 
paber, since the v scale is uniform, data 
'ollowing the theoretical relation will fall 
ап a straight line when plotted as E tar, 
Ss E va, 0/1, or un E ea. 0 Ву compar 
ison of the locution of such a straight line 
With that of the theoretical line, the val 
Ne Of K may be calculated directly. 
„ıı ire 2 shows data obtained on two 
Slabs of poplar wood respectively 1 
is 2d 1.90 cm. thick, plotted ns £ vs. 
QI using the special plotting paper 
fisetibed. Arbitrarily taking the point 
ва omparison at E = 0.60, where 

= 3.72, апа the theoretical value 
ofr is 0,126, we have 


r= 0.126 = 58 


== = 8.72 x 


= 3600 x К 


"е nee К = 04 x 10- in ogs, units 
rans of water diffusing ‘second per 
dent, por centimeter th 
of Wet won), 


Т Tt is important to notice that 
inder these conditions the time of 
diving varies directly as the square 
Sf the slab thickness, wher 


dying varies directly ns the first power of the thickness. 


internal liquid: diffusion controls, air. 
velocity has no influence on the rate of 
druing, and air humidity is of impor- 
ance only во far as it affects the equi- 
brium. water content. Radiation and 
Conduction of heat from the sur- 
ToUundings have little effect, except in 
aising the temperature of the solid 
And so improving the diffusion con- 
Stant of liquid through the material. 

Internal Evaporation. Since 


during the second zone of the falling 
Tate period the rate of arrival of water 
10 the surface is less than the rate at 
Which evaporation could take place 
At the surface, the water in the solid 
hear the surface tends to be depleted, 


tad the plane or locus of evaporation 
ends to retreat from the surface. 


z 2. Iu order to compare experi 
Тов plotting paper may be constructed, 


plot 
drying poplar wood slabs 


1485 


ental data with the theoretical curve, a 
using a uniform т scale, but so changing the 
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8, When surface evaporation controls, the time of 


Furthermore, when 


Rate of Drying 


O Percent, Free Water in Solid 
Fri, 3. 


‘Examples of rate-of-drying curves. 


his probably takes place only in porous or fibrous solids, such as pulp; and 


Not in colloids 


materials, such as clay. 


When evaporation occurs within the 
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solid, the vapor formed must diffuse, not only through the surface air film, but 
through the relatively dry surface layer of solid. The actual evaporation 
takes place at such a distance from the surface that the rate of diffusion of 
vapor through the solid and air-film resistances is equal to the rate of internal 
liquid diffusion. 

Outline of General Mechanism of Drying 


Figure 3 illustrates the possible drying curves which may be followed 
in drying a given material. The rate of drying, as weight of water per unit 
surface area per unit time, is plotted against the water content of tho solid, 
the horizontal line CA representing the rate of evaporation from the wholly 
wet surface under the drying conditions prevailing, i.c., the rate of drying 
during the constant rate period. The three curves HO, КСО, and LEO 
represent the maximum rates of diffusion of liquid to the surface for three 
thicknesses of material, HO being for the thinnest. The line ОДС representa 
the relation between rate of drying and water content for the conditicns of 
unsaturated surface drying for the particular material. ‘Then, since the rate 
of drying is governed by the slowest part of the diffusion process, the resulting 
rate curve for any thickness will be a composite curve made up of the lowest 
curves representing the rates in the three different zones. For the sample 
of intermediate thickness, starting with a water content at A, the rate of 
drying will follow AC to the critical point C, where the zone of unsaturated 
surface drying commences; follow CO to the second critical point D, where 
internal liquid diffusion becomes controlling, and then along DGO. The 
thicker sample will dry at a rate following AC to В, after which internal diffu- 
sion will control and no zone of unsaturated drying will appear. For the 
case of the thinnest sample, the rate will follow AC to the critical point C, 
thence along CO to dryness, the material being so thin that at no point does 
the rate of internal diffusion control. In this case the falling rate period 
nsists only of the zone of unsaturated surface drying. 


Ezample 3. A olay slab, dried at a sufficiently high air velocity that internal liquid 
diffusion is controlling, loses 60 per cent of its free water content in 320 n Using а 
moderate air velocity, the same slab requires 650 min. to dry from 27.6 per cent to 5.2 
per cent water (dry busis), the critical point occurring at 17.2 per cent water. Caleulate 
the time required to dry to 2.6 per cent water, assuming internal liquid diffusion to b 
controlling throughout the falling rate period. The equilibrium water content ia 1.5 
per cent. 

Solution. In the first teat, E = 0.40 after 320 min. From the theoretical relation 
between А and т, т = 0.285. In the second case, E = (5.2 — L.5)/(17.2 — 1 
0.236, whence r = 0.0. The time for the falling rate period is therefore (0.50/0.285) 
= 561 min., and for the constant rate period 650 — 561 = 89 mim, At 2,6 per cent 
water, E = (2.6 — 1.5)/(17.2 — 


5) = 0.07 and the corresponding value of т is 1.00. 
1,00 


"The necessary time to dry to 2.6 per cent water concentration is therefore 89 + 


X 320 = 1210 min, 

Approximate Equation for Practical Problems. The mechanism 
of drying in the falling rate period has been seen to be complicated, this 
period being in general divisible into two zones involving two different, drying, 
mechanisms. For practical analysis of drying data, and for computations 
involved in the design and operation of commercial drying equipment, the 
empirical equation 


We = Ws) 
° y — We) 


lo, 


21 a) 
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may be used. W is the water content (dry basis) at any time @ after the start 
of the falling rate period, Ws is the equilibrium water content, We the critical 
water content, and А із a constant. This equation is based on the assump- 
Hon that the rate of drying in the falling rate period is proportional to the 
free water content V — Wz. Although this assumption is only an approxima- 
tion to the facts, the resulting equation given above has been found to fit 
the data well for the drying of a number of different materials, In case the 
initial water content Wa is less than the critical, We is replaced by Wo, and # 
refers to the total time from the start of the drying. 


Example 4. certain material is dried to 10 per cent water in 5 hr., the initial mois- 
ture content being 20 per cent, and the equilibrium or hygroscopic moisture content is 
5 per cent, All moisture contents given are expressed as per cent of the dry weight. 
Assuming the solid to exhibit no constant rate period (i.e., the critical is greater than tho 
initial moisture content), estimate the time required to dry to 8 per cent water under 
Ше same drying conditions. 


Solution. Substituting in Eq. (4), 


Whence k = 0,0955. 
For the new conditions, the equation becomes 


Whence the time required = 0 = 7.31 br. 

Кгатрїе 5. А very wet solid is dried from 36 to 8 per cent water under constant 
drying conditions, the time required being 5 hr. How long would be required to dry 
to 5.5 per cent water under the same drying conditions? The eritical moisture is 14 
Fer cent and the equilibrium moisture 4 per cent (all water contents expressed on the 
Чу basis), 
olution, ‘Tho assumption that the rate of drying is directly proportional to the free. 
Waler content may be expressed 


4" = —KW — 4) 
7 


On integration this becomes 


Thich is assumed to apply to the falling rate period, dz being the time of drying in the 
falling rate period. The time in the constant rate period may be written 

(Wo — т) _ (36 
MWe Wa) кал 4) 


в. = 


since the rate of drying during the constant rate period is the same as at the oritieal 
Point, given by the first equation as 


(constant rate period) = —k(We — 4) = —k(14 — 


BY adding the time for the two period 


We м _ | (23) 4—9], 86 —19 


Whence k = 0,024, ду = 147, and б, = 3.53. 
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‘To dry to 5,5 per cent water, 6, = 3.53. 


04-4 
€ = E = 3.03 hr. 
(5) » 


(55 


Total time = 3.53 + 3.03 = 6.56 hr. 


Surface Checking and Case-hardening 

Surface cracks and checking are caused by unequal shrinkage of the surfaca 
and interior of the material being dried. Although at the start of the drying: 
the moisture content may be uniform throughout the solid, appreciable 
moisture gradients are soon set up from center to surface, the difference 
between center and surface moisture concentrations probably being the 
greatest when internal liquid diffusion first becomes controlling. In tbe 
case of a material which shrinks as it dries, the surface tends to shrink before 
the interior, and unless the material is sufficiently elastic to take up the 
resultant strains either permanent distortion or surface cracking results- 
When these effects must be avoided, controlled humidity drying is employed» 
using air of sufficiently high humidity to decrease the rate of drying во that 
the moisture gradients set up in the material will not be great enough to cause 
sufficient differential shrinkage to cause cracking. Many materials shr 
during drying through only a limited range of moisture contents, and con- 
trolled-humidity drying needs to be employed in only one part of the dryer: 

In some cases, as the material becomes drier, shrinkage or other physical 
change takes place which causes an appreciable decrease in the diffusion 
constant of liquid through solid, causing the so-called “‘case-hardening” 
effect. As the surface layer dries, it becomes relatively impervious to the 
diffusion of the remaining water, which is trapped in the interior of the solid- 
‘This effect is noticeable in the drying of soup. Since it is caused by excessive 
ference between surface and interior moisture concentrations, it may some- 
times be obviated, as suggested above, by controlled-humidity drying: 
For example, should the case-hardening develop only when the surface 
concentration becomes very low, air of relatively high humidity may be used 
the first 50 to 75 per cent of the water is being removed, so that thè 
case-hardening effect develops only in the latter portion of the drying process 
In this way, the total drying time may frequently be reduced. 


Laboratory Drying Tests 

Since the use of forced air currents, and in general the fixing of the drying 
conditions throughout the dryer are governed by the nature of the material 
and its drying characteristics, it is important to have reliable test data 0n 
the manner in which the material to be dealt with dries. Such data may һе 
obtained in simple laboratory drying cabinets, even without humidity control; 
and it is recommended that the results be studied by plotting the rate of 
drying vs. the water content, as in Fig. 3. A plot of free water content %8 
time for the falling rate period, using a semilogarithmic coordinate scale. 
as suggested by Eq. (4), should also be constructed. 

Differences in air conditions between plant operation and laboratory test 
can usually be allowed for, but special care should be taken to use a test sample 
having the same ratio of dry to wetted surface, and subjected to similar 
radiation effects as in the plant dryer. А common mistake is to use a small 
test sample and to accentuate the effect of heat conduction from dry surfaces: 
furthermore, a single test sample may receive radiation from steam coils 
or other source of heat in the drying cabinet which appreciably increases 
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its rate of drying, whereas in the large-scale dryer most of the material may 
Т sNrrounded by other similar material and not subject to radiant heat. 
the ® Precautions are particularly important because errors made are in 
1 unsafe direction: the tests tend to indicate a greater rate of drying than 
= actually attained under plant conditions. 

shout th сап be learned regarding the general mechanism of the drying of 
а Кона by two simple testa. These аге (a) the drying of one and 
and (j оклевао of the material in still air under constant drying conditions; 
a.d (b) the drying of a single thickness of the material in a blast of air having 
ran llicient velocity to evaporate the water from the surface at а greater 
qiie than it can diffuse through the sheet to the surface. In both testa 

‘ying from the edges of the samples should be eliminated by tinfoil or other 
Waterproof covering. 

In test a, tho samples should be suspended in a laboratory cabinet main- 
tained’ at constant temperature and constant humidity. They are then 
Weighed in place at frequent intervals, using n balance resting on the top 
of the cabinet, with a wire attached to one scale pan passing down into the 
Cabinet and on which the sample to be weighed may be hung. The weighings 
qut be made quite accurately, since the rate of drying is calculated from 
the difference between two. successive weights. The samples are finally 
ried thoroughly, the tare determined, and the rate of drying (as weight of 
Water per unit time per unit face area) plotted vs. percentage moisture 
(dry basis). ‘The double-thickness sample may be made by sewing together 
two single-thicknoss sheets. ‘This is tested similarly and the data obtained 
are plotted as rate of drying vs. moisture content on the same plot ва the 
data for the single thickness. If surface evaporation is controlling throughout. 
the drying process, the curves should coincide except for a slight effect 
9f heat flow in through the dry edges. If; however, internal liquid diffusion 
is controlling during the falling rate period, the rate for the single sheet 
Will be twice that for the double sheet during this period. Ii the samples 
exhibit а constant rate-of-drying period, the critical water content will be 
Apparent from this plot. The data may also be plotted, as free water vs. 
lime, on semilogarithmic coordinate paper, using only the data on the falling 
rate period. 

Test b serves to place the curve representing the rate of diffusion of water 
to the surface. Тһе sample is held in a stream of air flowing at 30 ft. per 
нес. (or more) and weighed frequently, at short intervals of time. For 
example, the small sample may be held in the exhaust from a small centrif- 
ugal blower, operating ab room temperature. The rate of drying is again 
Calculated and plotted va, percentage moisture, in this case giving a curve 
concave to the rate axis. By comparison with the theoretical-diffusion 
Equations, the diffusion constant of water through the sheet may be found. 

comparison of this curve with the rate curves obtained from test a indi- 
Cates the drying range where there is danger of internal diffusion becoming 
Controlling and also indicates how much it may be possible to increase the rate 
Of drying by employing high air velocity and low humidity. 


CLASSIFICATION OF DRYERS 
Dryers may be classified as continuous or batch, adiabatic or constant 
mMperature, and also as to the manner in which the heat necessary for 
Yaporization of the water is transferred to the material. 
In the common air dryers the latent heat of vaporization is supplied to the 
‘tock by convection from the heated air, and such dryers may be termed 
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“hot-air dryers.” In the drying of thin sheets of veneered wood, the heat 
is supplied by contact with heated metal plates between which the wood 18 
pressed. Similarly, in the can or cylinder dryers for textiles, pulp, and other 
sheet material, heat is received by conduction from а heated metal drum, the 
interior of which is supplied with steam. In such dryers, instead of the stock 
picking up heat from the air, the air may be colder than the sheet, and heat 
flow takes place in the reverse direction, t.e., from stock to nir. The wet 
material being dried may also receive heat by radiation, although this method 
of heat transfer is usually found to occur only in high-temperature dryers 
and incinerators. As pointed out above, radiation from the surroundings 
raises the temperature of the wet solid, which increases the rate of drying: 
Since the vapor pressure of the water in the solid increases rapidly with tem- 
perature, a high rate of radiant heat flow causes only а moderate increase 
in the temperature of the stock, and it would sppear that this means of 
increasing the rate of drying, especially in the constant rate period, has not 
received the attention it merita. 

Hot-sir dryers may be classified аз adiabatic and internally heated, tho 
latter usually operated at constant temperature. In the adiabatic dryer, 
all the heat supplied comes in as sensible heat in the entering air. The air 
is preheated and in passing through the dryer cools as it gives up its sensible- 
heat content which is utilized in vaporizing water from the stock. Thus 
the temperature is lowest where the nir leaves and highest where the air 
enters, 80 that where the flow of air and material is countercurrent, the driest 
stock comes in contact with the hottest air. In cases where the material 
boing dried is sensitive to heat when dry, this is an important disadvantage 
of the adiabatic dryer. However, the wet-bulb temperature of the air remains 
approximately constant, so that such dryers are particularly well adapted 
to the drying of materials sensitive to heat when wet, eg. gelatine. Ав 
the nir passes through an adiabatic dryer it cools, and its capacity for carrying 
water vapor is greatly diminished. ‘Phe air carrying the water vapor away 
from the dryer has therefore n relatively low water-vapor-carrying, capacity, 
and consequently large amounts of air are required, resulting in low heat 
efficiency. When steam coils or other sources of heat are within the dryer, 
enough heat is usually supplied to accomplish the vaporization of water 
from the material being dried, und the temperature of the air remains approx 
mately constant, although it may be allowed to decrease or even caused 
to increase as it passes through the dryer. Frequently air is circulated 
through sections of the dryer and over steam coils either in the bottom or 
just outside the dryer. Part of the air во circulated may be passed from one 
section to the next, each section operating as a small cross-current adiabatic 
dryer. "Phe dryer as а whole, however, usually operates at a constant tem- 
perature, although by removing air from each section varions combinations 
of drying conditions may be maintained. 

Intermittent dryers are charged with the material to be dried, which 
remains within the dryer until dry, when it is removed and the dryer 
recharged. Such dryers are usually of the loft, compartment, or chamber 
type and are widely used for small-scale and experimental work. They are 
cheaply and simply built and have the important advantage that when 
properly controlled they are able to operate on relatively complicated humid- 
ity and temperature schedules for the air in the dryer. However, close con 
trol and inspection must be maintained or the product from successive 
charges will not be uniformly dried. Continuous dryers have the important 
advantages inherent in continuous operation at any stage in a manufacturing 
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Plant, The continuous operation fits in more satisfactorily with the other 
Steps in the manufacturing process, labor costs are reduced, less storage space 
for charge and produet is required, and the dried product is apt to be more 
Uniform. Perhaps the most important advantage of the continuous dryer 
Over the intermittent dryer is the greater heat efficiency of the former, the 
Saving in cost of heat being usually more than enough to offset the greater 
fixed charges on the continuous dry 


AIR CIRCULATION AND RECIRCULATION 


, Adequate circulation of air over the material being dried is of the utmost 
importance in maintaining high capacity and low heat consumption of the 
dryer. As pointed out above, the surface coefficient of vapor diffusion of 
Water vapor from solid to air varies approximately as the 0.8 power of the air 
Velocity, во that when the surface is at the wet-bulb temperature of the air 
the rate of drying is also proportional to the 0.8 power of the air velocity. 
When the rate of surface evaporation is controlling, but due to radiation or 
heat conduction from adjoining dry surfaces the surface is above the wet-bulb 
temperature, an increase in the air velocity at the same time tends to cool 
the solid and so decrease the vapor pressure of the water at the surface 
temperature, which in part tends to offset the beneficial effects of the higher 
air velocity. Nevertheless, the net effect of increased air velocity is always 
to increase the rate of drying, providing surface evaporation is the con- 
trolling mechanism of drying. In the second zone of the falling rate period, 
internal liquid diffusion is controlling and air velocity can have no effect on 
the rale of drying. When internal liquid diffusion is controlling, which in 
some cases may be throughout the whole of the drying process, it is con- 
sequently useless to attempt to eut down the time of drying by using a high 
Air velocity past the surface of the material, Good sir circulation within 
the dryer not only increases the surface coefficient of vapor diffusion but: 
ев to eliminate stagnant-air pockets where the air humidity is high and 
vy little drying takes place. 

‘There are three general ways of attaining the advantages of high air 
Velocity over the surface of the material, ‘These are: (a) the use of large quanti- 
ties of heated fresh air, (4) the use of а mixed feed of heated fresh air and hot 
Waste air from the dryer, and (c) the repeated circulation of the air across 
ог through the solid material as it passes through the dryer. The use of large 
quantities of heated fresh nir accomplishes the desired purpose but involves 
an excessively large heat loss in the waste hot air. Circulation within the 
dryer or recirculation of waste hot sir is therefore the method used, the 
Choice depending on the arrangement and construction of the dryer. The 
repented circulation of the air over and across the material as it passes 
through the dryer is usually to be preferred, as each puss of the nir over 
he material involves а shorter length of air travel and lower friction and 
Power consumption by the fans than when waste air is returned by ducts and 
Tecirculated through the whole of the dryer. 

Figure 4 shows a plan view of a two-track tunnel dryer illustrating the 
principle of cross circulation within the dryer. "The dryer, shown, houses ten 
trucks on which are piled trays holding the material being dried. Fans 
Placed at the sides in alternate sections circulate the air over the trays on the 
trucks and over the steam coils set behind the fans. Because of the large 
cross section’ and short length of air travel, the back pressure on the fans is 
very low, and long-blade slow-speed fans are used, capable of circulating 
large amounts of air, Fresh air displaces sufficient hot humid air to carry 
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away the water evaporated, but as it is possible to remove a minimum 
amount of nearly saturated air, the heat efficiency of the dryer may be main- 
tained very high. At the same time the capacity will be high because of 
rapid drying eaused by the high velocity of the air over the material. 

In the case of the eross-circulation dryer just described, fresh air is supplied 
at one end of the tunnel and the hot humid waste air removed at the other 
end, the air usually passing countercurrent to the material. Under these 
conditions the humidity of the air in the dryer varies from that of the fresh 
air at the air-feed end 
to that of the humid 
waste air at the other 
end of the dryer. 
However, when the вуз- 
tem of recirculating 
part of the waste air and 
mixing it with fresh air 
is employed, the hu- 
midity gradient through 
the dryer is from that of 
the mixed feed at one end 
to that of the waste at 
the other end; when us- 
ing similar amounts of 
fresh air, the average 


humidity in the dryer i олем & Sobre D 
will therefore be greater рус, 4. /Twotrack tunnel dryer showing cross ciroula- 
than when recirculation tion within the dryer. 


within the dryer is em- 
ployed. This may be of no great importance when drying at 150° to | 
200°F., but at low temperatures the humidity driving force is ordinarily so — | 
small that the increased average humidity of the air has an appreciable 
effect on the rate of drying. 

In all cases where the air is to pass vertically over wet sheets of the material 
suspended within the dryer, the direction of air movement should be down- 
ward, since the air density increases as the air cools, 

Condensation on the Walls of the Dryer. When recirculation of air 
through the whole of the dryer, or repeated circulation within the dryer, із 
used, the heat consumption may be maintained very low by withdrawing 
only the minimum amount of nearly saturated air. However, if the humidity 
of the air becomes greater than the humidity of air saturated at the tempera- 
ture of the inner surface of the housing wall, i.e., if the inner surface of the 
wall of the dryer is below the dewpoint of the humid air, condensation of 
moisture will take place. Provision may be made for carrying away water, 
condensed in the waste-air flues, but condensation within the dryer itself 
must usually be avoided, because of corrosion of the dryer or spoilage of the 
material by drip from the roof. The degree of saturation of the waste 
humid air is therefore frequently limited by the liability of condensation of 
water within the dryer. 

The inner-surface temperature of the housing may be estimated by the 
method of calculation described in Sec. 7 on the Flow of Heat. For example, 
suppose the dryer wall to be of wood 5$ in. thick, having a thermal conduc- 
tivity of 0.05 B.t.u./(hr.) (sa. ft.) (°F. per ft.), and that the inner- and outer- 
air temperatures аге 170? and 70°F., respectively. Assume that the surface 
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coeficient of convection plus radiation (Sec. 7) for both inner and outer 
Surfaces be 2.0 B.t.u./(hr.) (ва. ft.) (F.), then the total resistance to heat ` 
flaw through the wall is 


1 0.625 1 
2.0 "(005 x12) 20 — 


Since the temperature drop is proportional to resistance, the drop through 
ace air film is 2570 10) = 24.5°, and the inner-surface 
temperature is 170° — 24.5° = 145.5°F. The maximum safe dewpoint of 
the waste air is consequently 145.5°F., and the corresponding maximum 


absolute humidity of the waste air is 0.181 Ib. water per pound of bone-dry 
air, 


R 


the inner-sur 


HEAT CONSUMPTION OF DRYERS 
„ The cost of heat is an item of major importance in nearly every dryer, and 
in many cases constitutes well over half the total cost of operation. The 


Table 1. Heat Losses through Dryer Housing Walls* 

Values given are over-all coefficients of heat transmission expressed as B.t.u./(hr.) 
(sq. ft.) (°F, difference in temperature between ide surface and outside air) 
4-in. Brick wall . . ‚0,77 
Аја, Concrete wall. 5 S . 0.94 


Zí-in. T. & G. sheathing. ..... 0.73 
iin. T. & С. sheathing and sh 0,72 

£ t ОУ p 0,68. 
Sheet steel, 1-in. improved Asbestocel sheets, sheet steel... 0:44 


Sheet steel, 134-70. improved Asbestocel sheets, sheet steel 0.32 


Sheet steel, 2-in. improved Asbestocel sheets, sheet steel 25 
Mi-in. Transi n. improved Asbestocel sheets, sheet steel... ... 0.25 
Jý-in. T. & G. sheathing, builder's paper, 4-in. air space, builder's 
paper, }{-їп. Tran X 4-in. studs. Ў . 0.88 
‘Type A, Spe ille Special Built-Üp: ...- 0.11 
Туре B, Special Johns-Manville Special Built-Up. 0,22 


Туре 0, Special Johns-Manville Special 2-in. panel construction 
‘Transite encased insulating board, 4 in 
‘Transite encased insulating board, 1 in 
Jobns-Manville Standard lumber dry- 
Oven Walls 
Sheet aloe 


housing. $ vet 


Min. Transite (temp, diff. 


450°F.) эз: 0.084 
t steel, ransite (temp. diff. 
0°.) < 0,082 


t steel, Transite (temp. diff. 
0°Е.).... 
Sheet steel, 
450°Е.).. 
Sheet steel, 
35091.) 
Sheet, steel, 
280*R)... 
Sheet steel, 
450*F.) 
Sheet, steel 
35097.) 
Sheet steel, 2-im. 85% 
250°) 
* Courtesy Johns 


Yin. Transite (temp. diff. 


(temp. diff. 
pos те pur . 0.228 
X-in. Transite (temp. diff. 
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total heat consumption may be divided as follows: (a) heat required to 
evaporate water, (b) the heat to heat the dry solid from the feed temperature 
to the discharge temperature, (с) the heat required to heat trucks, trays, ог 
parts of the dryer itself if the operation is intermittent, (d) the heat in the 
waste humid air as sensible heat above the fresh-air temperature, and (e) 
the heat lost to the surroundings by conduction through the dryer housing- 
When the initial and final moisture contents of the material are low, the 
heat lost as sensible heat in the dried product may be quite appreciable. 
Although it is true that this quantity could be reduced by operating the 
dryer at a lower temperature, 
the drying temperature is 400 | 
| 
T 
| 


frequently fixed by the па- 
ture of the material and is 
not subject to variation. 
Furthermore, operation at a 
lower temperature usually 
results in an increased heat 
loss as sensible heat in the 
waste air, and no net saving 
is accomplished. The heat 
requirements under heading 
а ure therefore not subject 
to control by the operator 
and muy be termed the 
"theoretical" heat require- 
ments of the dryer, Since 0—0 — BO o — T6 B0 
this quantity is commonly Temperature of Saturated Air Leaving-Deg, F 
between 1000 and 1100 B.t.u. Fjo, 5.—Sensible-heat loss in waste air as a 
per Ib. water evaporated, the of the waste-nir temperature. 
"theoretical" heat require- 

ment, using low-temperature steam, is in the vicinity of 1.1 lb. steam per 
pound of water evaporated, 

The dryer housing may be constructed of wood, brick, or insulating boards 
of various types, the nature of the material and the thickness of the walls 
depending on the temperature maintained within the dryer. In estimating 
the heat loss from a proposed dryer housing, it is necessary to have a knowledge 
of the over-all coefficient of heat transfer through the dryer walls. 

Table 1 gives values of this coefficient Н, as B.t.u./(hr.) (sq. ft.) CF.) 
for a number of typical constructions. The coefficient H is the reciprocal 
of the sum of the several resistances through which the heat must flow in 
series, viz., the inner and outer air-film resistances, and the individual sections 
of the wall ‘These resistances may be calculated and the over-all coefficient 
H may be then estimated by the methods described in Sec. 7. For example, 
the over-all resistance of a 5g-in. wood partition was found on p. 1493 to be 
2.04. The value of И is therefore 0.49 B.t.u./(hr.) (sq. ft.) (*F.), from which 
the rate of heat loss from the dryer may be calculated, knowing the inner 
and outer air temperatures. 

The housings should be tight to minimize air leakage, either in or out. 
“Through metal," í.e., bolts or screws extending through the wall, increases 
the heat loss to a surprising extent and should be eliminated where possible. 

‘The third important heat quantity is represented by the loss as sensible 
heat in the waste humid air. А common misconception in this connection 
is that the lower the temperature of the air leaving, the less will be the sensible- 
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heat loss. Рога given percentage saturation, the absolute humidity increases 
faster with temperature than does the temperature rise above the fresh-air 
temperature. Thus, the sensible-heat loss, which is directly proportional 
to the temperature rise and inversely proportional to the increase in humidity, 
decreases as the final air temperature is increased. It is true, however, that 
considerable drying may be accomplished without appreciable change in 
temperature of the air passing through the dryer; under such conditions the 
Sensible-heat loss is zero. Consequently for a definite percentage saturation 
of the waste air, the sensible-heat loss may be seen to go through a maximum. 

his point is illustrated in Fig. 5, which shows the sensible-heat loss per pound 
of water evaporated plotted vs. the temperature of the waste air, for various 
conditions of the fresh air entering at 70°F. Even in the case of the bone- 
dry fresh air, the maximum is seen to occur at а lower temperature than would 
ordinarily be employed, во that in general it is true that for a given percentage 
Saturation of the waste air, the higher its temperature, the lower will be the 
Sensible-heat loss, 

The degree of saturation of the waste air is frequently taken as a criterion 


of the amount of heat lost as sensible heat in the waste air. ‘This is justifiable, 
for the curve of sensible-heat loss ts. temperature at а constant. percentage 
Saturation of the waste air is seen to be fairly flat, so that the heat loss is 


mainly dependent on the degree of saturation, At а given temperature, the 
Sensible-hent loss varies approximately inversely as the percentage saturation, 
Approaching a minimum as the humidity approaches saturation. 

, It is important that the sensible-heat loss be calculated above the outdoor 
Air temperature, even in cases where the air supply for the dryer is obtained 
immediately from a heated room. It is evident that the dryer should be 
charged with heating the fresh air from the outside temperature, even though 
tome of the heating be done by the ventilating system, or by radiators in 

he room 


ECONOMIZERS 
As pointed out above, the sensible-heat loss in the waste humid air repre- 
Sents а considerable fraction of the total heat requirements of the dryer, and 


the transfer of this heat to the incoming cold fresh air offers а possible means 
of reducing the heat consumption of the drying operation. Furthermore, 
When the dewpoint of the waste humid air is high, and the temperatura 
of the fresh air is low, considerable condensation of water vapor may be 
effected in a suitable heat exchanger and add greatly to the heat so recovered. 
However, the over-all coefficients of heat transfer from gas to gas are normally 
50 low that the required heat-exchange surface of a suitable type of economizer 
is excessively large, and the use of such equipment is found practical only 
where the temperature of the gases leaving is relatively high, or where the 
dewpoint is во high that considerable recovery of heat by condensation of 
Water vapor is possible. 

Adame and Cooper [Znd. Eng. Chem., 22, 127 (1930) report six tests on a 
10,500-sq. ft. copper-surface cross-flow Briner-type economizer operating 
in connection with a 60-ton sulfite pulp dryer. The fresh-uir temperature 
varied from 13° to 74°F., the waste sir from the dryer from 99° {о 128°F., 
nd the amount of waste air handled from 203,000 to 236,000 Ib. (water-free 
basis) per hr. The sensible heat removed from the waste air varied from 
400,000 to 1,030,000 B.t.u. per'hr., and the heat recovered by condensation 
of water vapor varied from 2,470,000 B.t.u. when the fresh air was at 13°F. 
to 80,000 B.t.u. per hr. when the fresh air was at 74°F. The corresponding 
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temperatures of the entering air after passing through the economizer were 
71°F. when the fresh air was at 13°, and 101° when the fresh air entered 
at 74°F. It may be seen that the amount of condensation varied in such в 
way as to maintain the air feed to the dryer between 71° and 101°F., although 
the fresh-air temperature varied over a 61° range, ùe., from 13° to 74°F. 
In these tests, the total heat in the waste air averaged about three times that 
necessary to heat the fresh air to the waste-air temperature; and the heat 
actually picked up by the fresh air was about half that necessary to heat 
it to the waste-air temperature. ‘The actual heat recovered was consequently 
from 10 to 20 per cent of the total heat consumption of the dryer. 

Ву the use of an absorber to remove water vapor from the waste air it is 
possible to operate with total recirculation. This accomplishes somewhat 
the same result as an economizer and also provides for humidity control 
when the outside fresh air is very humid. Direct-contact absorption in а 
strong aqueous solution of lithium chloride reduces the humidity to a low 
value without cooling the and a double or single effect evaporator is 
provided to reconcentrate the diluted solution. Excellent heat economy is 
possible with such a system, although many of the installations have been 
to facilitate low-temperature drying of leather and similar products during 
summer periods of high humidity [see Weisselberg, Chem. & Met. Eng., 46 
418-421 (1938); Bichowsky, ibid., 47, 302 (1940)]. 


TYPES OF DRYERS 

Commercial drying equipment is necessarily extremely varied in design 
because of the fact that materials dried in industry vary widely in physical 
form and in both physical and chemical properties. A brief description of 
only the commoner and more generally applicable types is given in the 
following section. Operating and performance data are included where they 
are available. 

Spray Dryers for Liquids, [Stewart, Chem. & Met. Eng., 35, 471 (1928). 
Reavel, J. Soe. Chem. Ind., 46, 925, 951 (1927). Power, Chem. Eng. Mining 
Rev., 20, 201 (1028). Bowen, Ind. Eng. Chem., 30, 1001 (1038). Fogler 
and Kleinschmidt, Ind. Eng. Chem., 30, 1372 (1038).] Liquids may be dried 
by spraying into heated air, the large surface of contact between the drops 
and the air making possible a very high rate of vaporization. When the dry 
material is not sensitive to heat, the solution may be superheated and sprayed 
into в rotary dryer or heated enclosure and the dried product collected in the 
form of a powder. When a finely ground product is desired, it is thus possible 
to accomplish both drying and pulverizing in one operation. The process 
may also be used to produce a homogeneous mixture from a solution or 
suspension of two or more substances. 

Efficient countercurrent action is not ordinarily possible in the spray 
process, so that the sensible-heat loss in the waste air is usually high, and the 
use of the method is confined to those cases where the short time of heating is 
particularly desirable. The spray process is of advantage in the drying 
of the following materials: easily oxidised substances, such as leuco-base 
dyes; easily dissociated substances; easily damaged ferments; substances 
with delicate flavors; substances physivally or chemically sensitive to heat; 
organic or inorganic colloidal solutions; suspensions; and suspensions in 
solutions. Tt is used in drying blood products, eggs, gelatine, soap, sugar, or 
beverage powders, blackstrap molasses, and its use is said to be the only 
possible way of obtaining dried glucose asa powder, Because of its relatively 
poor heat economy, the process is not usually recommended for the drying 
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pf cheap materials but is of particular importance in the food and beverage 
industries and for the drying of fruit juices to produce soluble powders. 
e important steps in the spray-drying process are the atomization of 
е liquid, the drying process, and the recovery of the product. Several 
types of sprays may be used, (1) a centrifugal bowl or disk atomizer, (2) a 
Tressure-type nozzle, or (3) a two-fluid or atomizing nozzle. In general 
the first two form hollow spherical particles and the third forma irregular 
dene particles, but any type may produce a product of varying form and 
density depending on atomizer design and operation and the physical proper- 
ties and moisture content of the feed. The centrifugal type of atomizer is 
the most common since it yields a product of more nearly uniform particle size 
and has the advantages of high capacity, low maintenance, accessibility for 
cleaning, low liquid pressure requirements, and little tendency to clog. The 
disk is driven by an electrie motor or steam turbine at speeds normally 
between 3000 and 12,000 грла, The liquid is fed to the disk and thrown 
Qut horizontally by centrifugal force, breaking up into a spray as it loaves 
the edge of the disk. The pressure-type nozzle, usually of the spin-chambor 
type, operates under pressures of 100 to 2,000 lb. рег sq. in. It does not 
Produce as uniform a particle size as the centrifugal type, has low capacity, 
ind tends to plug and to erode with use. In the two-fluid ntomizing-nozzlo 
liquid under low velocity is. delivered to the nozzle and there atomized by 
An impinging stream of air at pressures up to 100 lb. per sq. in. It has 
most of the advantages of the centrifugal disk except for non-uniform particle 
fixe. Тһе fineness and uniformity of the spray are of utmost importance 
because the capacity of the dryer is governed by the time required to dry the 
largest of the drops formed. The largest drops tend to dry incompletely 
ind to form wet lumps in the product, making it necessary to reduce the rate of 
id feed. If the largest drops are satisfactorily dried, the smaller drops will 
also be well dried; if the spray is uniform and the smaller drops are all nearly as 
large ав the largest, the capacity of the dryer will obviously be greater than 
when the average size of the drops is only a fraction of that of the largest. 
‘The spray is located at either the top or bottom of a large cylindrical drying 
chamber into which is fed heated air or hot products of combustion. Usually 
the chamber has a height approximately equal to the diameter, although with 
Pressure sprays the height may exceed the diameter appreciably. "The drying 
Or gasea may range from 200° to 1200°F, and usually pass through the 
dryer in parallel flow to the product. In the Kestner spray dryer the hot 
gas enters tangentially at the top, thus being given a centrifugal motion which 
tetains in passing down through the drying chamber. "The spray is located 
ät the top and revolves in the same direction as the rotation of the gas in the 
chamber; the spray and gas are therefore thrown together with a parallel 
Motion with the object of preventing the formation of uncertain ed 
Which might allow short-cireuiting of spray or hot gas and so 
ficient operation of the dryer. А small amount of cold air is passed verti 
cally down over the spray to prevent drying until the sheet of liquid formed 
by the revolving disk has completely broken up into a fine spray. 
Various methods are employed for the recovery of the product. Usually 
в portion which collects on the floor of the drying chamber is swept by rakes 
into hoppers or conveyors or blown out by air. The portion which is carried 
out in the discharged gases is collected in a cyclone which may be supple- 
mented by a bag filter or scrubbing tower. The feed liquor is sometimes 
Used to scrub the gases, thus effecting at the same time a concentration of 
this liquid by the heat available in the gases, 
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Capacities of spray chambers vary widely with the properties of the liquid, 
the degree of atomization, the temperature of the gases, and the size of 
chamber. Generally the capacities vary from 0.1 to 3.0 Ib. water evaporated 
per hour per eubic foot, the low value being for 20- to 50-mesh particles at low 
gas temperatures and the high value ior 300-mesh particles at gas tempera- 
tures of 800° to 1200°F. Drying chambers vary from 10 (for particles below 
350 mesh) to 30 ft. in diameter. They must be large enough во that none 
of the spray will hit the walls when wet. Gas temperatures vary from 200° 
to 1200°F,, and gas velocities are usually 50 to 120 ft. рег min. based on the 
average gas temperature. 

Thermal efficiencies range from 70 per cent for high gus temperatures to 
20 per cent for low air temperatures (300?F. or less). Fuel requirement’ 
vary from 2000 to 5000 B.t.u. per lb. 
water evaporated. Labor for operating 
a dryer, exclusive of materials handling, 
is 12 to 24 man-hr. per day. Mainte- 
nance is 5 to 10 per cent of the total 
installed cost. А 20-ft. diameter dryer 
requires about 50 hp. The installed cost 
of a spray dryer exclusive of buildings 
will be from $10 per cubic foot for large. | 
chambers to between $ and $60 per 
cubic foot for small chambers. 

Spray dryers are applicable to large 
production since they do not perform well 5, po 
in sizes below 5 ft. diameter. Spaearo- , 6 0-7 Twin-roll drum dryer with 

h ^ = center feed. (Courtesy Buffalo Foundry. 
quirements and investment cost are high. 554 Machine Co.) 

However, this method of drying produces 

в product which needs no subsequent grinding or blending and generally has 
peculiar, valuable properties of low bulk density, uniform particle sizo, freo- 
flowing and non-caking tendencies. 

Drum Dryers for Liquids. Another common type of continuous 
dryer for liquids is the drum dryer, consisting of one or two steam-heated 
metal cylinders revolving around a horizontal axis. Liquid is applied in a 
thin film to the cylinder surface and dried by heat transferred from the con- 
densing steam in the interior. The dried product is removed, after traveling 
as far around the drum as possible, by a straight “doctor” knife set close to 
the drum surface. The dried material drops into a chute or hopper and the 
water vapors are generally removed by natural or forced draft through а 
hood over the dryer. Drum dryers have been employed commercially in 
the drying of milk, soap and detergents, dyes, fruit and vegetable extracts, 
glue, cereals, salt solutions, ete. 

"There are three general types of dram dryers: single-, double-, and t 
drum dryers. The single consists of one cylinder; the double and twin, two 
cylinders set close together and parallel, mounted on the same frame, and 
driven by one motor. The latter two differ only in the rotation of the rolls: 
In the double the rolls rotate toward each other at the top, and in the twin 
they rotate away from each other at the top (see Fig. 6). The latter ia particu- 
larly adaptable to drying salt solutions where crystals may form. All three 
types may be operated under vacuum on temperature-sensitive materials 
or on those from which valuable solutions are being evaporated. 

A special type of drum dryer adapted to the predrying of pastes is a finned 
single-drum dryer. The drum surface is grooved around the circumference 
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Ep heating surface is materially increased. | Pastes are forced into the 
Шок ues by rolls and removed by finger scrapers; ‘The final product, generally 
ton ompletely dry, is dried further in an appropriate air dryer, such аз the 

zontal conveying screen dryer (Aeroform dryer). з Y 
1 оша methods of feeding drum. dryers are employed. In the "pam? 
tied the rolls dip into the liquid; in the "'spray" or "splash" feed. liquid is 
тутт against the bottom surface of the roll; and in the "slurry" food if is 
Tesireulated through pipes past the roll surface, These methods are chiefly 
ied with single-drum dryers. With double- and twin-drun: dryers the 
ees ма usually fed between the rolls to the upper trough, which is fitted with 
endboards. This type of feed is sometimes applied to single-druin dryers 
by the use of a close-fitting frame. 

к. Er the successful operation of n drum dryer it is important that the liquid 

ed be evenly distributed over the surface of the roll so as to give a film of 
Uniform thickness and concentration. For this reason doctor rolls are often 
used with twin- and single-drum dryers and constant level controla where 
trough or pan feeds are employed. It is also important to remove aa much of 
the dried product as possible so that a thin film will not remain on the roll. 
The doctor knife must be close fitting and sharp. Frequent honinga are 
able, and, where the drum surface is likely to wear irregularly and form 
grooves, а flexible knife is preferred. 

‘The capacity of drum dryers is proportional to the dryer width and diameter 
and to the speed of rotation. The speed of rotation determines the time 
available to dry the film of liquid picked up. The time required depends not 
only on the amount of water in the film but on its thickness. In other 
words, for a given feed consistency а thick film of liquid not only contains 
more water than does a thin film but its rate of drying is reduced because of 
the greater resistance to fow of heat and vapor through it. However, the 
speed of rotation also determines the thickness of the film, the slower the speed 
generally the thicker the film. Usually, a greater capacity is obtainable when 
Using a given feed | ng thin films at a fairly high roll speed, especially 
if û very dry product is desired. With very thin films and high roll speeds 
the time of contact of the material with the hot roll is greatly reduced, which 
is an important advantage in drying liquids sensitive to heat. Usual speeds 
of rotation are 4 to 12 r.p.m. 

The over-all heat-transfer coefficient depends on the individual resistances 
of the steam film, the metal wall, and the material film and has beon found 
to vary in practice from 10 to 50 B.t.u./(hr.) (sq. ft.) СЕ. temperature differ- 
ence). ‘The material film is generally controlling, although inefficient 
removal of non-condensable gases and condensate inside the roll may. increase 
the resistance of the steam film appreciably. The usual capacity varies from 
2 to 8 Ib. of water evaporated per hour per square foot of roll surface, This 
capneity is largely dependent on the steam pressure and hence on the over-all 
temperature differene 

Drum dryers are supplied in a variety of standard sizes. Single-drum 
dryers range from 2 ft. diameter by 1 ft. 8 in. long to 6 ft. diameter by 12 ft. 
long. ` Double- and twin-drum dryers range from 2 ít. diameter by 2 ft. long 
to 5 ft, diameter by 12 ft. long. 

The total installed cost of a drum dryer is about twice the purchnae cost. 
Steam consumption varies from 1.3 to 2.0 Ib. steam per pound water evapo- 
ted. Maintenance costs are about 5 to 10 per cent of the installed dryer cost. 
Drum dryers produce a flaked or powdery product which needa no further 
grinding or blending. They are difficult to operate, however, where a hard, 
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thin coating builds up and adheres on the roll surface во that it cannot be 
removed easily by the doctor knives. 

For a further discussion of drum dryers, see Van Мане [Ind. Eng. Chem: 
30, 1006 (1938)] and Harcourt [Chem. & Met. Eng. 45, 179 (1938)]. 

Pan Dryers. Pan or agitator dryers are particularly adapted to the 
intermittent drying of small batches of solids, e.g., grains, flour, coal, ores, 
dyes, salts, and flotation concentrates. They are operated either under 
atmospheric pressure or under vacuum. The use of agitation generally 
shortens the drying time over that obtained either in atmospheric or im 
vacuum tray dryers. These dryers are not suitable for materials which 
cake on hot metal surfaces or whose quality is degraded by breakage of the 
particles. 

Agitator dryers are usually considered to comprise the following types: 
atmospheric or vaeuum pan, vacuum rotary, screw conveyor, or trough. 
In all types the material is agitated in contact with a heated metal wall. 
‘The pan dryer (3 to 6 ft. diameter by 1 to 2 ft. deep) isin the form of a shallow 
circular pan with flat or bowl-shaped bottom and vertical sides. A plow or 
scraper agitator rotates around a vertical shaft and stirs the material during 
drying. Discharge of material is accomplished through an opening in the 
floor or side wall. The vacuum rotary dryer (1.5 to 6.5 ft. diameter by 3.5 
to 36 ft. long) comprises a stationary, cylindrical steam-jacketed shell within 
which a set of agitator blades revolve around a horizontal axis. Vacuum 
is applied (as also for the vacuum pan dryer) by steam jet or vacuum pump 
through’ a suitable condenser, the line including а dust bag or appropriate 
dust collector. The dryer is not easily cleaned. ‘The screw conveyor dryer 
(6 to 24 in. diameter by almost any length) is also в steam-jacketed cylindrical 
shell through which material is moved by means of a screw conveyor. Such 
в dryer may consist of a number of such units mounted in parallel one above 
the other to conserve floor space, the material discharging from the exit of 
one into the feed end of the one below. Only enough air is passed through 
the dryer to remove vapors and not dust. The trough dryer (4 ft. by 24 ft. 
to 12 ft. by 60 ft.) is a modification of the screw conveyor dryer in which 
material is moved by oscillating rabble arms through a steam-jacketed or 
gas-heated trough open to the atmosphere. 

‘The drying of materials in agitator dryers is dependent on the heat transfer 
from the condensing steam through the dryer walls into the drying material. 
‘The main resistances are those of the material and material film along the wall. 
While the material contains surface moisture, its temperature will approxi- 
mate the boiling point of the solvent under the absolute pressure prevailing 
in the dryer. Ав the material dries beyond this point, its temperature rises 
approaching the temperature of the dryer wall. 

The capacity of these dryers varies with the material, being 1 to 3 lb. 
water evaporated per hour per square foot of heating surface for materials 
with high moisture content, not carried to extreme dryn: and 0.1 to 0.5 
water per hour per square foot for low-moisture materials carried nearly to 
their equilibrium moisture content. Pan dryers are generally loaded to 1 
to 2 ft. depth, and vacuum rotary dryers, 50 to 60 per cent full. Agitators 
revolve at 2 to 8 r.p.m. Steam consumptions for pan and vacuum rotary 
dryers range normally from 1.3 to 1.8 Ib. steam per pound water evaporated 
for high-moisture materials; and for serew conveyor dryers, 1.5 to 2.5 Ib. 
steam per pound water evaporated. For low-moisture materials (near the 
equilibrium moisture content) thermal efficiencies will be much lower. 
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‘The total installed cost of one of these dryers will usually be between two 
nd three times the purchase cost. Operating labor costs are appreciable 
since the operation is batehwise. Maintenance costs average between 5 and 
10 per cent of total installed cost of dryer including vacuum equipment. 

The following data are reported by Atwater and Borkland [Chem. & Mi 
Eng., 26, 226 (1923)] for a 6-ft. pan dryer jacketed on the bottom and sides. 
‘The dryer was operated at atmospheric pressure with a small blower exhaust 
to remove the vapors. In these tests the steam consumption was stated to 
Average 1.7 Ib. per lb. water evaporated; and the power used for the agitator, 
0.31 Вр. per 100 Ib. of wet charge. 


¥ water, wet basis 
П Charge, | — | Lb. water 
Material ag к= Minutes 
| Initial | Final 

Coat 35 | 26 | 10 76 17 
Sawdust 38. | 352 | 03 197 310 
јуриш $e | 162 0 96 62 
теу, 39 | 37 23 191 170 
16.0 02 ” 76 


Bind 55 | 


Rotary Dryers. Rotary dryers are applicable to the continuous drying 
Of granular, crystalline, or lumpy materials which are relatively free-flowing 
throughout the drying operation and which do not contain too large a propor- 
tion of dust. Materials dried in this way include inorganic crystalline salts, 
ores, coal, sand, sugar, oxalic acid, etc. 

A rotary dryer consists essentially of a rotating cylinder, mounted on 
rollers and inclined to the horizontal. [Smith, Ind. Eng. Chem., 30, 993 
(1938).] Material is fed in at the upper end and discharged at the lower. 
There are three common types distinguished by the manner in which heat is 
Supplied for drying: (1) the direct rotary in which fluo gases or hot air are 
Passed through the dryer in direct contact with the material and either 
countercurrent or parallel to its flow, (2) the indirect-direct rotary, in which 
heat is transferred from the gases both indirectly through the metal, walls 
апа by direct contact with the material, and (3) the totally indirect where 
heat is transferred solely through metal walls. 

In the direct rotary the rotating cylinder is.equipped with flights on the 
inner surface which serve to lift the material and shower it down through the 
hot guses, For performance data on single shell dryers using hot flue gases, 
see Alliott [J. Soc. Chem. Ind., 38, 1737 (1919)] and Horgan (Trans. Int. 
Chem. Engrs. (London), 6, 131 (1928)]. Various designs are offered to divide 
the cross-sectional area into segments to reduce dusting and grinding action 
in large diameter dryers. This type of rotary is operated with either counter- 
current or parallel flows of gases and material. Countercurrent flow gives 
greater thermal efficiency and is generally used but parallel flow is advan- 
tageous with materials which must not be heated to too high a temperature 
When dry and which must be dried to а certain final moisture content and not 
to complete dryness. Either steam-heated air or flue gases may be employed 
depending on the temperature-sensitivity of the material. 

The indirect-direot rotary is presented in a number of designs. In one 
the dryer, located in а brick-lined chamber, is heated externally by flue gases 
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which subsequently pass through the dryer cylinder (see Fig. 7). In another 
design the dryer is made up of two concentric cylinders, Hot gases past 
through the center cylinder and then reverse direction to pass through 
the annular space between cylinders countercurrent to, and in contact: witb, 
the drying material. In another design the heated gases pass through axially 
arranged ducts, attached to the inner surface of the dryer cylinder, before 
returning through the dryer in contact with the material. The application 
of this type of rotary dryer is the same as that of the direct rotary, with 
the possible exception of abrasive materials. It is thermally about 35 per 
cent more efficient and requires less space 

than a direct rotary dryer. 

The totally indirect rotary dryer is typi- 
fied by the steam-tube dryer [Bil], Ind. Eng. 
Chem., 30, 997 (1938)] in which the dry 
ing cylinder is fitted with steam tubes run- 
ning the length of the dryer along its inner 
surface, Other variations are possible 
where hot gases supply heat through the 
outer shell or through an inner concentric 
cylinder or both. This dryer typeisuseful 
where tho materials will stand a high temperature but no contamination from 
products of combustion, eg. clay or whiting. The steam-tube rotary is 
useful where materials require а well-regulated temperature during drying 
or where the material is too dusty for use in a direct rotary. 

In addition, there is the Roto-Louvre dryer, of comparatively recent 
development, in which hot air ie blown through louvers in the wall and up 
through the bed of material in the rotating dryer cylinder. Ву n special 
design the air is introduced only through the louvers covered Бу. ће material. 
This dryer takes less space, is more expensive, but exerts less degrading 
action on crysttl materials than a direct rotary dryer [see Erisman, Ind. 
Eng. Chem. 30, 996 (1938)]. 

"The rotary kiln is of similar design and operation to a direct rotary dryer, 
except for the absence of lifting flights and the brick lining of the inner walls. 
Tt is usually operated at a high temperature. In the kiln the drying operation 
is usually of secondary importance to the ronsting or calcining action. 

‘The size of a rotary dryer depends chiefly on three factors: (1) total amount 
of heat to be transferred per unit time, (2) permissible gas velocity through 
the dryer, and (3) thermal efficiency desired. A rough comparison of tho 
relative capacities of the various types of rotary dryers is given in the follow- 
ing table based on equal dryer volume and similar operating temperatures: 
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Enclosed single-shell rotary 
dryer. 


Relative Capacity 
Direct rotary TELE ~ ^ 10 
Indirect-direct (doubleshell),..................« 1.35 
Indirect (hot gases) auae 0.7 
Indirect (steam tube)... 1 RR Н 3.0 
Roto-Louvre..... $ 3 EE 
Air velocities through a dryer should be chosen conservatively sinee the 


quantity of material carried out varies as the second to fifth power of the 
velocity, depending on particle-size distribution. А conservative choite will 
allow for future increases in dryer capacity or changes in particle size of the 
feed. Air velocities vary from 50 to 100 ft. per min. for very dusty materiale 
to as high as 900 ft. ver min. for coarse materials. Dryer capacity varies 
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proximately as the 0.67 power of the mass velocity of the air (expressed ва 
Vends per square foot per hour). А Roto-Louvre dryer usually employs 
cities of 120 to 300 ft. per min. through the material bed. 
str general the highest air temperatures that the material and dryer con- 
ruction will stand should be employed so as to get highest thermal efficienc 
o Presentative efficiencies expressed as percentage of the total heat used to 
Vaporate moisture and heat material to exit temperature are given below. 


High temp. Low temp. 
Dryer (direct-firing), | (steam-heated 

= air), % 

Direct rolary........ | sem | зз 
Indirect-direct able shell) 75-85 ] 
Totally indirect (hot gases) 50-60 | 

‘Totally indirect (steam tube) | | 75-85 
ноот... НЯ | мы | 


‘The operating costs of a rotary dryer are generally lower than of other types 
of continuous dryers. Labor required for actual dryer operation, exclusive 
of material handling, is about 25 per cent of one man’s time. Steam con- 
“imption for a direct steam-heated air dryer is normally about 3 to 4 Ib. steam 
und water evaporated. Power is required for driving the fan, rotating 
and handling the feeding and discharging of the material. Empiri- 
cally the horsepower for a direct rotary (for dryer drive and fan) ean be 
Oxpreased ns about 0,50" (where D = dryer diameter, ft.). Of the total 
power, 20 to 60 per cent will be required for the fan, depending on air velocity 
and pressure drop of the system. Yearly maintenance charges will amount 
to 5 (0 10 per cent of the total installed cost of the drying equipment, 

Маше; turer's data on performance and operating costs are given in 

"bles 2 and 3. 

,, In the operation of а rotary dryer the following points are worth consider- 
ing: A uniform feed rato is important in securing dryer capacity and product 
Uniformity. Air leakage should be avoided. Dryer seals should be inspected 
frequently and adjusted so as to keep a tight seal both from the standpoint. 
of air leakage in and dust loss out. Sometimes two fans, one on the inlet, 
and one on the outlet, are serviceable in regulating the air pressure within 
the dryer at atmospheric pressure. Control of dryer performance is best 
accomplished by the temperature of the discharge material. Knockers are 
useful in preventing the sticking of materials to the walls in the wet end 
of the dryer. The handling of sticky materials can sometimes be aided by 
the partial recirculation of dried product. Uniform air distribution entering 
the dryer, both as to temperature and velocity, is very important. Often 
oversized air heaters, installed to accommodate maximum capacity, cause 
unequal temperature distribution when operated at low steam demands, 

“Can” or Cylinder Dryers for Sheet Materials. Materials in the form 
of continuous sheets are commonly dried on " can " or cylinder dryers, in which 
the sheet is heated by contact with revolving steam-heated cylinders, the 
water vapor being removed in a stream of air. The cylinders, which may be 
from 2 to 6 ft. in diameter and up to 20 ft. wide, are placed in two or three 
horizontal rows, one above the other, and the sheet passed over cylinders 
alternately in each row, The axes of the rotating drums are staggered, and 
the surfaces of successive dryers in the same row are close together, so that the 
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Aro of contact of the sheet with the drum is considerably more than а semi- 
firele, the total length of contact being usually from 50 to 70 per cent of the 
total length of the sheet in the machine. In pulp and paper dryers, the sheet 
is frequently held in contact with the rolls by an endless felt, which at the 
Same time absorbs moisture from the sheet and is itself dried. If, in drying 
Paper, the drums are all the same size and driven at the same specd, the 
tendency of the paper to shrink as it dries stretches the sheet and may cause 
шу to the product or breaking of the sheet. Elaborate electric drives have 
wen developed which adjust the speed of the rolls to allow for the decreased 
lineal speed of the sheet as it shrinks and so to overcome this difficulty. 

he framework supporting the drive and drum bearings is usually covered 
{ith а hood from which the humid waste air is exhausted to a stack or moni- 
tors on the roof. Condensation on the cool ceiling and consequent drip on to 
the sheet is thus prevented. 


Table 3. Operating Costs for Rotary Dryers* 


Эче Бойынын,‏ او وہ ا 
С type, direct | typo, Бо‏ 
Teated [^n hent‏ 
Data‏ 
Ammonium | Stone Kaolin‏ 
И moist: [ MD Por ^d 1.63 48 2‏ 
Tal moisture, ®. 0:16 03 2‏ 
Кр er he. AE. eios mos‏ 
Produced per hi. j‏ 
Shall Тако ре т. 4x30 | sx3oft воњ уоп.‏ 

‘ower, hp, . he. 2 7 41 
Manifucturer's реет 77707 Е #4700 $3200 $16,500 

tion cost (lncluding foundations, reducera, motors, 

ИЕН $1210 31490 $2280 
Gont atenn oF fuel, per hr. 30.354 $2.70 30.85 
st of power, por hr, м 30.18 30.357 $103 
Tabor charged to dryer, per hr и... 30:25. $030 50,55 

mated repair cot, per hr 3005 | и | фон 

operati ive of depreciation and intorest, 
И ее А MINI eect rene 
otal operating co; exclusive of depreciation and red 

Wer ton of eoduek erret 21 40.161 30.45 


У Manufacturers data, courtesy The Hardinge Company. 


The value of the coefficient of heat flow from steam to sheet is determined 
by the conditions prevailing on the inside and on the surface of the dryers. 
Our important causes of low coefficients are: (1) poor removal of air from 

е steam in the dryers, (2) poor removal of condensate, (3) the accumulation 
Of oil or rust on the interior of the dryers, and (4) the accumulation of a fiber 
lint on the outer surface of the drums. Опе of the best ways of removing 
air from the steam is to fit each drum with а small pet cock which is sligntly 
Opened all the time, although this method has the disadvantage that when the 
machine is shut down the operators may neglect to close the pet cocks, in 
Which саве air is sucked in and fills the drum, so that on starting up again 
time is lost in expelling the air. Short vertical pipes dipping nearly to the 
bottom of the inside of the drums are usually provided to siphon off the con- 
densate, but these pipes sometimes rust and break off, so that the drum runs 
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half full of water. Instead of the siphon pipe small buckets attached to the 
end of the drum on the inside may be used, which lift the condensate as the 
drum revolves, depositing it in an axial outlet. One reported test (Lewis, 
McAdams, and Adams, Pulp Paper Mag. Can., February, 1927, p. 122) on 
a sulfite pulp dryer, in which the actual sheet temperatures were measured, 
gave a value of about 33 B.tu./(hr.) (sq. ft.) (°Е.) for the over-all coefficient 
of heat flow from steam to shee 

‘The capacity of a dram dryer may be increased appreciably by the use of 
air jets directed at the face of the sheet across its width. High air velocity 
tends to reduce the air-film thickness on the suriace of the sheet and so {0 
increase the surface coefficient of vapor diffusion. With thin paper or textile 
sheets, surface evaporation is controlling throughout the drying, so that the 
use of high air velocity is of value not only during the constant rate period 
but also in the falling rate period. Such air jets should be directed only at 
the wet sheet and not across the bare dryer surface, as this would increase the 
heating of the air and decrease the heat economy. ‘The over-all average rate 
of drying obtained in a number of tests on paper dryers has been calculated 
из pounds per hour per square foot of effective dryer surface, as tabulated in 
Table 4. The results of в questionnaire regarding paper drying have been 
published by a committee of the Technical Association of the Pulp and Paper 
Industry, and include performance data from a number of mills on newsprint 
[Tech. Assoc. Pulp Paper Ind., 1T, 210 (1934)], writing papers [ibid., 19, 109 
(1930)], und miscellaneous papers [Paper Trade J., 103, No. 3, р. 20 (1936) 
Data on the performance of board and kraft paper dryers have been assembled 
by Stamm [Tech. Assoc. Pulp Paper Ind., 15, 208 (1932)] and by Montgomery 
[paper presented at the annual meeting of the Tech. Assoc. Pulp Paper Ind., 
February, 1988). 

‘The data collected in Tuble 4 also indicate the steam economy which may 
be expected with drum dryers drying newsprint.and bond paper. The heat 
required to heat the nir from room temperature to the exhaust temperatures 
varied from 134 to 520 and averaged 276 B.t.u. per Ib. water evaporated. 
However, the dryer should be charged with the heat required to heat this nir, 
not only from room temperature, but from the outside temperature to the 
exhaust temperature. ‘The outside temperatures were not reported, but 
assuming them to be 50°F. in each case (the tests were run between November 
and March), the calculated heat required to heat the air used from 50°F. to 
room temperature averaged 487 B.t.u. per lb. water evaporated, The total 
heat requirements in these tests therefore averaged about 1100 - 276 + 437 
or about 1800 B.t.u. per Ib. water evaporated. The steam requirement 
indicated is about 1.8 Ib. steam per pound of water evaporated, which may be 
compared with 1.67 which is the average of the measured values. The heat 
loss increases with, but is by no means proportional to, the amount of air 
used because when large amounts of air are used the exhaust temperature is 
much lower. This is made evident by a comparison of the values of pounds 
of air per pound of water evaporated, with the rise in air temperature above 
the room temperature. 

With dryers of this type most of the heat lost to the surroundings is recov- 
ered, because the air used is drawn in from the room. Practically all the 
heat supplied which not actually required to vaporize water from the 
sheet is represented by the sensible-heat content of the waste humid air above 
the fresh-air temperature. The steam requirements consequently vary with 
the season of the year, and the data relating to steam requirements given 
in Table 4 tend to be high because the tests reported were made in the winter 
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Slater and Warner [Mech.Eng., 44, 587 (1922)] report a test run on a newsprint 
dryer made when the outside-air temperature was 83°F., showing a steam con- 
sumption of 1.40 lb. steam per lb. of water evaporated, noticeably less 
than the average of 1.67 for the tests reported in the above table. The sheet 
speed was 650 ft. per min., and the average rate of drying, as pounds per hour 
per square foot effective surface was 2.73, which agrees with the above results. 

The same authors report the following data on the power requirements for 
such machines, the figures in each case being per 100 ft. per min. sheet speed: 


1, Modern high-speed, motor-driven machines, having four presses, 40 72-in. dryers, 
and operating at 700 to 1000 ft. per min., 25 to 30 hp. 

2. Turbine-driven machines, rope-drive transmission, three presses, 32 60-in, dryers, 
running 550 to 700 ft. per min., 30 to 34 hp. 

3. Engine-driven machines, Marshall drive, threo presses, 32 48-in. dryers, running 
350 to 600 ft. per min., 33 to 38 hp. 


A type of cylinder dryer operated under vacuum is the Minton paper dryer 
[Tech. Assoc. Pulp Paper Ind., 7, 1 (1924)] in which the paper sheet enters an 
enclosure surrounding the drum dryer of the usual type through specially 
dosigned seals which permit the passage of the continuous sheet but not the 
passage of air. 

Cabinet, Compartment, and Tunnel Dryers. Many types of dryers 
are fundamentally nothing but heated enclosures supplied with fresh air, 
sufficient humid air being exhausted to remove the water vaporized, ‘These 
may be intermittent in operation, in which case the material is placed within 
the dryer and left until dry, or continuous, in which case the material passes 
continuously through the dryer on trucks ог conveyors of various types. They 
may be self-contained or consist merely of a heated room or "loft." Various 
combinations are possible as to the manner in which the heat is supplied, the 
moisture removed, and the material loaded and unloaded. Between the 
obviously intermittent loft dryer and the tunnel dryer in which the material 
is passed continuously in а direction countercurrent to the flow of air, there 
are several intermediate combinations, For example, the tunnel dryer 
which different sections are operated at different air temperatures and humid- 
ities may be considered as several continuous compartment dryers, operated 
їп series. 

Loft dryers were formerly widely used and are still common in many indus- 
tries. They are usually poorly ventilated, and, as natural-convection cur- 
rents ure relied upon to provide air circulation, the material in different parts 
of the room is not dried at the same rate. Furthermore, the material in sight, 
of the steam coils tends to dry much more rapidly than that in the center of 
the mass. For these reasons they are being replaced by self-contained dryers 
provided with forced-air circulation. Fine writing paper, however, is still 
dried hung over poles and placed in heated lofts, as the strength of the prod- 
uct is better than when dried on the "can" ог drum dryer. 

The term ‘compartment dryer” refers to a self-contained heated en 
which may or may not be provided with forced-air circulation. In small 
laboratory dryers the material is placed on trays which slide into the drying 
abinet, where they remain until removed. In larger dryers the material on 
racks or cars is moved into the dryer through a large door, which is then closed. 
When dry, it is removed either through the same door, or through a similar 
door at the other side of the dryer. Granular or lumpy material is placed on 
flat trays, preferably with screen bottoms, which are stacked on trucks, allow- 
ing sufficient space between the trays for the air to pass freely over the mate- 
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Nal. The tray loading is from 1 to4 Ib. of wet material per square foot but 
Varies considerably with the difficulty of removing the moisture from the 
interior of the solid mass. The trucks are fitted with either flanged wheels 
and run on tracks, or with flat swivel wheels so that they may be pushed 
Anywhere on a factory floor. In the latter case, guide rails of channel iron 
йге bolted to the floor in the dryer to guide the truck through. When several 
trucks must be moved every time one truck is placed in the dryer, they may 
be moved mechanically by a chain 
drive. 

Compartment and tunnel dryers are 
usually heated by steam, although el 
tricity or hot products of combustion 
thay be used. ‘The dryer may operate 
ädiabatically, the fresh air being pre- 
heated and no heat being supplied with- 
in the dryer itself, or steam coils within 
the dryer may be used to reheat the air 
after passage over the material. ‘The 
Combination of a {тез preheater 
And steam coils within the dryer is com- 
mon. Тһе sir is caused to pass succes- Heating coils? 
sively over the coils and the material 
to be dried by natural convection, by 
Piechanical circulation, by circulation induced by water sprays or air jets, or 
by à combination of these methods. 

In dryers relying on natural-convection currents, the air distribution may 
be improved by the use of condenser coils which serve to cool und dehumidify 
the nir before its passage over the heating coils. One such dryer (Carrier 
"nd Stacey, Ind. Eng. Chem., 13, 438 (1921)] has condenser coila below а 
false bottom and steam coils attached to the walls behind а partition at the 
sides. ‘The air rises over the coils through the chimney-like space between 
the partition and the wall, being heated as it rises. Tt then passes down over 
the material stacked in the middle of the dryer, picking wp moisture and 
being cooled, and so down through the false bottom where it again comes 
in contact with the condenser coils. Moisture is there precipitated without 
krently cooling the main body of the air, which then passes up the sides over 
the heating coils again. 

The Tiemann lumber dryer (Tiemann, “The Kiln Drying of Lumber, 
Lippincott, 1917), shown in Fig. 8, utilizes both natural convection and 
induced circulation. . The lumber is carried on ears on parallel tracks, bei 
piled on the cars in such a way as to allow free air passage through the pile. 
Horizontal steam coils are placed beneath the floor, the air rising aver these 
up through the space between the two trucks and thence through the pile of 
lumber. It is then drawn down through vertical passages at the sides by 
ejector water sprays, passing through entrainment eliminators before coming 
Sain to the heating coils. ‘The humidity of the air in the dryer and conse- 
quently the rate of drying may be controlled by varying the temperature of 
the water used for the зрга Canvas flaps attached to the ceiling are 
Provided to prevent passage of air around the top, and so to ensure positive 
circulation of the air through the pile of lumber. 

As pointed out above, air velocity and humidity have little influence on 
the rate of drying when internal liquid diffusion is controlling, so that with 
Such slow-drying muterials as lumber the relatively slow natural or induced 


Fre, &.—Tiemann lumber dryer. 
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ciroulation is permissible. However, with a very large number of materials, 
surface evaporation is controlling over a large portion of the moisture-con- 
centration range, and positive circulation at relatively high velocities is 
necessary, not only to improve 

the surface coefficient of vapor Г} 
diffusion but to eliminate stag- 
nant-air pockets where the hu- 
midity is high and the rate of 
drying low. Such positive cir- 
culation is obtained mechani- 
cally, using propeller or disk 
fans or centrifugally housed 
fans, and the following ad- =| 
vantages are obtainable: (1) уе 
elimination of stagnant-air ieee 

pockets of high humidity by SR pallet АЕК 

the even distribution of air throughout the dryer, (2) high velocity of air 
over the wet surface of the material, with consequent high value of the sur- 
face coefficient of vapor diffusion, (3) positive removal'of moisture by displace- 
ment of definite amounts of hot humid air by fresh air. 

Many types of dryers using mechanical circulation obtain only the third 
advantage, because the circulating system is used only to supply frosh nir 
and to remove waste air from the 
dryer. In order to obtain the 
first two advantages, baffles must 
be provided which force the air 
over the material and prevent 
short-circuiting from inlet to out- 
let. A dryer particularly well 
designed for this purpose is the 
Gordon tray dryer (Carrier and 
Stacey, ор. си), illustrated in Fig. 
9. Ватев are во placed as to 
force the air over the trays in 
several passes and over steam | 
coils which reheat the air after Courtesy of Carrier TOIT av. 
each pass over the material. 

Figure 10 shows а diagram- 
matie end elevation of the Carrier ejector dryer in which circulation over 
and through the material on trucks is obtained by the use of air jets placed 
near the top at one side of the dryer. Air for the ejectors is supplied by an 
external fan to which some of the waste air may or may not bereturned. The 
air caused to circulate over and through the material by the ejectors is said 
to be from three to five times the amount of air actually handled by the fan. 
The diagram shows the end elevation of such a dryer, which may obviously 
be of any desired length, the ejectors being spaced at short intervals in the 
direction of the dryer length. Table 5 gives representative cost data for 
typical dryers of this type. 

Positive air circulation in the type of dryer illustrated in Fig. 10 may also 
be obtained by the use of propeller or disk-wheel fans instead of air ejectors. 
The is drawn through the trucks to the fan and then forced over steam 
coils and back over the tops of the trucks as illustrated for the ejector dryer. 
The fan handles all of the air circulating instead of only a fraction of it, but 


Carrier ejector dryer. 
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em Pressure drop of the air in circulating within the dryer is ordinarily much 
(35 than through the recirculating duets and the ejectors themselves in tha 
former system. Instead of returning over the tops of the trucks and circulat- 
ing continuously in the same direction, the air may be returned through the 
trucks at a point a little farther along the dryer, as illustrated in Fig. 4. ‘Thia 
Баште shows a modern tunnel-truck dryer holding 10 trucks, being divided 
1200 five sections by the ends of the trucks, which act as baffles, and by the 
tion of the fans, One fan is placed in cach section on alternate sides of 

he dryer, as shown, and the air caused to circulate back and forth over the 
material on the trucks and over steam coils placed between the fans and the 
Sides of the dryer. This system not only eliminates the false ceiling compart- 
ment for the return of the air, but, by continually changing the direction of the 
Aib provides for more even drying at the two sides of the dryer. The fan 
shafts protrude outside the dryer and pulleys are attached, which are driven 
Py belts connected to shafting driven by an electric motor. Fresh air ів drawn 
jî 8t опе end of the dryer and exhausted at the other end by means of a small 
blower or a stack. 


= Table 5. Truck-dryer Costs* 


Data 


4 | B 
‘Type... 
limber of trucks, 
oduct... 
Wet weight of fa 


Ejector | Ejector 
in nt 


Pigment Clay products 
1540 F 050 


b. per week. > E 


ТШШ moisture, wot baal, ...... нек 63.8% [4 
Approx, fist cost of dryer, : $1,640 313,300 
timated weekly fixed costs, Inoluding repaira, $ 37 | $ 3» 
timated weekly power costs, at 2 cts. per kw.-hr. s зв | $ 64/00 
mated weekly steam costs, at $1.25 per 1000 Ib. з 30170 | $ 315.00 
Weekly attendance, Aet t ny 5:00 10:00 
‘Total cost per week $ 44:27 | $ 41950 
{уем cost per Ib. water evaporated, cis. 0.52 935 
steam per Ib. water evaporated 2.95 225 


| 


* Manufacturers data, courtesy the Carrier Engineering Corporation. 


The vertical turbo dryer (Büttner system) is a continuous tray dryer, with 
‘tating shelves, from which the material is scraped to the tray next below, 
And across which heated air is circulated [see Weisselberg, Ind. Eng. Chem., 
30, 999 (1938)]. 

Continuous Screen Dryers, Continuous Sereen dryers include various 
designs, in all of which the hot air or gas is passed vertically through a bed 
ОЁ material carried on a vibrating or moving screen. The horizontal soreen 
dryer is the most common type. Material carried on screen passes through 
{series of sections in which air is recirculated up or down through the material. 
Euch section is equipped with fan and motor and heating coils in an arrange- 
ment similar to a tunnel dryer. One commercial design (D-L-O, Oliver 
United Filters, Inc.) employs hot gases (Irwin, Ind. Eng. Chem., 30, 1002 
(1938), Airis drawn in at one end of the dryer and exhausted at the other, 
thus approximating either parallel ог countercurrent flow. In the Aeroform 
dryer the paste is partially dried on а grooved-drum dryer and the preformed 
damp sticks then dried in a continuous screen-conveyor dryer. Hot air is 
blown through the bed of material in stick form as it moves through the dryer 
on the conveyor [Hurxthal, Ind. Eng. Chem., 30, 1004 (1938)]. 
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"The vibrating dryer consists of a horizontal or slightly inclined screen over 
which material is conveyed by the vibratory motion of the screen. Hot 
air or flue gas is passed vertically through the bed. In other designs the 
screen extends around the outer surface of a drum as with a top-feed filter, the 
material being fed on to the screen at the top of its revolution and hot air 
being drawn into the center through the bed of material. А positive rotary 
exhauster or high-speed centrifugal fan is employed to handle the air due to 
the high pressure drop through the filter bed. 

Conveying screen dryers are limited to relatively free-flowing, granular, 
crystalline, or preformed materials. A bed of the material must be suffi- 
ciently porous to permit passage of air at reasonable velocities and pressure 
drops. Representative materinls are cotton linters, cellulose acetate, viscose 
rayon, and tobacco for the horizontal conveying screen dryer; lithopone, 
white lead, and lead and calcium arsenates for the Aeroform dryer; coal 
and sugar for the vibrating screen dryer; and crystalline and granular mate- 
rials which fall within narrow size limita and do not require such long drying 
times as for the crystal filter dryer. 

"The horizontal screen dryer is generally fabricated in a multiple of standard 
units. The approximate dimensions are as follows: 8 to 9 ft. high by 11 to 
16 ft. wide by 4 to 7 ft. long (depending on the manufacturer); and the unita 
house a screen 8 to 9 ft. wide by 4 to 6 ft. long each. Thus any desired length 
of screen can be obtained by arranging the units in series. The crystal 
filter dryer varies in size from 3 ft. diameter by 1 ft. wide to 6 ft. diam, by 4 ft. 
wide, 

The capacity of these dryers varies with the moisture content of feed and 
discharge, the air temperature, air velocity, and particle size of material, 
The following table gives the range of capacities to be expected as well as of 
certain operating variables when drying granular materials: 


| 


H:O/(hr.) 
(br) | iv, |eieorange| loading, | through 
(eq. Ft) seam} rin, | mesh | Зла | material, 

seated air | | materia 


е: kn | 
| 0.2-3.0 | 150-250 


feos 1-0 | 250-750 
Crystal filter... ШЫ 10-03 


‘Thermal efficiencies vary considerably within this group. The horizontal 
conveying sereen with recirculating air will show efficiencies ranging from 
50 to 70 per cent for materials with considerable moisture and as low as 15 
per cent when drying to nearly complete dryness. The vibrating dryer and 
crystal filter dryer also show thermal efficiencies of 15 to 50 per cent. 

Operating costs vary widely also. Depending on moisture content, steam 
consumption varies from 1.8 to 8 lb. steam per pound water evaporated. 
Power requirements approximate 0.1 hp. per ка. ft. for the horizontal con- 
veying screen, 0.5 hp. per sq. ft. for the vibrating dryer, and 0,5 to 2.5 hp 
per ва. ft. for the crystal filter dryer. Yearly maintenance averages about 
10 per cent of installed costs. Labor requirements vary depending on 
the time required for adjusting feed and handling the discharge material. 

This group of dryers have the following advantages: material is dried more 
rapidly than in tray dryers; it is not subjected to mechanical agitation or 
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ш little dusting occurs; the dryers are flexible ав to capacity and 
ceatinuous operation; and insoluble impurities are distributed uniformly 
ЭТ all particle surfaces and are not concentrated over a limited surface aa 
mien sir is passed over a bed of material. The dryers are, however, limited 
of qDblication to definite particle size and drying characteristics; uniformity 
ana Ying is difficult to obtain unless material is dried to equilibrium dryness; 
ind the extent of drying is more difficult to determine by any continuous 
surement such as by air temperature. 

ъ„ўй©чшша Tray Dryers. Vacuum tray dryers are employed for the 
Patch drying of temperature-sensitive or easily oxidizable materials which 
Would otherwise be handled in atmospheric tray dryers. Such a dryer 
Onsists of a vacuum-tight chamber constructed generally of cast iron or steel 
Plate sud equipped with hollow shelves on which the trays of material rest. 
Steam, hot water, or other medium is used to heat the shelves, Auxiliary 
equipment includes a vacuum system (steam jet or pump) and suitable 
Condenser, 

Vacuum tray dryers vary in size from 1 to 20 heating shelves with total 
tray surface of 2 to 2000 sq. ft. The larger dryer chambers have over-all 
dimensions of 9 ft, wide by 18 ft. long by 12 ft. high. 

The evaporative capacity of a vacuum tray dryer depends on several 
factors, the most important probably being the moisture contents of the feed 
"hd product and allowable temperature of the heating medium. Usually 
the drying cycle consista (1) of a constant rate period where the temperature 
Of the material is at the boiling point of water or solvent at the absolute 
Pressure prevailing in the dryer and (2) a period in which the rate of evapora- 
tion falls off and the temperature of the material rises toward the temperature 
Of the henting medium. Tt is estimated roughly that an over-all heat transfer 
coefficient of 1 B.t.u. per hr. per sq. ft. tray surface per degree Fahrenheit 
temperature difference is usually obtained, equivalent to an over-all rate 
Of evaporation of 0.03 to 0.2 Ib. water evaporated per hour per square foot 
tray surface, High rates apply to high-moisture content materials and low 
rates to low-moisture content materials carried nearly to complete dryness 
[see Ernst et al., Ind. Eng. Chem., 30, 1119, 1122 (1938)]. 

The thermal efficiency of vacuum tray dryers is usually 60 to 80 per cent. 
Fuel requirements vary from 1.2 to 1.7 lb. steam per pound water evaporated 
for high-moisture-content materials. Power is required only for the vacuum 
System. Annual maintenance costs are 5 to 10 per cent of the total installed 
cost, Labor is high but depends on the drying time, facilities for loading and 
Unloading trays, ete 

Vacuum tray dryers have the same advantages and disadvantages as an 
Atmospheric tray dryer with the following exceptions: there is little dusting 
during the drying; volatile solvents may be easily recovered by the use of a 
Suitable condenser; and explosive mixtures of solvent and air are avoided. 
Power consumption is higher in a vacuum tray dryer and initial installation 
costs nre higher. 

Some of the points to be observed in the operation of à vacuum tray dryer 
are the following: The trays should be kept as flat as possible to obtain 
Maximum aren of contact with the heated shelves, Preferably the heating 
medium should not be applied to the shelves until after the vacuum has been 
produced in the dryer to prevent overheating or boiling over of the material 
A the start of drying. A free space above the material in the tray should 
be left to allow free removal of vapors, Air vents should be placed in the 
steam exhaust. Shelves should be kept free of scale and rust. А thermom- 
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eter in the discharge vapor line (or observation of drip from a condenser) 
gives a good indication of the progress of the drying. 


EQUILIBRIUM OR HYGROSCOPIC MOISTURE 


‘The water retained by a solid in equilibrium with air at a definite humidity 
termed the “equilibrium, or hygroscopic water content." 16 is also called 
regain" b3cause of the tendency of thoroughly dried solids to absorb water 
from air until the equilibrium value is reached. The hygroscopic moisture 
is usually expressed as percentage water, dry basis, as a function of the per- 
centage relative humidity of the air, a plot of these two variables giving a 
typical S-shaped curve for nearly all solids. Data for papers, textiles, and 
& variety of miscellaneous solids are given on pp. 1088 to 1092. 

Besides being of value in determining the necessary drying conditions near 
the end of the drying process, data on equilibrium water contents are of value 
in estimating the water acquired by materials in storage. Mildew fungi will 
thrive in still atmosphere only at relative humidities above 75 per cent, so 
that drying below 8 per cent water is sufficient to prevent such deterioration 
in most organic materials. 


DRYER CALCULATIONS 


‘The general process of air-drying а solid may be divided into the separate 
processes of first getting the water to the surface of the solid and evaporated, 
and, second, removal of the vapor by a stream of air. Similarly the calcula- 
tions in connection with the design and operation of a dryer may be divided 
into two groups: first, those having to do with the estimation of the time of 
drying and the effect of the variables which influence the rate of drying; and 
second, the calculation of the heat requirements and the air quantities required 
to carry away the water vapor formed. The first group of calculations require 
а knowledge of the mechanism of drying of the given solid and have been 
discussed in the first part of this section. The second group involve problems 
in ventilation, requiring а knowledge of the psychrometrie relations for air 
and water vapor, which are best expressed graphically in the form of a stand- 
ard humidity chart, 

Use of the Humidity Chart (see also pp. 1084 to 1085). The use of the 
proper type of humidity chart is most helpful in calculations of the air and 
heat quantities, and drying conditions in a proposed dryer. A form of the 
Grosvenor chart, in which humidities are expressed as weight of water per unit 
weight of dry nir, is reproduced below, and the method of using it explained. 
‘The several terms employed in connection with the humidity chart are first 
defined, 


Humidity (Л) is the number of pounds of water carried by 1 Ib. dry air, ‘The 
saturated humidity is the humidity when the air is saturated with water vapor, Liu 
when the partial pressure of water vapor in the nir is equal to the vapor pressure of 
watar nt (he same temperature, ‘The percentage absolute humidity is the humidity 
as a percentage of the saturated humidity at the same temperature, which is somewhal 
lower than the percentage relative humidity, the latter being the partial pressure 
of water vapor in the air as а percentage of the vapor pressure of water at the same 
temperature. 

The dewpoint is the temperature at which a mixture of nir and water vapor is 
Saturated with water vapor, ie., the temperature at which the saturated humidity is 
equal to the humidity of the given air-wetor vapor mixture, 

The humid heat is the specific heat of humid air on a basis of a unit weight of the 
dry air, Że., the hent required to raise the temperature of 1 Ib. dry air plus fae water 
vapor which it contains, 1°F, 
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‘The humid volume or specific volume is the volume in cubic feet of 11b. dry ait 
plus the water vapor which it contains and is the reciprocal of the humid density- 
‘The saturated volume is the humid volume at saturation. 

"The wet-bulb temperature is the equilibrium temperature which is assumed by ® 
water surface when all of the heat necessary for the vaporization which is taking place 
is received by conduction through the same surface-air film through which the water 
vapor diffuses back out into the air. For saturated air, the air temperature, or dry-bulh 
temperature, the wet-bulb temperature, and the dewpoint are identical. 
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Figure 11, р. 1515, shows a humidity chart for normal barometric pressure 
on rectangular coordinates, giving the relations between the several quantities 
defined abov: 

‘The family of curves concave upward show the relation between humidity 
and temperature, each curye being for a different percentage relative 
humidity. The highest of these, marked "saturation curve,” represents 
the humidity-temperature relation for saturated air. The group of lines of 
flat negative slopes ending at the left at the saturation curve are the adiabatic 
cooling lines and serve two very useful purposes, First, they indicato the 
relation between the wet-bulb and 
dry-bulb tem peratures and the 
humidity; for example, the humid- 
ity may be found from the wet-bulb 
and dry-bulb temperatures by 
following down the adiabatic cool- 
ing line which meets the saturation 
curve at the wet-bulb temperature, 
to the vertical line representing the 
dry-bulb temperature, at which 
point the humidity is read from 
the scale at the left. Second, the 
adiabatic cooling lines indicate the 4 
relation between the humidity and P! 12—Humidity-temperature relations in 
temperature of nir being adiabat- 
ically cooled or heated in contact with water or a wet solid. Thus the change 
of humidity with temperature in a truly adiabatic dryer can be seen by follow- 

ng ап adiabatic cooling line up toward the saturation curve, starting at the 
point representing the humidity and temperature of the fresh hot air. 

"The straight line of flat positive slope shows the specific volume of bone-dry 
air, as cubic feet per pound plotted va. temperature, and the curve immediately 
above it is the similar relation for saturated air. It should be noted that 
the ordinates of this second curve of saturated volume are in terms of cubic 
feet of mixture (air plus water vapor) per pound of bone-dry air. The apecifio 
volume of air of various humidities may be determined by interpolation 
between these two curves, or by multiplying the saturated volume at the 
dewpoint by the ratio of the absolute temperature to the absolute tempera- 
ture at the dewpoint. 

‘The steep straight line at the left of the chart shows the relation between 
the humid heat (upper scale) and the humidity (scale at left). Tt should 
be noted that the definition of humid heat is heat capacity per pound of 
bone-dry air, Sensible-heat quantities are calculated by multiplying the 
humid heat by the weight of bone-dry air and the temperature change. * 


* Some humidity charts omit the humid-heat line but show а curve of the total heat 
of saturated nir above an arbitrary datum temperature, which is of general application 
because the total heat of air at any temperature and humidity is the sume аз the total 
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For convenience, а line for the latent heat of vaporization is also shown 
plotted against temperature, the scale for the latent heat being at the right. 

Humidity-temperature Relations within the Dryer. As pointed out 
Above, the adiabatic cooling lines on the humidity chart indicate the relation 
between the temperature and the humidity of air passing through a truly 
Adiabatic dryer, i.e., one in which all of the sensible heat given up by the air 
11 Cooling goes to evaporate water from the wet stock. Referring to the 
diagrammatic humidity chart shown in Fig. 12, where AB is one adiabatic 
cooling line, it follows that air entering an adiabatic dryer at a temperature 
h под а humidity Н will cool following this cooling line toward the point A. 
Ait leaving with a humidity Hs will consequently have cooled to ts, the we 
bulb temperature of the air throughout the dryer being tw. Because of heat 
loss to the surroundings the operation is seldom truly adiabatic, and the final 
temperature is somewhat lower than ts, во that the true humidity-temperature 
relation is represented by the line b, having a smaller slope than the adiabatic 
cooling line. The ratio (h — t)/(t — В) then gives a measure of the heat 
efficiency of the dryer. For the case of dryers containing steam coils and 
which are maintained at a constant temperature, the humidity-temperature 
relation is obviously represented by the vertical line ¢, assuming the initial 
and final humidities to be Hi and Hs as before. The heat supplied within the 
dryer itself is usually less but may be greater than the total heat requirements 
of the dryer. Tf less, the cooling is indicated by some such line as d; and if 
Breater, by в line such as е having a positive slope. 


Ёхатрїеб. А dryer is to be designed to produce 1000 1b. per hr. of produet containing 

per cent water from а wet feed containing 42 per cent water (wet basis). Fresh air 
At 70° with n relative humidity of 40 per cent will be preheated to 200*F. before entering 
the dryer, and will leave the dryer with а relative humidity of 60 per cent. Assuming 
the dryer to operato ndiubatically, calculate: (а) the eubie feet per minute fresh air at 
7071.2 (b) the hent supplied the preheater as B.t.u. per hour, 

Solution, The humidity of air at 70°F. with а relative humidity of 40 per cent is 
found from the humidity chart to be 0.006, | This air is preheated to 200° without chang- 
ts humidity and in passing through the dryer cools, following parallel to the nearest 
adiabatic cooling line on the chart to the 60 per cent relative-humidity curve, at whioh 
Point its humidity and temperature are seen to bo 0.028 and 103°F., respectively. 
Ench pound of dry air consequently picks up 0.028 — 0.006 = 0.022 Ib, water vapor in 
Passing through the dryer. The evaporation is 


1000 > 000104368) — (46001 = 655 Ib. water per hour 


And the nir required to carry away this water vapor is 

=a Ms 

(0.023 % 60) 

By interpolation between the specific-volume curves for dry and for saturated air at 

ТОЗ, the fresh nir is found to have a specific volume of 13.4 ou. ft. per Ib. dry айг. The 

Volume of fresh air required is therefore 13.4 X 496 = 6660 см, ft. per min. "The humid 

heat of the fresh air is found from the humid-heat line to be 0.243 and the heat required. 
in the preheater is consequently 


0.243 x 400 х 60 X (200 — 70) = 041,000 B.t.u. per hr. 


= 4961. per mi 


‘The heat requirements of such а dryer neglecting heating of the solid and of the trucks 
nnd neglecting radiation loss to the surroundings would consequently be 941,000/655 
or 1440 B.t.u. per lb. water evaporated. 


heat of saturated nir at its wet-bulb temperature, J The humid-heat line is more gener- 
ally’ applicable, however, and calculations using it are believed to be more accurate 
than values read from а total-heat line on в small chart. 
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Example 7. Repeat the calculations of Example б for a similar dryer, but assuming 
the air to enter the dryer at 150°F., and sufficient heat to be supplied within the dryer 
itself to maintain the air temperature at 150°F., at which temperature it will leave with 
в relative humidity of 60 per cent. 
Solution, From the chart, the humidity of the air leaving at 150°F. with a relative 
humidity of 60 per cent is seen to be 0.111. The air required is therefore 


655 ^ 
GG 0000555 = 104 1b. per min: 


or 104 X 13.4 = 1392 on. ft. per min. fresh 
The heat required in the preheater is 


— 70) = 121,000 B.t.u. per br. 
Assuming the stock to enter at 70°F., the heat required for evaporation is equivalent to 
that required to heat the water to 150*F., plus that required to evaporate it at 180*F., 
no matter what the actual temperature of evaporation may be. Thus, the heat 
supplied within the dryer will be 


û55 X (80 + 1007) = 712,000 B.t.u, per hr. 


Neglecting heat to heat the trucks and dry solid, and radiation losses, the total heat 
requirements of this dryer will be 


Елите 8. А dryer is to produce 800 Ib, per hr. of a product containing 10 per 
water from a feed containing 60 per cent water (wet basis). In order tc produce 
desired drying conditions the air will be supplied to the dryer at 21291. with a dewpoint 
of 111°F,, and leave at 164°F, with relative humidity of 50 per cent, Part of the waste 
humid air will be recirculated and mixed with fresh air entering at 70°F, with a relative 
humidity of 52 per cent before being reheated. Again neglecting heat loss by radiation 
and the heat required to heat the trucks and the dry solid, calculate the air and beat 
requirements of the dry 

Solution, "The rate of vaporization of water is 800 X 0.90 X [(6%40) — (1960)] = 
1000 Ib. per hr. From the chart, air having a dewpoint of 1117, is seen to have m 
humidity of 0.060, and the nir leaving at 154°Е, with a relative humidity of 50 per cent. 
has u humidity of 0.100. The air required is therefore 


1000 
(0.100 — 0.060)60 


= 416 Ib. per min, 


The fresh air enters with a humidity of 0,008, so if = represents the fraction of the waste 
air recirculated (оп a bone-dry basis), then from a humidity balance 


0.1002 + 0.008(1 — =) = 0.080 


whenoe 2 = 0,505, i. 5 per cent of the waste air is recirculated and mixed 
fresh air. The fresh air will be (1 — 0.565) X 416 = 181 lb. per min., and, sini 
specifi volume of the fresh air is 13.4 си, ft. per lb., the volume of fresh air required 
will be 181 X 13.4 = 2425 cu. ft. per min. at 70°F. ‘The total heat requirements of 
Auch a dryer are most easily calculated as the sum of the heats required to heat the water 
and form vapor at 154°F., plus the heat to heat the fresh air from 70° to 154°R., же. 


1000(84 + 1005) + 0.243 X 181 X 60 X (154 — 70) = 1,311,000 B.t.u. per hr. 


or 1311 B.t.u. per Ib. water evaporated. 

Example 9, 6000 lb. per hr. wet filter cake containing 26 per cent water (dry basis) 
is to be dried to 3 per cent water (dry basis) in a countercurrent tunnel-truck dryer, 
using «това circulation of air over the trays. The dryer will utilize thermostatic control 
instruments to maintain a constant air temperature of 145°F, ‘The fresh nir will enter 
the preheater 50 per cent saturated at 70°F., and leave the dryer at an absolute humidity 
of 70 per cent. ‘The cake will be placed on trucks on screen-bottom trays, 4 Ib, dry саке 
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per square foot of tray area and 240 sq. ft, of tray surface per foot of length of the dryer. 
Calculate the required dryer length. 

Nore, The critical moisture content may be taken as 10 per cent (dry basis) and the 
Sauilibrium moisture may be assumed negligible under the conditions at the air entrance. 

8 air velocity over the trays is sufficient to obtain a surface coefficient of heat flow 
from nir to stock of 2,5 B.t.u./(hr.) (sa. ft.) (°Е.) for both upper and lower surfaces of 
the cake, 

Solution, Since the weight of dry cake is 2 Ib. per sq. ft. exposed wet surface, the 
evaporation per square foot is 2 X (0.26 — 0.10) = 0.32 Ib. in the constant rate period 
and 2 X (0.10 — 0.03) = 0.14 Ib. in the falling rate period, The humidities of the air 
entering and leaving the dryer are found from the chart to be 0.008 and 0.125, respec- 
tively. Since all of the water leaving the stock is picked up by the air we may write 


GU: — Hi) = ROW: — WD [7] 


Where G and R are the pounds per hour of bone-dry nir und of bone-dry stock, respec- 
у, H is the air humidity, W the pounds of water per pound dry stock, and the sub- 
ipts, 1 and 2 refer to con- 
ditions nt the air entrance 
and exit respectively. This 
indicated linear relationship 
between HT and W is ilus- 
trated in Fig, 13, which 
shows the nir temperature 
and humidity plotted against 
the water content of the 
material, The humidity at d 
the critical point (10 per cent 3 
Water) is found from this 
blot to be 0.044, und the co 
responding wet-bulb terpes 
ature at 145°P is found from 
the humidity chart to be 
107.7°F, The wet-bulb tem- 
perature at any other point 
in the dryer may be deter- 
mined {п a similar manner 0 
and plotted re. water content 2 D Water D 50 
of the solid as shown in Fig. deg - 
13. Neglecting heat flow to Fro. 13.—Conditions in dryer of illustrative design problem, 
the cake by radiation or con- 

duction from adjoining dry surfaces, the wet surface in the constant rate period may be 
assumed to be at the wet-bulb temperature, (The rate is not constant in this period 
because of changing nir humidity.) The temperature difference between air and solid at. 
the critical point is consequently 145° — 107.7° = 37.3"F. and at the air exit 145° — 
134,79 = 10.3°Р.; the logarithmic mean temperature difference is 21.0°F. Assuming а 
latent heat of 1020 B.t.u. perlb., the time required in the constant rate period is 


EM 


з 8 
Temperature, Deg. F. 


x 100) _ (2) = 4.55 per sent pec hia 
de 


Assuming the rate of drying in the falling rate period to be proportional to the free. 
Water content, 


(2) = —1000(0y — We) = —C(0 —0) = 4.53 
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from which 8, the time 
therefore, 6.2 + 2.7 = 


‘or the falling rate period, is 
9 hr., and 


The dryer length = — 
› gti i 
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(8.9 X 6000) 
( 


Consequently € = —0.453, and Eq. (4) may be written 


on the Dry Basis 


hr. 


"The total time of dryin 


= ft, 


Table 6. Approximate Critical Moisture Contents Obtained on thé 
Air-drying of Various Materials, Expressed as Percentage Water 


Critical 
moisture, % 


Btannie tetrachloride sludge 
White lead 

Whiti ч 

Gelatine, initially 40092 water 


Material Thickness, 
Sulfite pump (pulp lap) 0.039 
Sulfite pulp. 0,25-0,75 
Paper, white бае 0.0075 
Fine book. 0,005 
Coated. 0.004 
Newsprint 
Beaverboard: 017 
"Сабах... 044 
Poplar wood. 10165 
Wool fabric, worsted | 
Wool, undyod sorge. | 
Sole leather 0.35 
Chrome leather. 0.04 
Sand, 50-150 mesh |20 
Sand, 200-325 mesh 20 
Sand, through 325 mesh |20 
Sea sand (on trays) 10:25 
05 
0.75 
|10 
|20 
Brick clay 10:62 
Plastic day brick mix 20 
Flint lay refractory brick mix 20 
Silica brick mix 20 
ish china clay |! 
Kaolin | 
Bubeail, ciay fraction 55.452 
Subecil, much higher clay content 
Barium nitrate crystals, on trays io 
Carbon pigment 1 
Conner атм, (а шуй ali 
ron blue pigment, (on trays 0.250 
Таба red... 1 
Lithopone press cake (in trays) 0.25 
0.50 
0.75 
10 
Niter cake fines, on trays. 5 
Prussian blue 
Pulp lead, initially 1405; water. 
Rock salt (in trays) 0 


125 
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Table 7. Approximate Temperature and Time of Drying of Various 


Materials 
рат 
Apples, sliced. E vM 
ans 
Blankets, 
Brick, common, 
Cabbage, raw 
Candied ped 
Carrots, raw. 
Casein, on trays in tunnel dryer 
Cement sacks 3 
Coconut 
осн аг mats 
Cotte à 
Cores oil sand, for molding Vi ia thick 
3 in. thick 
| Vo in. thick 
Cotton linters. 
Feathers x 
Films, motion picture, on drums 
Hun 
lue, bone, thin sheets on wire trays 
Clue, kin, € 
Glue sie on furniture. 
Gut. 
Gypeum wallboard {start wet 
Gypsum valor {sh у 
з, оп poles 
Hides, itin... 
Hides, heavy. 
Hope 
Leather, ic sole 
Lumber, Vein. oak ar EE 
[ouk 30-125 | 3-4 weeks 
green hardwood 100-80 | 3-180 days 
тееп softwood | 160-220. | 2-14 days 
foftwood, 1 in. tick | 25 35 daya 
Macaroni 30-180 
Мое 140-180 
Milboard shoei, ex a 
Molds, green sand, cast-iron Baska, one surface only exposed. | 
Bin. thick DEUM T: 
"о | Вы 
5140 | Hr. 
|. 5 2 he. 
10 24 hr. 
150 ohn. 
Potatoes, sliced. ЕЈ oe 
Potatoes, steamed ow ey, 
Pottery n. Гы 
Rags | № 
Ramie fiber | ж 
Rubber ту 
Sand, lose, Ї in. фер. zu 
Slade cloth | 12 
120 
100-125 
110 
| 180-200 
1 180-220 
Sugar. | 150-200 
‘Tannin and other chemicals, spray dried quee 
"Terra cotta. [сат] 
Tobacco, leaf. 50200 
Tobacco stem. 100-250 
Wallboard 7 ^ш 
340 


Wool d 105 
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отв, Ў In thesolutión on page 1519 the neglect of heat flow to the material by radintion 
and by conduction from the trays introduces an unknown factor of safety, because the 
actual. surface temperature will be somewhat above the wet bulb. Although this 
decreases the temperature difference, the rate of drying is actually greater, because of 
the increased vapor pressure of water at the surface, A second factor of safety із 
introduced into the design by determining the constant C from the rate of drying at the 
critical point. If unsaturated surface drying is of importance in the falling rate period, 
humidity will have an effect, and, as the average humidity of the sir in this period is 
less than at the critical point, the time for the falling rate period will be somewhat less 
than calculated. 


DATA ON CRITICAL MOISTURE CONTENTS AND DRYING 
CONDITIONS FOR VARIOUS MATERIALS 


In spite of the importance of the critical moisture content of solids in deter- 
mining the time of drying and the most suitable drying conditions, very few 
data are available as to the value of the critical moisture for various materials. 
‘Table 6 shows such data collected from various sources for a number of differ 
ent common materials, but it should be emphasized that where possible the 
drying characteristics of the sample to be dried should be determined by 
suitable laboratory tests. The values tabulated are approximate at best, 
since the critical moisture content varies not only with the material but 
with the rate of drying and with the initial moisture content, E] 

Tt appears that thé constant rate period ends when the moisture content 
at the surface reaches some specific value. If the rate of drying is great, 
the moisture gradients within the solid will be steep and the average moisture. 
content considerably greater than that at the surface, It is for this reason 
that the critical moisture content (average through the material) increnses 
with increase in rate of drying. 

Table 7 indicates the approximate time of drying for в large number of 
miscellaneous materials when dried at the temperatures indicated. Obvi- 
ously the drying times in such n tabulation are only approximate, and will 
vary with the thickness or loading of the material on trays, the air velocity 
over the material, the air humidity, and other variables ав discussed above. 


П. THE DRYING OF GASES* 


Tt is frequently necessary to remove practically all of the water vapor from 
air or other gas which is to be liquefied or used in a chemical process, where 
the presence of more than slight traces of water vapor must be avoided. Air 
to be liquefied must be dried because of the stoppage of the tubes of the heat 
exchangers by ice when the air which is being cooled contains water vapor. 
‘The drying of air usually refers to the much more complete removal of wat 
vapor than is accomplished by dehumidification. Four important method 
[Holden, Chem. Met. Eng. 28, 801 (1923). Quarendon, Ind. Chemist, 18, 279 
(1939)] of drying gases, namely, by reagents, by compression, by refrigera- 
tion, and by adsorption, are discussed below. 

Reagents. The common laboratory method of drying gases by conta 
with solid or liquid reagents having marked affinity for water may also 1 
used on a plant scale. Although equilibrium between gas and reagent may 
not be obtained practically, the equilibrium relationship is a criterion of the 
degree of moisture removal possible with a given reagent. Table 8 (see also 
р, 1118) gives the moisture concentration of air in equilibrium with a number 
of different, materials, in milligrams of water vapor per liter of gas dried at 
25°С. ("International Critical Tables," vol. 3, p. 385, McGraw-Hill, 1928). 
* See Sects. 9. 10, and 11. 
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Solid reagents should be packed in vertical pipes or columns, and the gas 
passed evenly through the mass of the lumps or granules. With packed 
horizontal tubes, channeling along the top of the passage reduces the capacity 
and efficiency of the apparatus (for data on pressure drop in packed tubes, 
kee Sec. 6, р. 771, and Sec. 10, p. 1119). Lump absorbents, such as fused 
KOH, CaCls, anhydrous calcium sulfate ("Реге"), or magnesium per~ 
chlorate ("Anhydrone"), are best supported in perforated bucket-like 
containers which fit inside a tower of small diameter and rest one upon the 
other. Unless supported in some such manner, the material packs down as 
it absorbs water and melts, forming a dense mass through which it is very 
difficult to force the gas.* 


Table 8. Milligrams Water Vapor per Liter of Gas Dried at 25^C. 


Abroxitiataly equal to the equilibrium vapor pressure of water in millimeters mercury. 


A filter at — 1947C. СаО. 02 
HONO | <2 X 10-5 | Granulated Саб. 0.14 150.25 
Fused KOH. | 70.002 95.1% Н 03 
Ан, ~ | oo Fused CaCl, | 0536 
неби: 0:005 |тасв.. | 98 
MgO... | 0.008 CuSO 14 
Тво ‘Nai | vé 


When liquid absorbents are used, the gas should either be passed through а 
Spray of the reagent or passed up through a tower packed with a suitable 
backing of large surface over which the liquid is distributed (sce р, 1197). 
Sulfurie acid may be used in a packed column, but, besides the usual diffi- 
culties of handling an acid, cooling coils must be provided to remove not only 
the latent heat of condensation of the water vapor, but the very appreciable 
heat of solution of the er in the acid. A strong aqueous solution of 
lithium chloride is quite effective and less corrosive. It may be regenerated 
in steam-heated evaporators. In using any liquid reagent entrainment must 
he avoided because of possible contamination of the material being dried. 

А process for drying city gas has been developed, using glycerin as a drying 
agent, the diluted glycerin being reconeentrated in a small vertical-tube 
aporator and reused. Various types of gas washers may be employed and 
the glycerin loss may be made very small. The plant [Tupholme, Gas Age- 
Record, 63, 311-318 (1929)] is said to reduce the dewpoint from 62.59 to 27°F, 
Af an estimated cost of 0,3 et. per 1000 cu. ft. of gas treated. In a plant 
handling 1,000,000 eu. ft, of gas per 24 hr., the costs are estimated at $1.30 
per day for depreciation, and $1.95 per day for steam, cooling water, and 
maintenance. Ethylene glycol is quite hygroscopic and may be used in place 
of glycerin. 

Compression. Air may be dried by compression, since the humidity of 
saturated air at a given temperature decreases rapidly as the total pressure 
is increased. This is illustrated by Table 9 which shows the saturated humid- 
ity of air at 68°F., as a function of (he total pressure. If the air is initially 
unsaturated, it is first saturated by compression before any condensation 
takes place. In ordinary adiabatie compression the air, which is heated in 
the compressor, is cooled in an after-cooler, where condensation takes place, 

Leaving the after-cooler the sir tends to be supersaturated, containing water 
as а mist or fog and should be passed through a mist separator before being 


* See also Вес, 9, p. 1079. 
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dried further by other means. This is especially important where chemical 
towers containing such reagents as lump KOH are used, as these towers act 
аз separators, and the water thrown out dissolves the reagent which is then 
rapidly used пр. 


Table 9. Saturated Humidity at 68°F. 
Saturated Humidity, 
Pressure, Atm, Lb. Wator per Lb. Dry Air 


When the desired percentage condensation of the water vapor in the air is 
low, compression cannot compete on а cost basis with dehumidification. For 
higher percentage condensation, the required pressures involve equipment and 
power costs which are ordinarily prohibitive; consequently drying by com- 
pression is not resorted to, unless the gas must be compressed for a later step 
in the process, 

Refrigeration, By cooling air well below its dewpoint by means of brine 
or ammonia expansion coils, it is possible to condense most of the water 
content and greatly reduce its humidity. Thus, the saturated humidity of 
air at 11°F. is only about 10 per cent, and at —20°F, is less than 2 per cent 
of that at 68°F. Difficulty is encountered in drying to low humidities, how 
ever, because of the formation of ice on the cooling surfaces, and the conse- 
quent necessity of a frequent shutdown of part of the coils во that this ico 
formation may be thawed, The ico acts вв а thermal insulator and the surface 
temperature at which condensation takes place is therefore considerably 
above the temperature of the cooling medium. A common error is to assume 
thut the air leaving the cooling coils must be saturated at its dry-hulb tem- 
perature, Actually, it is considerably drier than saturated because its dew- 
point tends to approach the surface temperature of the coils. 

Large plants have been built for the purpose of drying air blast for blast 
furnaces by passage over refrigerated brine coils (Gayley dry blast). Relrig- 
eration is also used in cooling water supplied to sprays in dehumidifiers 

Adsorption.* Certain porous solids show a great affinity for water vapor 
because of the intense capillary action exhibited by the large number of ultra- 
microscopic pores. For example, silica gel, which is an artificially prepared 
form of porous SiOz, will take up 20 to 30 per cent of its own weight of water 
and still appear dry, Тһе back pressure of water vapor over the material 
is very low, its efficiency as a desiccator falling somewhere between that of 
sand H:SO,. The efficiency of adsorption remains high up to the "break 
point,” after which its capacity for further adsorption falls off rapidly. The 
gel may then be reactivated by heating, without change in the structure or 
efficiency. Silica gel will also absorb СО; if the pressure is below the critical, 
and the CO: can be removed by decompression. 

‘The silica gel is placed in stationary containers through which the air is 
passed in parallel. Successive units are cut out for reactivation, several 
units remaining in operation while the gel in one is being reactivated. For 
reactivation it is unnecessary to remove the gel from the container, so that 
dusting is eliminated. 


* Bee Adsorption, Seet, 11, рр. 


260-1338. 
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A large air-drying plant has been built in Scotland [Lewis, J. Iron Steel 
Inst. (London), September, 1927; Engineering (London), p. 583, Dec. 30, 1927; 
J. Soc. Chem. Ind., 46, 902 (1927)] to handle 35,000 cu. ft. per min. of fresh 
Air for a blast, furnace, using silica gel as the drying medium. It consists of 
‘ix units, five being in operation while the sixth is being reactivated. Each 
Unit consists of a large steel box in which are trays containing the gel in 
Granular form. The bottoms are perforated and the air passes through the 
‘trays in parallel. 


Table 10. Operating Costs of Silica Gel Gas-drying Installations” 


Absolute bumidity 


Capacity, Operating costs 
mft per min., 1000 cu. ft, free 
free measure zs AG measure, eta, 
3,000 ate o 0.0114 0.0009 3.9 
7,000 sir 0 0.0114 10.0009 33 
16,000 air 0 0014 00009 31 

100 air 100 0:0028 0.00007 1.05 
300 air 300 0:001 0.00007 0:35 
150 COs 1000 0:00026. 0.00005. 0:30 


* Manufacturer's data, courtesy The Silica Gel Corporation, 


‘The gel requirements are approximately 2 Ib. per cu. ft. per min, fresh air, 
and the moisture content of the air is reduced from 3.1-4.9 gr. per cu. ft. 
to 1.1-1.6 gr. per eu. ft. Reactivation is accomplished by combustion of 
blast-furnace gag, the gas used representing the equivalent of 7 tons of coal 
per day. An air filter is found necessary to remove dirt from the fresh air 
and to prevent plugging of the gel. The air-drying installation is said to be 
largely responsible for a recorded increase of 12 to 17 per cent in the capacity 
of the blast furnace. 

Activated alumina is also used successfully [Derr, Ind. Eng. Chem., 30, 384 
(1938)], although capable of absorbing somewhat less water than silica gel. 
When used in thick beds, the air treated is dried to a dewpoint of as low па 
~70°C. Beds of 2 to 3 in. and air velocities of 75 to 150 ft. per min. serve to 
dry air partially, and this treatment may be employed as an alternative to 
dehumidification in air conditioning. Gases other than air may be dried 
successfully providing they are handled nt pressures below the critical, 
Liquids can also be dehydrated (Derr and Willmore, Ind. Eng. Chem., 31, 
866 (1939)]. 
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MIXING ОЕ MATERIAL 


; The subject of mizing has been опе of the most difficult of the unit opera- 
‘ons of chemical engineering to submit to scientific analysis. То date there 
har been developed по formula or equation that can be used to calculate the 
degree or speed of mixing under a given set of conditions. Steps have boen 
taken to improve this situation, however, notably by Hixson and White and 
their respective coworkers and more recently by Biche and by Brothman 
and Kaplan, 

Tt is somet; id that the power input to a mixer alone gives a true 
measure of the thoroughness of mixing because a definite amount of work is 
required to mix the particles of material within the container. However, this 
fan never be true in practice, because of the immeasurable interferences—cross 
Currents, eddies, etc.—which are set up (even in the mixing of plastics and 
Solids) within the container. Consequently, а tremendous amount of power 
might be consumed in producing a very vigorous local action with good mixing 
found the mixing element but with no action at all outside of this zone 

Cause the energy has been dissipated in producing local interferences. 

Because of the fact that the mixing art is so empirical, and because of the 
almost infinite variety of substances to be mixed, the number of mixers which 
have been developed is enormous. Some are good and some are poor, but 
there nre few standards. Each industry has developed mixers peculiarly 
for its own use. Such diversification is not only unnecessary, but it is the 
greatest, obstacle to а sound coordination of knowledge of the subject. When 
mixing is viewed from the standpoint of the physical characteristics of the 
materials to be mixed, analysis will indicate that about 40 distinct types will 
Very satisfactorily cover every mixing operation in every industry. 

The main purpose of this section therefore, is to classify all mixing problems 
according to the materials to be mixed and to recommend a type or types of 
mixer to be used for each of these problems, 


FUNDAMENTALS OF MIXING 


General Objectives of Mixing 

Whether we are dealing with liquids, ‘solids, or gases, or any combination 
of these phases, the fundamental object to be accomplished by theoretically 
perfect mixing is always the same. It ean be stated as follows: In all cases, 
two or more materiale existing either separately or in an unevenly mixed condition. 
are, by mixing, to be put into such a condition that each particle of any one 
material lies as nearly adjacent as possible to a particle of each of the other mate- 
rials (see Fig. A). In practice these perfect results are never obtained, and 
it may be stated that in some few cases such theoretically perfect mixing would 
be undesirable. The result of mixing may be a blend, в dispersion (suspen- 
sion, or emulsion), n solution, or а chemical reaction, and in industrial work 
the desired quality of the finished product in almost every case is the largest 
factor in determining the required thoroughness of mixing. For instance 
in preparing eod-liver oil emulsion (with water), the most intimate mixture 
is the most desirable because this product must never show separation after 
being sold, whereas in treating (temporarily emulsifying) certain gasolines with 
caustic soda solution a too intimate mixture is to be avoided because sub- 
Sequent rapid separation is necessary 
1529 
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‘Two general rules must be fulfilled in solving every mixing problem. 

Rule 1. A degree of mixing sufficient to yield the desired results must 
be produced. This rule refers only to microscopic and ultramicroscopio 
characteristics of the mixture. 

Rule 2. A satisfactory rate and direction of motion of the entire 
body of material (however remote from the mixing element some portions 
аге) must be established and maintained, so that all of the material within 
the container may be mixed to the desired degree within the optimum time. 
"This rule refers to characteristics of the mixture that may be observed with 
the eye. 

Considering Rule 1, intimacy or degree of mixing depends on the differ- 
ential rate of flow of the various 


constituents of the mixtur This SOM 

differing rate is produced either by | $99ex 

direct physical contact between | 555895, РЕНН 

the ingredients of the mixture and | **4xxxo0 БН 

the mixer itself (of which the con- КЕЕ ETILE 
555905990 HIDE 


tainer must always be considered 


а part), or by the state of motion ORK RAR EIL 


imparted to the materials by the 


mixing element, or by both of 


these. Shear, either directly or UNMIXED МЕ. 
through the intermediate steps of уум буна Айел Ио 


momentun and impact, js the 
most important factor in translat- 
ing the forces generated by the mixer into differential rate of flow. Tho 
greatest intimacy is generally produced in the vicinity of the mixing element, 
because the most vigorous motion occurs in that region. 

A substantial part of the total power input is expended in bringing about 
this intimacy of mixing, while the remainder is utilized in maintaining the 
necessary general flow. 

When Rule 2 is fulfilled, the entire contents of the container will be evenly 
distributed and’ in proper condition to be repeatedly subjected to the more 
intense mixing action required by Rule 1, Stratification and settling will 
render the performance of an otherwise excellent mixer quite worthless, 
Unless both horizontal and vertical flows are sufficient, and unless all of the 
material in the container is moved frequently into the zone of intensified 
action, whatever mixing, dispersion, solution, or reaction takes place there 
will be completely nullified because of insufficient mixing in remote parts of 
the container. This point cannot be too strongly stressed, for it is often 
neglected, with disastrous results to yields, time, and power consumed. In 
cases of liquid mixing, too much turbulence interferes with the proper орега- 
tion of Rule 2, because so much of the momentum imparted by the mixing 
element to the liquid is lost in local eddies and interferences that the residual 
momentum is insufficient to carry with any vigor to the extremities of the 
container. 

Under ‘Types of Mixers, the fundamental principles of design as applied 
to the solution of typical problems will be discussed. 


Fis, A.—The effoot of mixing, 


Practical Objectives of Mixing 

Mixing may accomplish оне of the following things: 
1. Simple Physical Mixture. Mixing to a satisfactorily blended 
product: 
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а. "Two or more miscible fluids such as molasses and water. 
b. Two or more uniformly divided solids such as powdered dyes of different shades. 
_ с. Mixtures of phases where no reaction or change of particle size takes place. 
Examples of this are concrete mixing and mixing of sand soap. 


2. Physical Change. This may be: 


а, Dissolution, The passing of gas, liquid, ог solid into another phase by solution, 
Stich as the dissolving of chlorine, butanol, or salt in water; the deodorizution of vege- 
table oil by blowing superheated steam through it; leaching; ete. The work of Hixson 
and Wilkins at Columbia University forms a valuable and practical addition to the 
subject of dissolving solids in liquids [Performance of Agitators in Liquid-solid Chemical 
Systems, Ind. Eng. Chem», 25, 1196 (1933)). It constitutes an important verification 
OE tho "Cube Root Law” of Hixson and Crowell [Ind. Eng. Chem, 23, 923, 1002, 1100 
И 

b. Crystallization. ‘The formation of crystals from a supersaturated solution. 

© Advorption. "The selective removal of minor constituents by surface phenomena, 
Эа in the bleaching of oils by fuller's earth, the decolorization of syrup, ete., by means of 
vegetable carbon. 

^L, Plocculation, ‘The eol 
or filtrati 


ion of а precipitate into flocs for the purpose of settling 


(o) [7 
Fio. H.—lee-eream mix before and after homogenizing. (a) Rough dispersion; (0) 
dispersion. 


3. Dispersion. Mixing to a quasi-homogeneous product: 


а. Two or more immiscible fluids, 
b. One or more fiuids with finely divided solids, 
Common Examples, а. Mayonnaise (liquid in liquid 
liquid). 
b, Paints (solid in liquid); ore flotation (solids, immiscible liquids, and gas in liquid). 


arshmallow whip (gas in 


‘The continuous phase is the external phase, while the discontinuous (or 
disperse) phase is the internal phase. If the internal phase is liquid, the dìs- 
persion is an emulsion; if it is solid, the dispersion is a suspension; and if it is 
gas, it is n foam. 

For practical purposes the degree of dispersion of the internal phase desired 
in a finished product varies considerably 

Figure В shows а comparison of the ingredients of ice cream before and 
after homogenization. Both а and b appear about the same to the eye, but, 
under the microscope, b is seen to consist of much finer and more uniformly 
sized droplets than a. Therefore b will produce a mote uniform finished 
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arsed 


product because the butterfat particles have been so completely di 
that all danger of subsequent agglomeration has been removed. 

Tho particle size of the dispersed phase is measured in microns. (1 micron 

1и = 0.001mm.) So-called suspensions or emulsions have a particle 
diameter greater than Ола. Colloidal solutions have particle diameters 
between 0.1 and 0.0014. 

Emulsions may be classed as permanent and temporary. In Fig. B, b 
would probably be permanent, while a could be temporary. 

"To form dispersions or emulsions which will not segregate, one or more of 
these conditions must be fulfilled: 


а. The specific gravity of ‘the phases must be made equal or gravi 
vented by overcrowding in dispersed phas 
b. The particles must be in Brownian movement dur to their small size. 
с. If neither of the former conditions can be fulfilled the viscosity of the outer phase 
must be high enough to prevent settling or 
d. The outer phase must have a slight set (curve ABC on Fig. G, p. 1530). 


separation pre- 


То prevent separation of dispersions by aggregation of the internal phase, 
one or more of the following conditions must be fulfilled: 


. The particles of the internal phase must be protes 
by a film of a third material, either a fin 
by the interface. 

J. Same as (b) above. 

о. The outer phase must have a strong set (butter-holding brine). 

A. The specific gravities of the two phases should not be widely different, 


d from contacting each ot 
ly divided solid or a protective colloid, adsorbed 


Taking examples from successful commercial emulsions or dispersions, we 
find various combinations of these conditions. The oil in mayonnaise іє 
kept from segregating by (а) and from separating out by (6) and (№). А 
high-grade non-settling paint gets this property from (b), (с), (D, and (e). 
Scott's Emulsion of cod-liver oil relies оп (c) and (е). It will be noted that 
the importance of (e) is being recognized in the paint industry and modern 
formulation takes account of this action. 

4. Promotion of a Reaction. Mixing with its consequent blending or 
dispersion is often necessary to cause or hasten s reaction, With intensive 
inixing, it is possible in some cases to lower the temperature or pressure at 
which a given reaction will occur. Examples are: (a) neutralizing, (b) 
halogenating, (c) hydrogenating oils, (d) hydrolyzing starches to sugars, 
ete. Furthermore, by thorough mixing, undesirable side reactions are 


prevented by eliminating the danger of loval excess of reagents or local 
overheating. 
Physical Factors in Mixing 
The physical factors which play a part in all mixing operations are: 


1. The consistency, or apparent viscosity, of the mixture at mixing velocities. This 
3s the most important physical factor 

2. The specific gravity of the continuous phase and the relative gravities of each 
phase 

3. Other physical properties of the materials before, or during, mixing. 

4, Relative proportion of the materials and their order of addition to the mixture, 


1, Consistency, or Apparent Viscosity, at Mixing Velocities, These 
important terms, for the purposes of this section, will be considered synony- 
mous. Therefore tney require discussion, and the curves in Figs. С, Н, I, J. 
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And К constitute а very necessary part of this discussion. The terms vis- 
Cosity, plasticity, pseudoplasticity or thixotropy, and inverted plasticity 
Must also be explained. 
, The curves in Н were obtained on the Gardner mobilometer, illustrated 
in Fig, P. The other curves were obtained by hanging 
certain weights in grams on the driving cord of the modi- 
fied Stormer viscometer illustrated in Fig. Е and measuring 
the resulting revolutions per second of the blades, the 
blades being immersed in a pint can of the material under 
test, to a. depth of 1.55 in, 

Viscosity is the resistance of a material or а mixture to 
flow when force is exerted upon it. Fluidity expresses Stress 
the opposite to viscosity. The c.gs. unit for measuring Tra, C.—Typical 
viscosity is the poise, which is defined as follows: A poise consistency curve: 
is that f ich, when exerted tangentially on 1 ва. cm. L True yiscosit 
Surface of either of two horizontal planes 1 em. apart, will IL. Pseudoplast 
Move one plane at the rate of 1 em. per вес. in reference to iY, MIL Разное 
the other plane, the space: between the two planes being piastieity. о 
filled with viscous liquid. D 


т/п 


Rate of Flow. 


Fs 


where F = force applied, dynes. 

У = relative velocity of planes, em. per aec. 
distance apart, em. 
u = viscosity, poises. 

‘The centipoise, M poth poise, is in more common use than the poise. 

Figure D gives û means of transposing some of the ordinarily used units to 

the centipoise scalo. 
ng to Fig. C, curve I, it is seen that, for a truly viscous substance 
or mixture, the rate of flow, or rate of shear (expressed, for instance, in centi- 
meters per second), starts from zero and increases at a constant rate ns the 
Stress increases. ‘The rate of flow-stress curve, therefore, is a straight line, 
and the cotangent of the angle which any of these lines makes with the base, 
эз AOD, Fig. G, indicates the viscosity. Мапу substances and mixtures have 
Properties approaching such true viscosity; for example, water, glucose solu- 
tions, gasoline, or glycerol (see also Figs. H and J). These are mostly pure 
liquids, true solutions, or dilute suspensions, It must be assumed that the 
molecules, colloidal particles, or larger particles here are loosely related to 
euch other. ‘There is no interlocking or overcrowding. 
, Plasticity differs from viscosity only in the fact that when a constantly 
increasing force is imposed on a material or а mixture, a definite yield point 
must be reached before flow is established, Mobility expresses the opposite 
of plasticity. 

Тһе flow of a material which approaches а plastic substance or mixture, 
is represented by curve II (Fig. C). The origin is not zero, for a definite 
minimum stress, known as the “yield point," is required to start this material 
flowing, but from that point on it appears to flow as does a viscous material, 
With constantly increased rate of flow as the stress is increased up to the point 
where there is a rather sharp upward bend in the curve at z. А theoretically 
true plastic would not bend at z but would continue in a straight line. The 
56 per cont asbestine (magnesium silieate)-in-linseed-oil curve on Fig. @ is an 
example of true plasticity. 


1534 


Tt may be said that there are few, if any, true plastics, though many mate- 
rials, such as modeling clay, synthetic resins during molding, cheese, etc. 
approach this state. It must here be assumed that there is an interlocking 
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Fig. D. 


arrangement of the molecules, colloidal particles, or larger particles which 
refuses to change until the yield point is reached, when the interlocking struc- 
ture breaks down completely. 

Pseudoplasticity or Thixotropy. Many materials or mixtures have 
flow curves which are mixtures of the above two types. Curve II on Fig. С 
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illustrates so-called pseudoplasticity [Williamson, Ind. Eng. Chem., 21, 1108 
(1929); Williamson and Heckert, loc. сй]. Though starting from the origin, 
the curve for a pseudoplastic shows a 
Very slow increase in rate of flow (rate of 
shear) for moderately low shearing 
stresses. In other words, the lower por- 
tion of curve II stays down near the 
abscissa and in so doing indicates plastic 
characteristics, though no definite yield 
Point is evident; but as the shearing 
Stress is further increased we begin to 
Ret a very sharply climbing curve, which 
finally becomes a straight line when 
sufficiently high shearing stress is im- 
posed. Тп this upper range, viscous flow 
is evident. In Fig. G, the curves for (a) 
60 per cent. lithopone in linseed oil, (b) 
Scott’s Emulsion, (c) 40 per cent alumi- 
hum powder in linseed oil, and (d) Hell- 
man's Mayonnaise illustrate this 
property in varying degrees. Figure Н 
is the result of a study made on the same 
materials in a Gardner mobilometer, 
employing higher percentages of solids to 
Шуе pastes of high consistencies. The 
types of curves in both Fig. G and Fig. 
H are much the same, indicating similar 
Properties of mixtures of like materials, regardless of the proportion of each 
in the mixture, regardless of whether the mixture is a liquid or a paste. 
The relatively high “apparent vis- 
cosity’’ indicated by the lower por- 
tion of the curves is known as ‘false 
body." Total false body may be 
expressed ав 09—18) 
[Л 

ent viscosity at zero rate of 

and Me = apparent viscosity 
at infinite rate of shear (Williamson, 
loc, ей.). This gradually accelerated 
rate of flow (shear) as the stress in- 
creases ів probably due to a pro- 
gressive orientation of particles to 
parallelism with the lines of liquid 
flow and the consequent release of 
inlocked liquid. Pseudoplasticity is 
Particularly evident in some colloidal 
dispersions and in some mixtures of 
solids with liquids, such аз certain 
Pyroxylin lacquers, paints, paper- 
pulp suspensions, heavy gypsum Fro. F.— Gardner mobilometer. 
slurries, etc. 

Inverted plasticity is illustrated by curve IV, and represents the opposite 
саве. These materials are of thin consistency at low stresses but, become 


where то = 
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increasingly thicker as 
the force is increased. 
Heavy starch suspen- 
sions and quicksand 
possess this property 
(seo Fig. J). 

li is neeessary to 
describe the above 
properties of materi- 
als, ie., viscosity, 
plasticity, pseudo- 
plasticity, and invert- 
ed plasticity before a 
good picture of con- 
sistency can be 
rived at. It must be 
fully realized that the 
consistency of practi- 
cally all materials and 
mixtures varies with 
conditions such as 
rate of flow, temper- 
ature, and pressure. 
As far as mixing is con- 
cerned, it is necessary to 
define the term " consist- 
ency” in some useful 
way, and to be practical, 
a standard means for 
measuring _ consistency 
must be deseribed, 
"These points are strongly 
stressed because consist- 
ony is the most impor 
tant single factor in any 
mixing problem, 

Apparent viscosity 
or consistency, then, 
for the purposes of this 
section, is considered to 
be the resistance of a ma- 
terial to flow nt any point 
on its stress-flow curve, 
‘These terms may be used 
whother or not the ma- 
terial is truly viscous, 
plastic, pseudoplastie, or 
inverted plastic, For 
example, the apparent 
viseosity of п 56 per cent 
asbestine-linseed-oil mix- 
ture (a plastic) at the 
point A in Fig, G is indi- 
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ested by eot AOD, and at point В by cot BOD. It should also be noted that 
At point А it will have the same apparent viscosity as a 40 per cent aluminum 
Powder in linseed oil (a pseudoplastic), and as a 74° Brix glucose solution (a 
truly viscous material) OA, because the lines cross at this point. 

However, at point B, which represents 214 r.p.s. of the stirrer, the apparent 
discosity of the 56 per cent asbestine-linseed-oil mixture is now far greater 
than that of the 74° Brix glucose solution OA, when stirred at the same number 
Of r.p.s., since cot BOD is fai greater than cot AOD. Also, the apparent 
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cosity in centipoises of several truly’ viscous mat one true plastio 
t asbestine in oil) and one pseudoplastio (38.5 per cent aluminum powder in 
ing rates of stirring (modified Stormer viscometer). 


Viscosity of the 40 per cent aluminum-powder linseed-oil mixture now lies 
between the other two. 

Therefore it is seen that at any given temperature the apparent viscosity, 
Or consistency, of a truly viscous material never changes, but that the appar- 
ent viscosity of all other types of materials varies widely with variation of 
Stirring speed (rate of flow) 

Figure J relates variable data of this type to the absolute system so that the 
Apparent viscosity of any material under any given set of mixing conditions 
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may be expressed in centipoises. For example, for all practical purposes, в 
13.8 per cent solution of 21 second nitrocotton is found to exhibit true vis- 
cosity at all loads and all rates of flow, this viscosity being about 10,500 
centipoises. As another example, the point А on Fig. Г is seen to be about 
2300 centipoises, and point B is 9400 centipoises. Therefore this shows 4 
great increase of consistency of 56 per cent asbestine as the stirring speed 
drops from 7,1 r-p.s. to 2 r.p.s. 

‘The modified Stormer viscometer has been very successfully used in the 
past, and by its more universal application in mixing problems where liquids 
and thin pastes are involved, the choice of proper equipment could be greatly 
facilitated. For high consistencies the Gardner mobilometer (Fig. F) 
gives accurate results. A correct interpretation of the curves obtained, us 
in Figs. G, Н, I, and J, would aid in making the following decisions 
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1. ‘The type of mixer necessary to establish and maintain the particular type of flow 
ired, 

‘The size of mixing 
8, The optimum spe 
4. The power requir 


Jat which to turn the mixer, 
d at that speed 


For example, a ргореПег- or turbine-type mixer would be useless on 4 
42 per cent cornstarch suspension (Fig. J) because it must operate by pro- 
polling the liquid at a fairly 


high rate of flow which would be 510 т =] 
unobtainable in this material, © 9 ЖУ | LEE | 
In this саве a slow-moving $8 + i 

paddle, arm, or helical ribbon 3 7 + К 
type would be more effective. 56 ЕЕ НЕ Ри 

On the other hand, a propeller- 5 Pa mm а E! 

ог turbine-type mixer of ample $ | | | | 
size in proportion to the total 8 4 ГЇ | 
volume of mix would do well on а 3177 ШЕЛЕК 1 
materials like the 56 per vent 82 ———— 25% 
asbestine-in-oil in Fig. 1 because 3 | t i = 
the comparatively high rates 20 FERRETT ] 


00 40 600 800 000. По № 
Load in Grams on Stirring Device 

Fic. J.—Inverted plasticity illustrated by 
starch suspensions (modified Stormer viscom- 
eter). 


of flow under which they operate 
would reduce the apparent vis- 
cosity and thus produce a freer 
flowing mixture, For practical 
purposes, the point € an the 5 
per cent asbestine curve has this significance: at any part of the container 
where a force (per unit area) corresponding to this point, or any lesser force, 
їз exerted there will be no motion of the material; hence mixing will cease. 
Other comments on Figs. G, Н, 1, and J: 


It is significant to note the strong plastic tendenoy of lithopone in water as compared 
With lithopone in oil. 

It is also significant to note the much higher yield point of 56 per e 
compared to 60 per cent lithopone in the same grade of linseed oil. 

All curves shown are drawn in accordance with the definition of viscosity, but for 
“eye” comparisons of this kind the abscissa should really be the “grams weight." 

Using different coordinates, higher consistency materials can be pictured mora 
accurately as shown in Fig. И. The grade of materials used in the preparation of 
these curves may be identified as follows: 


at asbestine as 
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Nitrocellulose solutions from 21-second. cotton. - +. Hercules Powder Co. 

Corn Products Refining Co. 
Corn Products Refining Co. 
Krebs Pigment & Color Corp. 
a Commercial 

. Spencer Kellogg Со. 


«o gure, K illustrates a practical application of the modified Stormer vis- 
'ometer in the testing of paint consistency by referring to standard curves 
prepared by testing known mixtures. The paint to be tested is preferably 
ontained in а pint can and is thoroughly stirred to make sure that all pigment 
iain suspension. It is placed on the stand of the instrument and the stand 
‘ised until the surface of the paint in the container rises to the marks on the 
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n K. ndard curves for use in classifying paints (modified Stormer viscometer), 


: ike blades, Weights are applied and readings taken until а reading 
falls between 24 and 36 sec. per 100 revolutions of the spatulas. ‘This reading 
is then spotted on the chart and translated into consistency by dropping 


Vertically to the horizontal seale. The consistency is merely a superimposed 
arbitrary soale in which 10 consistency represents a medium-bodied paint, 
УК to ЗК progressively thicker paints, and 9N to 5N progressively thinner 


Paints. ‘The usual types of ready-mixed paints seldom run thicker than 
About 6K or thinner than about The instrument does not function with 
pastes thicker than about ЗК. 


‘The authors are greatly indebted to W. W. Heckert of E. Г. duPont de Nemours & Co. 
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Examples of Degrees of, Consistency. The following tables express 
ranges of consistency in terms of materials with which everyone is familiar. 
(Consider them taken at low rates of shear in all cases.) 


Approximate Viscosity 


Liquids at 68°F. in Centipoises 
1. Ether..........- Bee 0.1 
2, Water и WHIT 6 1.0 


3. Kerosene. = 10 
4. Medium molor oil, 8. 100 
j. Glycerin or castor oil E 1,000 
j. Blue Label Karo corn syrup. > 10,000 
. Molasses... ert Be 100,000 
& Confectioners’ glucose 1,000,000 (or more) 


Pastes and Plastics 


Thickened gravy. 
2. Cream sauce, 

3. Tomato catsup. 
4. But 
5. Vaselin 
6. 


. Мауопраї 
- Modeling clay, 
В. Road asphalt. 


2. (a) Specific Gravity of the Mixture, and (b) Relative Gravity 
of Each Phase. 

(а) has в bearing on the power required, and, for mixtures of the sume 
viscosity or consistency, the power varies directly as the average specific 
gravity of the constituents of the mixture when identical mixers running nt 
identical speeds are used. 

(b) is ono of the two or three most important factors governing mixing. 
For great differences in gravity, great effort must be put forth to overcome the 
tendency of the materials to settle. It is evident that it is easier to hold 
whiting (calcium carbonate) in suspension in water than it is to keep litharge 
of the same mesh in the same state of suspension. 

The same thing is true in principle when solids-solids, gases-gases, or any 
combination of gases, liquids, and solids is involved (see section on Mechan- 
ical Separation). 

3. Other Physical Properties of the Materials before or during Mix- 
ing. а. Ease of Wetting. This refers only to the ense with which powders 
are wetted when they are being mixed into а liquid, a pasty, or a plastic mass. 
It is much easier to mix clay into water than to mix zine stearate into water. 
It has been shown that solids are more easily wetted by the liquids which are 
closest to them in chemical structure. For example, zinc stearate would 
be much more easily wetted by alcohol than by water, because the stearate 
and the alcohol are both organic compounds. In гіпо stearate the long 
aliphatic chain far overbalances the inorganic zine with respect to facility 
of wetting. 

One of the most difficult substances to wet thoroughly with water or even 
with oil is carbon black. This material resists wetting because of the tre- 
mendous surface of its particles, which consequently occlude much air. This 
air must be foreed out before the particles can be thoroughly wetted. 

Adhesiveness, or stickiness of solid particles, also adds to the difficulty of 
wetting these particles. Often a very dry powder which is difficult to wet may 
be incorporated by lowering the surface tension of the liquid. 
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b. Surface Tension. This greatly influences the particle size and perma- 
Rence of emulsions, as well as the. bubble size of gas dispersions in liquids. 
One of the chief purposes of emulsifying agents is to alter the surface tension 
9f one or more of the liquid phases (see under Dispersion, p. 1531). 

о. Particle Size. This applies only to solids, and their mixture with each 
Other or with liquids. Obviously a fine particle size will give a smoother 
finished product. Also, а mixer which will prevent particles from aggregating 
und will break up preformed aggregates will give a smoother finished product. 
In dissolving, fine particles will go into solution more rapidly. "Then, again, 
it is more difficult to keep large particles in suspension in liquids because of 
their greater tendency to settle. On the other hand, exactly the opposite 
is true in mixing solids with solids, for in this case the finer particles always 
tend to filter down through the coarser ones and to seek the bottom (see 
Sedimentation, рр. 1619 to 1652). 

d. Temperature Effect of the Addition. When one material is added to 
nother, the effect may be either endothermic or exothermic. Very often a 
Jucketed mixer is necessary to maintain the proper temperature. 

е. Variation of Consistency or Viscosity during Mixing. In many cases the 
initial consistency is that of water and the finished consistency very high, 
And in other cases the exact opposite is true. The mixer provided should be 
efficient over the whole range, and it does not necessarily follow that every 
mixer which is satisfactory for high consistency or viscosity is also satisfactory 
for the lower range. 

4, Relative Proportion of the Ingredients, and the Order of Their 
Addition to the Mix. Obviously exact quantities and methods cannot 
be outlined, as they will differ in each case. As an example, water and kero- 
sone oil when separate have low viscosity. If four parts of the oil are beaten 
into one part of water, the oil becomes the internal phase and the resulting 
emulsion will be creamy and thick. The one part of water is extending itself 
to cover the four parts of oil. 

On the other hand, if one part of water is beaten into four parts of oil, the 
water becomes the internal phase and the resulting emulsion may be but 
slightly more viscous than the oil itself for the oil is not spread over nearly 
the interfacial surface that the water was in the former case. 

Order of addition to the mix is also important. As a simple illustration, 
consider clay blunging, ŭe., the addition of lumps of clay to water to make a 
slurry, or slip, in the cement or ceramic industry. If the clay were first put 
in the container, and the water then added, mixing, if not impossible, would 
at least require excessive power through the thick stages. Therefore, 
it obviously is best to start with the water and add the clay while stirring. 
Tn other cases the procedure is equally important but not so obvious. 
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In the proper design of mixers, not only the mixing element but, also the 
shape of the container must be considered. A yery fine mixing element in 
the wrong vessel may be utterly useless. Furthermore, the exact result to 
be attained should be kept in mind so that ample mixing may be provided to 
obtain that result with a large factor of safety. Usually the additional cost 
required by this extra provision is trifling compared with the cost of all the 
equipment involved in a process. 

ince mixing decupies a place at the very heart of the process, it is important 
to do it well. A properly designed mixer may avert а bottleneck in the 
plant. 
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‘The variety of devices used for mixing is extremely large, and many of them 
have no claims to distinction. + Before mixing technology can advance very 
far, it will be necessary to recognize certain fundamental forms around which 
our studies and our knowledge may be built. This, of course, does not pre- 
clude the future development of new and better forms, but it does give а 
basis for a certain amount of standardization which is now vitally needed. 

Mixers may be grouped under five primary classifications: (A) flow mixers: 
(В) paddle or arm mixers; (С) propeller or helical mixers; (D) turbine ог 
centrifugal-impeller mixers; (Е) few miscellaneous types. These may, in 
turn, be divided so that about 40 truly useful and practical types will cover 
the entire field of mixing, 
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A, Flow Mixers 

The materials are practically always pumped through this type of mixer 
and the mixing effect is produced by interference with the flow. They are 
used only in continuous or circulating systems for the 
thorough mixing of miscible fluids. They are rarely used 
for the mixing of two phases where extreme intimacy is 
desired. ‘The word "turbulence" does not necessarily / 
imply satisfactory mixing. ( ( 

1. Jet mixers, such as oxyhydrogen torches, rely on | 


the impingment of а jet against another jet, usually 


with both jets fed under pressure. This mixer is some- 
times used for liquid mixing but finds its greatest applica- — | 
tion in the mixing of combustible gases just before А 
E ^ 


ignition. 
2. Injectors consist essentially of a main pipe and , 


an auxiliary pipe, jet, nozzle, tube, or orifice, through leg үа 
whieh a second ingredient is injected into the main Fia. 1 0 


stream. This simple and inexpensive type of mixer is 
widely used for the mixing in any proportions of gases with gases, gases with 
liquids, and liquids with liqui Bunsen burners, oil burners, spray guns, 
cement guns, carburetors, atomizers, and nozzle mixers (see Fig. 2) for the 
mixing of immiscible liquids, are all ex- 
amples of this type. Hither gas or liquid 
may be the main ingredient. In some cases 
the velocity of flow in the main pipe induces 
в flow of material in the auxiliary pipe. 
In other cases, material is fed through the 
auxiliary pipe under sufficiently high pres- 
sure and velocity to enuse the flow through 
the main pipe. This may be material re- 
circulated from the tank itself by means of 
an outside pump. А requisite of rapid, thorough mixing in this type is that 
the mass velocity in the auxiliary stream be considerably higher than in the 
main stream. Chilton and Genereaux (тата. Am. Inst. Chem. Engrs., 25, 
102-122 (1930)] found that when mixing two gases with this type of mixer, 
good mixing can he obtained by making the mass velocity of the added stream 
two to three times that in the main stream. 

3. Orifice-columns or turbulence mixers, largely used for the con- 
tinuous treating of petroleum distillates, may be like A in Fig. 3, which shows 
а simple orifice column, or like B, which shows a Duriron nozzle carefully 
designed to give maximum turbulence. They rely for their action on the 


leping 


—The injector 
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translation of pressure into turbulent velocity, finding many applications 
Where viscosity is low enough to allow reactions to be completed with the 
Very short holding time available. Both types are very simple to install. 

4, Circulating mixing systems, 
Such as the air lift, “vomit” tubes, 
Ong draft tubes, and outside circu- 
ling pumps, are usually used to pro- 
one а ا‎ of the contents 

n arge tanks by means of compara E 
tively small mixing units. In practi- af Weld 
cally all of those circulating types a very 
Small proportion of the material is 
eing agitated at one time, making 
them unsuitable where continued in- 
timacy of mix is desired. They are A 
hever useful where rapid, thorough Fio 3—Baflle-plate and orifict-column 
mixing is required, Other materials, mixers, 
Such as gases, liquids, or slurries, may be introduced in the risér or pump 
{0 ensure preliminary absorption or mixing before being discharged into the 
Main tank, 

Circulating systems are also used for blending large 
Amounts of solids, usually in excess of 1000 cu. ft. The 
Simplest form consists of two or more bins feeding 
through automatically regulated feed valves to a belt or 
conveyor, The material is then elevated and redistrib- 
uted equally to the bins at the top. The operation is 
continued until the required amount of blending has 
resulted. 

5. Centrifugal pumps without recirculation are 
Sometimes used to mix liquids which have been previously 
broportioned and they are often useful where blending 
desired. ‘The "holding" time (or detention 
time) is usually less than a second and this is only 
sufficient for instantaneous reactions between immiscible Fx. 4.—Cireulat- 
materials, ing mixer, 

, 9. Spray and packed towers, while used most commonly for the absorp- 

gas in a liquid or for the removal of some part of mixed gases, 
it inereased application in removing 
à constituent of a liquid mixture by means of an 
immiscible liquid of higher or lower specific gra 
Countercurrent operation is the rule for this type 
9f equipment, which has much to do with its 
Success in many applications. 

Packed towers are not desirable where there is 
Any tendency to form a precipitate, for the cleaning 
problem is usually serious. Era. Centrifugal pump. 


В. Paddle or Arm Mixers* 


‘This is probably the oldest type of mixer and consists essentially of one 
or more blades, horizontal, vertical, or diagonal, fastened to a horizontal, 
vertical, or diagonal shaft (axis) and rotated axially (though not always 


* Some of the material in this section prepared by H. W. Bellas. 
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centrally) within the container. "hus the material to be mixed is actually 
pushed, or carried, around in a circular path. In thin 
liquids, paddles always impart а swirling motion to the 
entire contents of the container. In all cases, that material 
directly in the path of the blades is always pushed faster 
than that lying between the blades. This factor has the 
greatest influence in changing the relationship of successive 
laminae (or strata) parallel to the blades with respect to 
each other. Having accomplished this important step, 
however, paddles lack effective means of producing, per- 
pendicular to the blades, forces that would cut through 
these strata and cause them to mix with each other. This 
is their greatest shortcoming. Stratification is largely, 
though never entirely, overcome by tilting the blades ( 
9b). 

Paddle mixers, or arm mixers, are more widely used t 
апу other type, because (1) they are oldest, best known, 
and first to be thought of; (2) often they can be homemade; 
(8) the first cost is usually quite low; (4) above all, on 
many kinds of work they are entirely satisfactory. For 
instance, for the mixing, or kneading, of heavy pastes or 6, Absorp- 
plastics (or doughs) the arm type (Fig. 17) is indispensable. tien tower. 
However, where stratification may easily occur, as in the suspending of 
fairly heavy solids in light liquids or the mixing 
of light pastes or liquids of considerable vis- 
cosity, a paddle mixer, no matter how carefully 
it is designed, is comparatively inefficient both 
as to power consumed and as to quality of 
results. 

7. Straight Arm or Blade Paddle Mixer. 
This is the most common form of mixer and 
may be either horisontal or vertical. The 
blades may be either flat or tilted to produce d 
an up or down thrust on the liquid. It is ү 
worth noting that in the latter case the result 
is more nearly that of n propeller than a paddle. 
Badger, Wood, and Whittemore (Chem. & Met. 
Eng., 21, 1176 (1922)] experimented with blades pya, 7.—Simple paddle mixer. 
tilted at 45 deg. and found that under the 
best conditions this mixer took three times as long ав and 25 per cent more 
power than a propeller required to produce the 
same degree and speed of mixing in the same con- 
tainer (Figs. Q and R, p. 1560). Nevertheless, 
it was justly concluded that this paddle type 4 
was entirely satisfactory in many cases where the 
requirements were not too severe. Кш 
In the case of cylindrical tanks with unimpeded 


awirl, a prediction of the power input to flat-paddle 
agitators can be made by the use of the data of 
White and Sumerford [Chem. & Met. Eng., 43, 
370-371 (1936)]. In the higher ranges of paddle pe, Gate mixer. 


size and/or speed, White found the power input to 
he related to the paddle dimensions, speed, and properties of the liquid by 
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the following equation: 
Ранма» a) 


where P: = power input, h.p. 
ower coefficient, non-dimensional. 
vessel diameter, ft. 
liquid depth, ft. 
paddle length, ft. 
paddle speed, r.p.s. 
liquid density, lb. per eu. ft. 
= paddle width, fi 
Also absolute viscosity, Ib. per ft. sec. 

The power coefficient с they found to be related.to-a- modified. Reynolds 
number, just as the friction factor in pipeline flow of fluida is related to the 
‘tue Reynolds number. Figure L below is a plot of c m. the modified 
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Fia. L.—Gruph for detern 


Reynolds number, L3N«/s. This correlation they found to hold very well for 
tanks without baffles, having paddles with a length one-third or more of the 
tank diameter and with a width less than one-sixth the length. The shaft 
must be on the center line of the tank and the depth of liquid not more than 
50 рег cent greater than the tank diameter. 

To find the power input to a given paddle agitator at а given speed, the 
modified Reynolds number must first be determined. By reference to Fig. 
“ above, the power coefficient с for the system is determined, and from it 
"nd Eq. (1) the power input P is calculated. 

Other correlations of power input have been made by Hixson and Luedeke 
Und. Eng. Chem., 39, 927-933 (1937)] and Biche [Zeit. Ver. deut. Tng., 81, 
1085-1069 (1937)]. 

In designing a paddle agitator for a given purpose, a procedure is outlined 
by Biche (loc. ci). Тһе shape a eed of the agitator are first determined 
Py small seale tests, and the modified Reynolds number (L7) *Nz&/z for the 
Small tank is ealeulated. The plant-size vessel and agitator are then made 
Keometrically similar to the laboratory model, and a speed Np is chosen 
dependent on the laboratory Reynolds number and the linear scale factor, 
эз follows: 


ining power coefficient, 


Ne/. 
«Lo 1.0 

1.0 — 2000 (Li /Lp) 0-6 
>2000 (рај Бручи 
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# The Reynolds number in the plant equipment can then be calculated and 
the power input predicted by the use of Fig. L and Eq. (1). The basis for 
this method is Büche's finding that degree of agitation in similar systems is 
dependent upon power input per unit volume of liquid. Brothman and Kaplan 
[Chem. & Met. Eng., 46, 633—636, 639 (1939)] have also found that under like 
conditions the degree of mixing is related to the 

power input per unit volume and have plotted it 
тв. a “shear index,” which is a measure of the work 
output of the paddle per unit input. 

8. Gate Type. This type covers many designs 
of which Fig. 8 is an example. It is questionable 
whether or not a combination of horizontal, vertical, 
and sometimes diagonal blades improves the mixing, 
but it is very often used where structural strength 
is desired. 

9. Paddles with Intermeshing Stationary 
Fingers. This type may be horizontal or vertical. 
In thin liquids the stationary fingers tend to prevent 
swirl of the entire mass and also to direct currents 
more or less at right angles to the fingers, thus aiding 
mixing. ‘This type is also used in the mixing of 
heavier liquids, pastes, and doughs such as paints, Fie, 9a.—Vertical pad- 
starch paste, and sizes, and in this case the station- dle mixer with intermesh- 
ary blades aid in the stretching, shearing, folding ing stationary fingers. 
over, and consequent mixing of these materials. 

10. Horseshoe Type. This is used in kettles, usually for heavy duty 
such as grease mixing, caustic fusions, cake dough, ete. A distinctive feature 
is that the mixing element always conforms to the walls of the container, 
sweeping or actually scraping them free 
from pasty or solid material that might 
otherwise cake upon them. It is parti 
ulatly important to prevent this caking in 
mixtures which burn when locally over- 
hented, or in cases where the walls must be 
kept clean to permit good heat transfer. 
Therefore this type (as well as other types 
mentioned Ister) is widely used in jacketed т. 
kettles or on furnace settings where the mix 
within the kettle is thick. 

11. Traveling Paddle, This mechanism is used for very large batches 
of slurries, auch as cement slurry or paper pulp. The task is usually а matter 
of maintaining the material in suspension, and the sizes of the vats used are 
seldom less than 40 ft. long by 26 ft. wide by 20 ft. high and run up to more 
than 150 ft. long by 40 ft. wide by 30 ft. high. This type is also adapted to 
circular tanks. 

A traveling mechanism, either paddle propeller or turbine, is the only one 
which will operate successfully on large quantities of slurries and pulps. 

Types 12, 13, 14, and 17 which follow represent double-motion paddle or 
arm mixers and are used for pastes and plastics. In these cases there is little 
flow produced, and the double motion produces an extra amount of direct 
shearing, kneading, and folding action on the m: 

12. Rotating Pans with Offset Blades. а. The сап revolves on а turn- 
table and the offset paddles within it also revolve. It is in common use for 
mixing small batches of thick paint and ink pastes. 
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a 


. 9b.—Intermeshing fingers in. 
horisontal tank. 
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ти is а very efficient modification of the same sort of double 
planon also with offset, rotating blades and rotating pan. The plowdike 
stadon mounted with springs, fit the bottom of the pan very closely, and 
wationary scrapers help to feed the blades and also scrape the sides of the 
рап slean. | T¢is used for mixing pastes or plastics, such as putty, for concrete 
suus and also for intimately mixing dry powdered or granular solids. For 

ich materials lit is beyond doubt faster than any other type. Where a 


Fra. 12a,—Pony mixer, ro- Еш, 12).—Rotating pan mixer 
tating pan with offset blades, 


kneading or à sinearing action is desirable, as in putty making, mullers as in 
the pan mixer (see type 40) are used. 

13. Double-motion Paddle. This type is used extensively for pasty 
materials such as adhesives, greases, and cosmetics and for ice-cream freezing, 
‘Two sets of blades rotate in opposite directions. The outer sweep is often 
Provided with scraper blades which keep the container wall clean, This 
results in improved heat transfer, making it possible to heat or to cool batches 


in as little as one-quarter of the time necessary in vessels equipped with 
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non-seraping agitators. This mixing action is probably not to be excelled 
for the type of work mentioned 
above. 

14. Double-motion Paddle. 
This is not unrelated to the 
iraveling paddle of type 11. А 
paddle rotates on a shaft which 
is located off center in the kettle 
or container, and at the same time 
the shaft revolves around the 
center or axis of the kettle. This 
planetary motion causes the ac- 
tion to visit every portion of the 
kettle in turn, giving thorough 
local mixing and carrying par- 
ticles forward in overlapping 
cycloidal paths, thereby produc- 
ing intermixing. This type is 
widely used for pastes and donghs, 
particularly in the food industries, 
in the manufacture of cake bat- py, 13 pouble-motion paddle mixer in 
ters, mayonnaise, ete. been 

15, Whipper or Emulsifier. 

A familiar example of this type is an egg beat 
form, is always run at high speed, and due to 
the actual beating together of the two fluids, 
a fine state of division, or emulsification, is 
produced, It is used extensively for the 
preparation of whipped cream (liquid and 
gus), mayonnaise (immiscible liquids), etc. 

16, Air-lift Agitator. Air forces the 
slurry up the central tube to the overhead 
rotafing distributor pipe. ‘The slurry flow 
out und is distributed over the surface, The 
paddle at the bottom is also equipped with 
an air pipe along its entire length for freeing 
it when stuck in settled slurry. 

‘This type is useful for maintaining large 
masses of slurry in suspension. The mixing 
action, if any is desired, is very slow. Sizes 
range ns a rule from 20 ft, diameter by 12 ft. 
high, up to twenty times that volume. 

17. The kneader, with two arms or blades 
rotating in opposite directions in a container 
with a divided trough or saddle, is used for 
mixing thick, plastic, gummy, doughy masses. 
Of all 40 types of mixers, tyne 17 is most 
nearly indispensable to its particular field 
of materials. Heavy “sigma” blades, slight- 
ly helical, rotating oppositely across the ру. 14  pouble-motion paddle 

fect trans- 
ing, tearing, stretching, fold- 
2 to 1574 for fuller description of the action.) ‘These blades 


The device, whatever ita 


trough division, simultaneously 


Есета Teneo mixer (baker's type). 


ing. (See pp. 1 
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Fro. 15.—Whipper of emul- Fis. 16,—Air-lift agitator with serapors. 
sifier, 


9r arms are sometimes toothed or serrated to intensify the tearing action, 
ав in pulp shredders, In certain cases the 
blades may be more like figure 8's than 
tigmas in order to double the action per 
revolution. The two blades are often made 
$o that they overlap to produce a better 
interchange of material from one blade and 
trough to the other. On the other hand, 
non-overlapping blades running at differ- 
ential speeds may be employed, and in this 
case they are usually adjusted with slight 
Clearance so that they clean each other in 
Passing and also produce more peus 
Shear, like scissors. For fine work, espe- 
cially tine which involves hent transfer, the blades are machine-fitted to the 
trough with as little 
as 0.001-in. cloar- 
ance working 
temperatures. For 
Greater heat trans- 
fer, hollow blades 


use of the 
difficulty of di 
charging plastie ma- 
terials, the majority 
of kneaders are 
made to empty by 
tilting, the tilt being 
either hand- or 
bower-operated. 
Othermachinesemp- . 17b—Non-tilting vacuum knender. 

о fide f one trough. In cases where the mixture is sufficiently 
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fuid or granular at the end of the process, valves in the bottom of each 
trough are best adapted for easy and rapid discharge. 

a. Thisis a kneader for general purposes, bread dough representing the mean 
consistency. А 100-gal. machine requires from 5 to 80 h.p. A typical 
trough is 38 in. long by 32 in. wide by 28 in. high. "The sigma blade shafts 
and the blades themselves vary from 3 to 7 in. diameter as power increases: 
Bread dough requires about 15 h.p. and a heavy asphalt-asbestos mastic 
about 60h.p. Blade speeds of 20 to 40 r.p.m. are common. Wherea differen- 
tial speed is used, a ratio of 3:2 or even 6:7 is often employed. Machines of 
this class are not often built for more than 1000 gal. 


b. This is a non-tilting type for vacuum operation. It is especially useful 
where evaporation is required, as in the preparation of powdered milk. 
Cored blades, steam-heated and machine-fitted to the trough are essential. 
"This may also have a side door instead of bottom valves for discharge. 

¢. This kneader is used for the heaviest work, such as dispersion in rubber 
compounding. The inachine is shown in tilted position, The blade shafts 
are ulmost the same diameter as the blades themselves. А 100-gnl, disperser 
ог masticator may require 100 to 200 h.p. The shafts may be 10 to 12 in. 
diameter and blade speeds up to 30 r.p.m. are common, Machines of this 
class are seldom built for more than 100 gal. capacity, 


С. Propeller Mixers, Including a Few of the Helical Type 

Propeller mixers furnish an inexpensive, simple, and compact means for 
mixing in a wide variety of cases. ‘Their mixing action 
follows from the fact that the revolving helical blades con- 
stantly push forward what is to all intents and purposes a 
continuous cylinder of material, although “slip” induces 
currents which modify considerably this cylindrical form. 
Since, the propeller eauses a cylinder of material to move 
in a straight line, the shape of the container itself will 
govern the subsequent disposition of this stream. For this 
reason the shape of the container is particularly important 
in this ease and yet this factor is often neglected. Figure pi, 18 Propel- 
22 illustrates how a container may be shaped and a draft = jor type fan, 
tube used to improve propeller mixing. 

Propellers are most effective for liquids not over 2000 centipoises apparent 
viscosity, with or without the presence of light solids, though useful up to 
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4000 centipoises. With heavier solids, in flat-bottom containers especially, 
Some difficulty is experienced in preventing settling, since 
it is practically impossible to direct the stream from the 

Propeller to all parts of the tank in any simple manner. 

The location of propellers within the tank influences the 
nature of the mixing, and the following types illustrate these 
various positions. 

Figure S makes it possible to calculate the approximate 
10180-роуег consumption of any propeller, given size, speed, 
and pitch, 

18, Propeller as a Gas Mixer. A propeller, disk, or 
fan (practically the same as the ordinary window ventilator 
fan) is used within a mixing chamber to give circulation 
and mixing of gases. It is also used for mixing gases under = 
continuous-flow conditions. Fra, 19.—Pro- 

19. Propeller with Vertical Shaft. These are used in peller mixer, 
Tiubinations of one, two, or more propellers on the shaft, Push-pull type. 
They may all thrust upward or downward to meet special (Bufalo Foundry 
conditions; however, the push-pull combination is usually the ^ 
most desirable for small tanks. 

„30. Portable-type Propeller—Clamped to Side. 
This type is compact and satisfactory and is very useful 
for portable work; for viscosities up to 300 centipoises 
the direct-connected, full-motor speed type is correct, 
but for higher viscosity the geared machine must be used, 

hese unita are made in sizes from 14 to 5 h.p. 

21. Propeller in Side of Tank. This type is usu- 
ally located non-radially, ‘The motion produced is в 
Switl which gradually brings the entire tank contents 
into the influence of the propellers. This motion is 
Most useful for large batches of light liquid, such as 
gasoline or aqueous solutions, where great speed of 
mixing is пој necessa In such cases this type gives 
satisfactory blending up to 200,000 gal. capacity and is 
One of the best means of mixing very large tanks of mixer. 
light liquids. In these large tanks it is usually desir- 
uble to use two or more units at intervals around 
the periphery, 

Th the paper industry, propellers on horizontal 
shafts are used for circulation with incidental mixing 
Of stock in large stock chests, built with one or more 
mid-feathers. "The propeller may be freely installed 
in one of the aisles, or it may be located in a large 
hole in & partition placed across the aisle; somewhat 
like the fun, Fig. 13. 

Side propeller agitators vary in size from 14 to E 
50 hp., with propellers from 4 to 84 in. А good 
stuffing box and strong bearings must be provided. Pre, 

For blending liquids of considerable difference of mixer. 
Spevifie gravity, a high velocity vertical stream is 
desirable, and for this purpose the propeller may be replaced by a centrifugal 
impeller, 


Fm. 20,—Porta- 
propeller 


«— Propeller 
Че tank instal- 
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22. Propeller in Draft Tube. One or more propellers are surrounded 
by а tube, which usually has small clearance from the propeller tips. The 
tube serves to guide fluid through the ргореПе 
appreciably overcoming side slippage of currents. 
Providing the tank is well shaped, a thorough circu- 
lation at a rapid rate with consequent uniformity of 
mixing’ action takes place. For these reasons this 
type is probably the most efficient among propeller 
mixers and is related to type 24. It is used mainly 
on light or moderately viscous liquids where intimate 
mixing is desired. 

33. Pug Mill. This machine is indispensable to 
the ceramie and related industries for securing a 
thorough mixing of very heavy clay masses, usually 
on & continuous basis. The unmixed or partially 
mixed ingredients are fed at one end of a trough or 
cylinder, usually enclosed to withstand heavy pressure, 
within which a series of very short and stout paddles 
are revolving. These paddles, tilted to approximate 
the form of propellers, transport the mixture gradually 
to the other end of the trough, cutting and kneading it constantly in transit. 
It is often discharged by extrusion through one or more holes. The entire 
operation is known as "pugging." 
Pug mills may be either vertical ог 
horizontal. Because very heavy 
slips are handled, the power соп- 
sumption is high. 

34. Soap Crutcher. This con- 
sists of a continuous helix in a draft 
tube which fits closely around the 
screw. "The course of the material 
is usually upward through the helix 
and downward on the outside of the 
tube. Тіз conveying action is well 
adapted to pastes of the consistency 
of soap, and it is universally used in 
the soap industry ns a mixer. It is 
also useful for other pasty or fibrous 
materials. Huge mixers of this type 
are used in the paper industry for eruteher, 
the bleaching of paper pulp at 16 to 18 per cent consistency. When operated 
at high speeds, в high rate of circulation and а vigorous mixing action are pro- 
duced. Without the draft 
tube it is ineffect On 
thin materials this device 
is very inefficient because of 
slippage. 

25. Ribbon (Double- 
helical) Mixer. This is а 
satisfactory type for mix- 

E powders, self-rising flour mixtures, tale, baking powder, 
uaually operated at moderate speeds. The mixing element consists of several 
vertical paddles and two helical ribbons, one a right-hand serew and the other 
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Тао. 22.—Propeller 
draft tube, 


Pug mill. Fra. 24. 
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a left-hand screw, so that the material is moved baek and forth from one end 
$f the container to the other, and also lifted vertically. The ribbon blades 
ite rather narrow because the mixing of solids requires constant slippage off 
the blades to promote local turnover (eddies) to prevent packing of the 
ipaterial and to hold the power required to a reasonable figure. This type 
is also used for the mixing of some moderately thin pastes. 


D. Turbines or Centrifugal-impeller Mixers 

‘The turbine mixer is best deseribed as one or more centrifugal pumps work- 

ing in a tank against practically no back pressure. As is evident from Figs. 
М and 28, material enters the impeller axially through 
the central opening. ‘The material is accelerated by 
the vanes and is discharged more or less tangentially 
Yom the impeller and at fairly high velocity. The 
most efficient type of turbine mixer employs a curved 
Stationary deflecting-blade ring, which deflects these 
tangential currents to а radial direction. The entire 
direction change from vertical to horizontal and radial 
is thus accomplished smoothly with the smallest possible 
loss of kinetic energy, and, as a result, the radial currents 
are still traveling at high velocity when they reach the y Arial 
remote parts of the container. Thus, Rule 2 (p. 1530) ^ ^ turbine mixer. 
їз especially well fulfilled by the turbine type. Rule 1 

is also fulfilled, since the discharge from the impeller is scattered along the 
tadii in literally an infinite number of directions and the process is repeated 
Many times a minute. 
The entire contents of the _ 00 
tank are kept in vigor- 
ous and well-directed 
motion, 

When two or more im- 
bellers are used, the verti- 
cal currents are as shown 
in Fig, 28. 

The power required by 


Н 
ТИТ 
Horsepower Required by Efficient 
One-Impeller Turbine Mixers 
Various Sizes 


а turbine mixer їз approx- Го Варе Min Peripheral Speed 


imately one-thirtieth that BU i Wi Aa ERR | 
Tequired by an outside Horseponer 

circulating centrifugal Fra. л 
bump delivering the same 

Volume of liquid, und the mixer impeller revolves at a moderate speed. For 
instance, a . rotor turns at about 75 r.p.m. 

Turbine mixers nre especially useful for mixing viscous liquids or heavy 
slurries, for suspending heavy solids, for rapid dissolving, for good dispersions, 
and for mixing in irregularly shaped containers. 

Figures N, О, and P show how the power consumption of turbine mixers 
varies with changes in size of turbines, peripheral speed, and viscosity of 
liquid being mixed. 

26, Turbine Blower or Centrifugal Fan. This type will mix gases 
very intimately when the gases are supplied in the desired proportions on 
continuous work. It is also used for batch mixing of gases, being located 
inside or outside of the mixing chamber, It will handle large volumes with 
low power consumption. 


Impeller Diameter (in Inches 


—Power requirement for turbine mixer. 
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27. Simple Turbine Mixer. This type is particularly desirable for the 
blending of liquids of low or medium viscosity, especially when set ой center 


E iso == 
3 
[s 


і 
500] | + 
300 = 


| 


Peripheral Speed in 


2 5 10 2 50 100 200 50 1000 
Percentages of Powers Shown on Fig. N 

Fs. 0. 

in the tank, Tt is also good for low and medium consistency of slurries and for 


medium consistencies of fibrous materials, such as paper pulp, in suspension: 
28, Turbine Mixer with 


of mixing or dissolving or to 


Stationary Deflecting ‚зщ 

Blades, With this type one Ё Г] 
or more impellers may be used. „Б 20 ГГ 
It is useful for all consistencies $5 99 | 
and viscosities mentioned in 22 20 "nm 
Tables 1 to 5 but is partic- B5 80 Г 
ularly effective where it is de- 52 10 | 
sired to obtain maximum speed g ® | 

is 140 = xw 


i 


produce а good break-up, or = 0 1 1 

to handle high-viscosity or $2828 282822 22° °°" 
high-consistency materials Ея Wet г 
quickly and efficiently, or to EU ^^ Viscosity in Canfipoisos 
mix on a continuous basis. ү, Р , 

" " ү) Еш. P.—Effect of viscosity the material on 
Where an impeller is used at ^ he power requirement af rhino misere 


the bottom of the container, a 
dished bottom is always very desirable in order to start the currents upward 
as they leave the n ment. 


Fra. 26.—Turbine blower, Ето. 27,—Simple tur- Fic, 28.—Turbine 
bine mixer, mixer with station- | 
ary deflecting blades. 
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‘Type 28 is better than any other mixer for use in irregularly shaped con- 
tainers, ie, rectangular tanks, horizontal cylindrical tanks, etc., because 
the radial flow penetrates to the extreme corners. 

29, Turbo-disperser. This type is a new machine 
вору а unique position since it flls а place between (YP KA, 

таре mixers and homogenizers or colloid mills. It inam 
Consists of a centrifugal turbine impeller which rotates [TZ lH 
With a screen or perforated plate interposed between 
impeller and stationary 
deflecting blades, The 
blades come close to the 
Sereen, giving an area of 
high shear in which diffi- 
cult dispersions are easily 
Accomplished. The high 
degree of shear, the ex- 
truding action, and the 
high flow, all contribute 
toward ‘the accomplish- 
ment of dispersions and 
the dissolving of types of 
material which are diffi- 
cult to accomplish in 
simpler types of mixer. 

80, The continuous — №6. рар 
turbo-míxer has all the 
Advantages of type 28 but, owing to the continuous flow and the division of 
the volume into three compartments in series, smaller equipment is allowable 

ioned into it the solid, 


Fra. 30.—Continuouse 
flow turbo-mixer, 


is to be 
ly from 
Опе compartment to the next, thus 
eliminating short circuiting. The tre- 
mendous circulation through the cen- 
trifugal impellers assures the greatest 
contact between the materials, so that 
the resultant rates of reacting, dis- 
solving, or contacting are very high. 
‘The type of impeller and stator used 
in ench stage is determined by the type 
of work to be done. А 200-gal. size 
Will dissolve 100 tons of salt per day 
practically to saturation, while a 100- 
al. machine is capable of mixing 15,000 
zal. asphalt and naphtha per hour. 

31. Turbo-gas absorber or oxidizer is used for promoting contact between 
gases und liquids. Hydrogenations, oxidations, chlorinations, purifications, 
ete, are greatly stimulated by the long gas path through the liquid under 
violent agitation, The constant distortion of the bubbles of the gas together 
With the continual exchange of liquid at the interface account for the high 
efficiency of this type. In some applications the gas is self-induced at the 
Surface, while in others pressure gas is fed to the lower of а series of the 
absorbers on n single shaft. 


‘urbo-gas absorber, 
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E. Tumbling Mixers 


32. The tumbling barrel is simple but useful. It consists of a barrel, 
mounted on a horizontal shaft and rotating with the shaft. Tumbling the 
barrel over and over mixes the contents. It is extensively used for mixing 
powders and for all con- 
crete mixing. For types 
of work involving two or 
three phases with such 
widely differing materials 
as stones, powders, and 
water, it has no equal. 
Various modifications of 
this type exist. The 
barrel is sometimes 
mounted obliquely on the 
shaft, 30 that the irreg- 
ular throw peed the 
mixing, Sometimes, as 
in a conerete mixer, it is 
made with internal baf- 
fes, serapers, or plows, 
which divert the contenta 
to the outlet. Another 
variation has barrel rotat- 
ing in one direction and 
paddle blades turning in 
the opposite direction. Ри . 
А modification used in the mixing of hair felt, for example, employs longitudinal 
baffle blades, Disk baffles perpendicular to the shaft, dividing the body into 
series compartments, adapt this type to continuous operation. 

Where necessary to obtain ex- в 
tremely intimate mixing, or disper- 
sion, or to break down aggregates, 
as in the preparation of colloidal 
sulfur or other compounding ingre- 
dients for latex, the ball of pebble 
mill is most advantageous. When 
thus used for mixing or dispersing, 
rather than for grinding, it is only 
another variation of the tumbling 
barrel. 

33. The double-cone mixer is 
a definite variation in form. It is 
used for the rapid blending of solids 
only. It consists of a cylindrical 
ring to which are attached two Fra, 33.—Double-cone mixer 
ones, the whole rotating slowly on 
trunnions, end over end. The inside is usually polished and free from obstruc- 
tions for easy cleaning. During rotation, the bottom cone is tilted to a point 
where the angle of repose of the contents is exceeded. Тһе surface layers then 
roll down toward the opposite cone, followed quickly by the entire mass, which 
slips rapidly into the other cone, now near the bottom position, Striking 


‘Tumbling bare 
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Sgainst the conical walls, much material is deflected toward the center and 
thence upward through the remainder of the 
mass. Because no two particles take parallel 
baths and, further, because there is a great 
difference in the velocities of various particles, 
homogeneity quickly results. Ten minutes is 
Usually sufficient time for thorough blending of 
any materials. The mixer is quickly loaded от 
discharged, a positive-seating, quick-acting, 
dust-tight discharge valve being provided. А 
magnetic brake on the drive stops the machine 
in any position, and an electrical inching 
mechanism permits it to be brought slowl: 
around to the correct, point for charging and 
discharging. This type is widely used for the 
mixing of solid granules or powders where 
Speed or great cleanliness is required, eg., for 
Чу color, standardization or for the blending 
of colored resin produats. Power con- 7 
sumption is not over 1.5 h.p. per 1000 Ib. atag НИ гей 
of contents. Y 

34. The mushroom mixer is ihe =: 
third distinct tumbling type. A flat, у 
Covered bowl is mounted on an inclined rà T 
shalt and rotated. Three to eight heavy У x 


Fro. 34.—Musbro 


metal balls from 3 to 6 in. diameter are NS 
loaded into the mixer with the batch. Water, | SQ 
Their function is to break down agere- 
gates and to produce intimate mixing 
by shearing. This type is widely used 
for the standardization of dyestuffs and S 

for the mixing of various pharmaceuti- SN 
cals, botanicals, and organics. It is Ws 
easily cleaned and must be dust-tight. = 


F. Miscellaneous Types 1 
35. The colloid mill is used where Wet 
extremely fine dispersions are required. 
Most colloid mills are the sume in prin- Motor 
le, though they may differ in details 
of construction. As in Fig. 35, the 
materials to be dispersed are fed between 
а very rapidly revolving solid rotor 
and its casing, which it clears by 0,001 
in. or less, The rotor may ог may not 
be grooved, and it may or may not be 
conical. The material is subjected to 
intense shear and intense centrifugal 
force, and the combination acts to 
make excellent dispersions, ‘The mater- 
inl is usually premixed in an ord 
mixer and this coarser dispersion is then 
reduced by passing it through the mill. Owing to the electric charge imparted 


Fic. 35.—Colloid mill, 


1558 MIXING OF MATERIAL 


to the particles, and the small size to which they are reduced, emulsions 
can usually be made with very little stabilizer. Pigments ean be dis- 
persed in oils to the original ground particle 
size, but it is doubtful if actual grinding 
takes place. Colloid mills have the advantage 
of giving continuous flow but the disadvantage 
of n high first cost, high power requirements, 
and a heating effect on the material. On Е 
some types of work where the maximum degree 
of dispersion is required, nothing else has 
replaced them. 

36. The homogenizer may be described pro, 36.—Homogenizer, 
ав a positive high-pressure pump in which 
the pressure is released radially past a disk or valve which is tightly pressed 
against the end of the discharge pipe by means of a spring, Homogenizing 
is often done at pressures of 1000 lb. per sq. in. 
and above. On some products, a finer break-up 
is obtained by passing the material through а 
second valve in series with the first valve. The 
valves are commonly с cted of agate, but 
today there is evidenced a preference for the use of 
very hard non-corrosive metals such as Hastelloy 
and the chrome-nickel steels. The homogenizer is 
used for breaking up the butterfat in ice-cream 
mixes, evaporated milk, and other food products, 
and for the manufacture of emulsions. It cannot, 
be used with materials having any abrasive action. 
Its disadvantages are about the same as those of 
type 35 but here again it is doing some types of 
work which no other machine has been able to do. 

37. Rake Mixer. The distinctive feature of 
this type is that it consists of rake or plow 
blades depending from rather long arms which are. Fre. 37,—Rake mixer (Hera 
attached to a central shaft. It is used to give a reshoff furnace). 
slow turnover of solids and always designed to give good vertical transportation. 
of material rather than horizontal. ‘The particular mixer illustrated in Fig. 37 


Fis, 88,—The Feld gas 


erubber. 


is the Herreshoff furnace, used for roasting ores, the object being to bring fresh 
material constantly to the surface and, incidentally, to break up lumps. 
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Many rake mixers are built with one set of rakes only, rather than the 
Teveral superimposed sets shown in the figure. A rake mixer with very much 
longer and narrower vertical blades is used for turning over grain in malting 
operations. A 

38. The Feld scrubber or spray type operates by throwing a thin screen 
Of liquid across the path of an oncoming gas for the purpose of removing cer- 
[ain materials from the gas, either to purify the gas or to dissolve it in the 
liquid. It is built up of several superimposed elements. Each of these 
elements, as shown in Fig. 38, consists essentially of a tray of liquid, around 
Which the дав passes, and a rotating conical frustum. Liquid travels from 
the tray up the cone by 
centrifugal force and is dis 
charged as a spray through 
which the upflowing gas 
must pass, Gases passing 
through this spray are thus 

drought into excellent con- 
tact with the liquid, 

429: Mixing Rolls. 
This type consists of two 
rolls, usually turning at 
different speeds, between 
Which the materials to be 
mixed are passed. A 
kneading, tearing, stretch- 
ing, folding, and shearing 
Action is produced. They 
аге used in certain eases where an exceptionally intimate mixture of a 
Solid with a liquid is desired, ég., in printing-ink manufacture. They are 
Also used for the heaviest types of work in which mixing is possible, 6.0., 
mixing fillers into rubber and blending rubber — 

Stocks. ‘The rolls are often corrugated to 
afford a better grip on the material. 

40, Pan mixer, sometimes known as putty 
chaser, edge runner, or muller mixer; this type 
is widely used for the manufacture of putt: 
Ve, whiting mixed with linseed oil, for clay 
mixtures, and for other similar operations on 
plastio and on semidry materials, such as 
foundry sand, It is also used for the intimate 
of dry materials, where the breakdown 
@regates or the coating of one solid 
Particle with other solid particles is desired. 

uilt on an ancient grinding principle, having 
One or more large wheels (or mullers) rolling 
around in в pan, together with scraper blades 
or plows, it combines a kneading, grinding, d 
and mixing action, giving thereby very intimate mixtures. As the speed of 
Zotation is usually slow, the power required is not excessive. The rollers are 
Usually steel, though sometimes stone; they are more often heavy than light. 
Since the mullers have a wide face, there is constant twisting or shear on the 
line of contact between the muller face and the material next to the bottom 
Of the pan. The scrapers, or knives, rotating with the rollers around the 


Fic, 39,—Mixing rolls. 


Fro. 40,—Pan mixer, 
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central axis, deflect the material into the path of the rollers and also scrape 
the sides and bottom of the pan. 

In 5 ft. diameter pans the mullers may be 30 in. diameter, and may weigh 
from 100 to 400 Ib. each. There are some putty mixers with 10-ft. pans and 
6 ft. diameter mullers; 


FITTING THE MIXER TO THE OPERATION 

In Tables 1 to 5, mixing problems have been classified according to the 
materials to be mixed. Every combination of gaseous, liquid, and so 
material is considered and the types of mixers best suited to handle the com- 
bination are indicated by num- 2q 
bers. The numbers refer to 
types of mixers and descrip- 
tions of the mixers are in that 
section under these numbers. 

When several alternate 
types are given, that type con- И 
sidered least satisfactory will 12 | 
ре given first. Many types of Wott (for Curve) a Юю 
mixers now in use for certai 0 mo w 
operations have been inten- Watts (for Curves ond) 
tionally omitted because it 2. Q.—Power consumed та. r.p.n 
believed that the types listed paddle in a 5- by 5-ft. tank, Low visc i 
are usually preferable. (See Badger, Wood, and Whittemore, Chem. & Met. 

Limits of size of batch, par- "4 27, 1176) 
ticle size, degree of dispersion, consistency, ete., are also given, although it 
must be realized that these limits are in no way fixed, and there are по 
rigid rules covering any of this work. ‘The limits are empirical but appear to 
be entirely reasonable in the 
light of exp: 

‘The general type only can be 
indicated. For questions in in- 
dividual cases regarding power, 
exact size, price, etc., of mixer, 
the manufacturers should be 
consulted 

‘Though it would be desirable, 
it is impossible to give any satis- 
factory figures or tabulations of 
comparative power require- WU № 2 — 3€ 30 
ments, ав this is determined, not Time of Complete Stirring, Seconds 
by general cases, but by each Fra. R.—Efect of r.p.m. on mixing speed 
individual ease. Figures N (p. Conditions as in Fig. Q (Badger, Wood ond 
1553), О and P (p. 1554), Ф Whittemore, Chem. Met. Eng., 27, 1176.) 
(above), Е, S, and 7 offer some general information along these lines. 

In using Fig. 8 to determine the proper size motor for а propeller installs- 
lion the indicated horse power can usually be multiplied by the factor 0.6 to 
get the actual power required. This represents the pumping efficiency of 
the propeller and will be smaller with the two-blade and larger with the four- 
blade type. 
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1. Mixing Gases with Gases 
Mixers of jet (1), injector (2), baffle-column (3), propeller (18), or turbine 
(26) types are universally used for gas mixing. 
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aol mixing of gases is not ordinarily considered a difficult operation. 

es аге readily moved and сап be made to flow together without elaborate 
Sduipment. Nearly all mixing of gases is done as a continuous process by 
О" the above-mentioned types, but more especially by types 1 and 


which ave the simplest forms. 
21 a Е 
22 22 1000 
20 3 1600 
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16 |- 1000 
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Ë al Е 
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745 required by propellers Е 200 
а at 100% slip е) 
$1 6 -| Actual Hp. may be ) 
| only 60-10 70 of these 
100% slip figures 
54 54 Pis 100 
4 44 
Fio. §.—Nomograph for checking propeller horse-power requirements at spevific grav- 
ity 1 and viscosity of water. 
Where batch mixing is desired, especially in cases where great difference 


in specific gra 
the container 


ty exist, a mechanical type such as a propeller (fan) withi 
is advisable (type 18). 


2, Mixing Liquids with Liquids (See Tables 1 and 2) 


в the viscosity increases, the size of the so-called “small” batch 
becomes smaller, so that at 200,000 centipoises we should not expect to handle 
over 5000 gnl, per batch. For intermediate points, construct a centipoise- 
gallons graph using 100 centipoises, 20,000 gal. and 200,000 centipoises, 
5000 gal. Connect these two points by a straight line and interpolate. 

2. The same considerations apply to all other limits of quantity and degree 
here given. There are no hard and fast rules to be applied. They will 
vary for different cases. The limits are given here as reasonable suggestions. 

3. Batch emulsification ог dispersion is not so much a question of the speed 
With which the operation is completed as it is of ultimate result. 
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4. Continuous dispersions must always be done rapidly. 


Comparison of Mixers for Liquids with Liquids. 
Compressed air, a makeshift method, is sometimes satisfactory for 
thin und medium liquids where slow blending or coarse break-up is desired. 
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Fic, T.—Nomograph for computing the theoretical horse power required to bring a 
flow of water up to a given veloci Applications include action of propellers, centrif- 


ugal impellers, centrifugal pumps, swirling tanks, ete. 


Even then, obvious disadys s are the danger of oxidation, loss of vapors, 
and extremely high power cost. 
Outside circulation offers a method of mixing liquids in tanks without 


putting a mechanism in the tank. Heavy liquids can be pumped from the 
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RUN "ud distributed over the top. Power costs are higher than for internal 
nce r iy the pumps are usually already present for other purposes and 

Paddles one le without extra cost. This kind of mixing is always glow. 
noes of bari буе slow mixing and comparatively course break-up in all 
dendi ia liquid-and-liquid mixing. Paddles do not give good mixing 
itt " ieular to the blades, and, therefore, they sre unusually slow mixers 
md pn viscosities as they permit stratification either vertically or horizontally 
Mie e а neglect some portion of the container. Of course, paddles 
Bad = nally adequate for mixing non-viscous, miscible liquids. Wood, 
i ге and Whittemore (Chem. & Met. Eng., 27, 1176-1179 (1922)], employ- 
ng salt solutions, showed complete mixing in a 600-gal. tank in less than 1 
min, at low power input. 


Nos: For continuous processes the above types should be avoided, 


t Propellers are excellent for all thin and medium viscous liquids: where 
ot too fine a break-up is desired. They are particularly useful for lurge- 


Table 1. Mixing Liquids with Liquids* 
Preferable Types of Mixers for Miscible Liquids 


Consistency 


Bants of operation pasce. Mollum, 
eratlon | Speed of operation | ms, to 100ep. | > (o 2500 ep. и 
sample: blending | Faample: blendlng | zie: blending 
gasoline abe fuel or Diesel | Вой bases 
Slow Air As for thin Paddles (9, 10, 12) 
‘Thin and medium, | Outside circulation Turbines (28) 
Б 15 min, | (4) 
аш batch High viscosity, 1 hr. | Paddles (9) 
High, viscosity, to Тороев (20, 20. 
„5000 gal, Turbines (28) 
Thin and medlum, 
to 20,000 gal. Fast As above. Propellers (20, 21) | Turbines (28) 
Thin and medium, Turbines (27, 28) 
30 вес, 
High viscosity, 10 
б min. 
Slow ___|Азађоме As for thin 
i ама ire 


ligh viseosity, to 


En High viscosity 
hin and medium Tn 
to Past Propellers (21) As for thin 
© 200,000 aul. [mi and medurs, | Turbines (27, 28) 
x 210 30 min 
Slow Air (special design) 


Up to 6 hr. as in | Paddles (7, 9) 
sewage treatment | Turbines (28) 
Continuous 


Any desired gallon- Past Injectors (2) Pumps (5), Turbines (30) 
age throughput | 1 to 60 see. Orifice column (3) | Turbines (30) 

Pumps (5) 

Propellers (22) 

Turbines (30) 


* The lenst desirable mixer is listed first. 
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quantity blending of light liquids. ‘Their mixing action is rapid. : They are, 
therefore, useful in both batch and continuous work. The first cost is moder- 
ate. They are not very useful for high viscosities or for very fine break-up. 

Turbines will mix all the classes listed in Tables 1 and 2 and probably 
excel all types for mixing viscous liquids, and, with the exception of the 
colloid mill and homogenizer, they probably excel all types for producing fine 
dispersions. This is particularly true of the turbo-disperser (80). Further- 
more they are the fastest of all types, and their power consumption is moder- 
ate. Because of the ability of a properly designed turbine-type mixer to 
approximate instantaneous mixing it is the most satisfactory type for con- 
tinuous work. Аза partial offset to these advantages their structure is more 
complicated than the other types referred to, and their first cost is usually 
somewhat higher. 

Jets, Orifices, and Pumps. On certain continuous operations these 
types are used with about equal success. Jets and orifice columns will provide 
a fairly coarso break-up with economy, but the finer break-up comes with 
high pressure drop and consequently high power. These types operate best 


Table 2. Mixing Liquids with Liquids* 
Preferable Types of Mixers for Immiscible Liquids 


MIXING OF MATERIAL 


Consist 


‘Thin, to 100 ep. Viscous, to 200,000 c.p. 


Degree of dispersion | Degree of dispersion 


Соагве (vist | Fine invisible] Finest (Brow-| Coarse (viel | Fine (invisible| Finest Brow- 


Basia of | bledropleta) | droplets) | nisn move-| ble droplets) | droplets) | nian move 
operation ment) ment) 
Example: Example: | Example: | Unnsunl case | Example: | Example: 
caustic wash | acid treat- | foe-eream Hs8Oc trest-| malt. oxtract 
of gasoline | mentof | mix ment об with _ cod- 
gasoline | Commercial heavy lube | liver oil 
emulsions oil 
Paddles (9, | Whippers (19 Whipper (16) Paddles (13, | Turbines (28) 
10). "| Propeller (20,| Propellers (20, 14) Paddles (13, 
smal) | Ottsidaciceu-| 21, 22) 21, 22) ‘Turbines (28) | 14) 
Up lpg | tion (4) | Turbines (25) | Turbines (28) | Turbo-din- 
А Air | perser (29) 
ы Propellers (19, | 


20) 
‘Turbines (28) 


‘Outside circu- | Propellers (20, Propellers (20; "Turbines (28) 
Lange | Jation(® | 21) 2) Paddles (13, 
XM ES Turbines (28) | Turbines (28) 14) 


Air 
Up to | Propel 
20,000 gat. уређен (19. 
‘Turbines (28) 


Continu- | Могао (2) | Orifice (3) | Colloid mill 
ous Orifice (3) Мовме (2) (35) 


[Pumps (5). | Turbines (30) 
‘Turbines (30) | Tarbo-di 


Any desired] Propellers Pumps (5) Homogenixer arser (29) 
Лопе | (22) | Propels элу бу diria mil 
боой Turbines G0) | Turbines G0) 65) 

ps 


* The least desirable mixer ia listed first, 
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at one capacity and the results obtained are variable when this is changed. 
The centrifugal pump offers fine break-up but is difficult to control. 

_Colloid mills and homogenizers will produce the maximum degree of 
dispersion and, although not strictly mixers, are included here because they 
represent the apparatus which will produce the smallest particle size on most 
materials. , They are not very satisfactory on high viscosities. ‘They use a 
large amount of power, ranging from 20 to 50 h.p. per 100 gal. per hr. 


3. Mixing Liquids and Gases (Table 3) 
Notes on Table 3. 
1. Reactions between gases and liquids always require mixing. 
‚2. The liquids are assumed of low viscosity (say, under 100 centipoises). 
Cases where viscosities are higher are too rare and need not be treated 
here, 
- Batch reactions under pressure may require time for completion. All 
other cases assume a very rapid reaction, taking place before the gas escapes 
from the system. 
4, In continuous systems the best results are generally obtained by counter- 
current fow, though sometimes parallel flow is used. 
5. In many cases where high efficiency is desired, two or more towers, 
turbo-absorbers, ete., are used in series. 
6. Equipment can be obtained to handle any d 
liquid, except in the case of very high pressure work, 
by the mechanical strength of the containers. 


Table 3. Mixing of Liquids and Gases* 
Preferable Types of Mixers for Intimate Mixing 


red quantities of gas and 
Here the size is limited 


Batch (both | High pressure, up to 2000 Ib. | Turbo-absorber (31) 
liquid and gas) | per ва. in. Rolling bomb 
sample: hydrogenation 


Low pressure or open, up to 50 | Bubbling gas through tank 


lb. per sq. in. | Recirculation through towers (6) 
One or more liquid | Example: chlorination | Rociroulation trough oto (2 
Dhuses and one | Turbo-absorber (31 


Ras, with or w 


‘ut solids present | Continuous (Бобу High presure (as above) | Injector (2) 
present) Спашава gas) | Example: washing sulfur out of | Towers (6) 
natural gus Bubble columns 


Continuous turbo-mixer (30) 


open (aw above) | Cede 

sulfite liquor prepara- | Injector 

tog Pes e quor prepari | Continuous turbo-miner (30) 
Токен (6) 


Tiquid-batch (gas| Pressure or opon _ 
continuous) | Example: removing С 


Bubbling gas through tank 
from air| Turbo-absorber (31, 
| Recirculation through towers (6) 
Recirculation through noseles (2) 
Recirculation over cascades. 
Scrubbers (38) 


One or more liquid | 
Phases and two 


br mare p 
with oF w Де 
olids present. Both continuous | Pressure or open Cascades. 
"min Example: washing illuminating | Injector (2) 
gas with water | Towers (6) 
| Bubble columns 


| Scrubbers (38) 


* The least desirable mixer is ой first. 
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Comparison of Types. 1. For autoclave work, or for time reactions 
such as hydrogenation, amidation, and other cases where pressure is required, 
it has been repeatedly demonstrated that the turbo-absorber is excellent 
because it sucks large volumes of the gas down through its impellers and 
isiributes this gas to all parts of the container in a finely divided state. 
Compared to other types its repair and maintenance costs are low, since its 
comparatively slowly rotating vertical shaft gives little packing trouble at 
the stuffing box. 

2. The continuous turbo-mixer and absorber has also a very high 
absorption rate on continuous work. because of the fine dispersion and long 
path of travel of the gases. However, it has the disadvantage that this path 
of travel is not so long as it is, say in a 40-ft. tower, though the tower is more 
expensive to construct. To overcome this, when necessary, mixers may be 
used in series, 

3. Bubbling is good only where a very rapid absorption takes place as 
in the preparation of sodium hypochlorite from chlorine bubbled through 
caustic soda solution. 

4. Where large volumes of gas are passed through small volumes of liquid, 
as in all scrubbing operations (see liquid, batch gas, continuous) the turbo- 
absorber and bubbling gas through a tank are not very useful methods. High 
efficiency is obtained in the Feld scrubber and in towers, especially in bubble 
towers. 

5. Where solids are present, or are formed during the reaction, towors and 
nozzles should be avoided. This is especially true in cases where the solid 
accumulates on nozzles or on tower parts by crystallization or precipitation. 
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4. Mixing Liquids and Solids (Tables 4 and 5) 


Special Cases. The tables are b 
and one solid. 

In cases where one liquid phase and two or more solids аге to be mixed, 
the tables will also serve if we bear in mind that we must choose the mixer 
that will best mix the solid of highest gravity. An example of this is found 
in the manufacture of abrasives, 

Tn cases where two or more liquid phases and one or more solids are to be 
mixed, the degree of dispersion desired in the liquid phases is usually the 
governing factor, e.g, metal polishing preparations. But this is not always 
true, especially if a very heavy solid is present. For example, in the prepa 
tion of aniline from nitrobenzene, iron borings, and НСІ solution, we have 
two liquid phases and a very dense solid phase. Here the turbine type is 
clearly indicated for most efficient actio 

Notes on Tables 4 and 5. The mixing of liquids and solids is by far the 
greatest and most complex category commonly encountered, The number of 
combinations that may result is infinite. Therefore in this class, least of 
all, ean anyone impose definite limits on size of batch, consistency of mixture, 
degree of break-up, time of reaction, еіс. Certain points can be indicated, 
however, and certain examples ean be given that may help others to get в 
better picture of their own particular situation. 

1. Small scale in this division is as follows: 25,000 gal. at thin consistency 
and less than 10 per cent of that amount at very high consistency (as 100,000 
centipoises apparent, viscosity); with large scale, anything over the above. 
For intermediate points, construct a centipoise-gallon graph, connecting 
the points 1 centipoise 25,000 gal, and 100,000 centipoises 2500 gal, and 
interpolate, 


sed on conditions involving one liquid 
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2. The specific gravity of solids plays an important part in determining 
the type of mixer, The specific gravity of the liquid also must be considered, 
though it is not so important because it usually varies much less than that 
of the solid. For instance, common liquid extremes are gasoline, ete., at 0.7 
8р. er. and sulfuric acid at 1.84, whereas solids often vary from 0.9 to 7.0. 
Note that the limite given in the table refer to the sp. gr. difference between 
liquid and solid. 


Comparison of Types. 


Paddles, when correctly designed, are satisfactory for liquids of thin and 
medium consistency and for low-gravity solids, except for very rapid or 
intimate mixing such as in rapid solution or in the preparation of fine disper- 
sions, Where applicable, paddles are economical because (а) of their low first 
fost and, (b) when run at low speeds, their power requirements are moderate. 

hey will produce intimate mixtures of thick materials of all gravity differ- 
псев, if sufficient time is allowed. For this, the power consumption is very 

igh. They are also satisfactory for slow dissolving of fibrous, crystalline, 

And amorphous solids and for maintaining fibrous materials in fairly uniform 
Suspension. They are not at all useful for maintaining high-gravity solids 
in suspension in liquids of thin and medium consistency as they have not 
enough sustained lifting power, and they are also impractical with fibrous 
material of high consistency, as the torque becomes too great. 

In suspending granular solids in a liquid, White and Sumerford found 
(Chem, & Met. Eng., 43, 370-871 (1936)] that at а given paddle speed the 
best suspension is obtained with а paddle length slightly less than half tho 
tank diameter, without baffles. The clearance of the paddle from the bottom 
should equal the paddle width. For a given power input, the optimum size of 
paddle would be slightly smaller than this. The superiority of this size of 
paddle over others was found to be independent of tank size, paddle speed, 
and size and amount of sand. 

Propellers are very useful over а wide range of liquid and solid mixtures. 
l'hey are satisfactory for suspension and for intimate, though not the most 
intimate, mixing of materials of thin and medium consistency of all kinds in 
batches of all sizes. They are not satisfactory on large batches of heavy 
materials because of size limitation, nor are they good for intimate mixtures 
of high consistency except those of fibrous solids. They are faster than 
Paddles for most dissolving operations. The first cost of the various types 
of propellers is comparatively low, but their power requirement is moderate. 

Turbine mixers surpass all other types in speed of mixing and dis- 
solving and in intimacy of mixing. Their power consumption is not exces- 
sive, being as a rule considerably lower than that for propellers. They 
are entirely satisfactory on materials of all consistencies or apparent viscosities 
here considered and on batches of all sizes. Because of their speed and thor- 
ughness they аге the best type for continuous mixing or dissolving operations. 
As a partial offset to these advantages, their first cost is somewhat higher than 
that of paddles or propellers, although this is not true in all cases. Being 
based on a centrifugal principle, and hence a true disperser, or scatterer, 
the turbine type (especially in the turbo-disperser style) is very efficient for 
intimate dispersions of ull sizes in batch or continuous operations. This 
18 also true of dissolving processes. 

Traveling mixers are useful for huge batches, where nothing else could 
be used (for example in tanks 100 ft. long by 40 ft. wide by 30 ft. high), for 
they accomplish sufficient turnover of the contents with rather low power 
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consumption. They are particularly useful on cement slurries, paper pulp, 
and other similar materials. 

Outside circulation has a limited usefulness and has been discussed 
before under Liquids and Liquids. 

Air agitation should be used only as an expedient where nothing else 
is possible, as it gives very unsatisfactory mixing on liquid and solid mixtures- 

The air-lift agitator (Dorr) is good for large batches of material, esp 
cially high-gravity slurries, where it accomplishes a slow, thorough turnover 
of this material. 

The ball mill, or tumbling mixer with balls, is mentioned because of its 
ability to produce very intimate dispersions, especially in the paint indust 
This is not necessarily a grinding action but simply a separation of the flocs 
of pigment particles by impact. Hence it performs an intimate mixing 
operation. The ball mill is also occasionally useful for slow solution of 
nitrocellulose and gums in solvents. 


Continuous Mixing of Liquids and Solids 

The foregoing tables indicate the mixers to be used for large- and small- 
batch mixing. What mixers should be used for continuous work? 

For the case of the continuous mixing of simple suspensions where approx 
mately uniform distribution, ete., is satisfactory, use the same equipment 
as for batch, for both large and small scale. 

For all the other cases, fast action—as nearly instantaneous as is possible 
is implied, and usually the smallest possible container with the greatest 
possible through-put is the most desirable. Turbines are usually the most 
sutisfactory for all cases of continuous mixing where intimate mixing or 
dispersion, fast dissolving, or precipitation is required, because they produce 
the longest path of travel and the greatest amount of recirculation within 
а container of given size and within a given holding time. Type 30 should 
be used where the flow and required holding time allow, but the usual practice 
for high flow rates is the use of two or more separate tanks in series, Coun- 
tercurrent flow offers many advantages in some applications and can often 
be accomplished in turbine installations without the use of intermediate 
pumps. Many continuous-flow operations require the use of almost exact 
quantities of the ingredients, making it necessary to find some means of 
accurate proportioning. 

Proportioning. For dry feed both constant volume and constant weight 
feeders are available while for liquids reliance is often placed on meters and 
pumps. Specialized equipment from which exact proportioning may be 
obtained has been developed. Та all cases it is essential that no entrained 
air or gas reach the proportioning device, for it cannot discriminate between 
gas and liquid in its measurement of uniform volumes. 


5. Mixing of Pastes, Plastics, and Doughy Masses 

Strictly speaking, all materials or mixtures which possess the properties of 
plasticity (pseudoplasticity, inverted plasticity) as discussed on pp. 1533- 
1539, fall into this class. However, from a practical viewpoint, some of these 
materials are во thin that they must be considered in the liquid-liquid, or the 
solid-liquid class, and have already been discussed under 3 and 4. Therefore, 
it may be said that pastes, plasties, and doughy masses are those materials 
or mixtures, whose consistency, or apparent viscosity, ranges from 200,000 
centipoises to several million centipoises. They include Nos. 4 to 8 in the list 
given on p. 1540, and also such mixtures as greases, bentonite solu- 
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tions, dough, putty, and countless others. In evaluating their consistency, a 
Gardner Mobilometer may be used. 

qn he most difficult task in the whole field of mixing is presented by these 
thick, doughy, sticky materials, ‘Their yield points are usually high, and this 
Means that substantial force must always be applied before any shear, or 
inotion, takes place. For the same reason, the flow of these materials is 
limited, and the mixing is achieved through a stretching, a folding, в kneading, 
Or à tearing action, or the most desirable combination of these actions. ‘The 
Object of these actions is stated exactly in Rules 1 and 2 on р. 1530. Since 
there is little flow, the particles of one constituent must be forced between the 
Particles of other constituents until the whole mass is in a thoroughly mixed 
Condition and all surfaces of solid particles are thoroughly wetted, Further- 
More, every particle within the container must be brought to the place where 
it may best be subjected to this force. 

As the consistency (apparent viscosity) of these pastes and plastics becomes 
greater, ranging from 200,000 centipoises to several million centipoises, 
increasingly heavier mechanisms must be used. In general, however, except 
for types 39 and 40, they will all be found to be multibladed paddle, or arm, 
types. The following types are arranged in the order of the consistencies 
they are capable of handling 7, 9, 25, 12а, 13, 14, 12b, 40, 23, 17a, 17¢, 39, 

Tn comparison with mixers for more fluid mixtures, the sizes of these 
heavy-duty machines are usually small, i.¢., seldom over 1000 gal. and usually 
smaller. Nevertheless, a large amount of time and power is consumed for 
the operation. For example, a machine of type 17a, designed to mix 300 
gal. of а plastic, modeling clay, requires 75 h.p. und an hour to do the 
Work. The dispersion type (17e) often requires 200 h.p. per 100 gal., for 
example, on rubber compounding. The main thing is that this machine is 
thoroughly successful at its task. Types 125 and 40 would also satisfactorily 
mix а batch of modeling elay. 

Analysis of Mechanical Actions Involved. In order to analyse the 
mechanical actions involved in mixing materials of this class, consider the 
Preparation of bread dough in а mixer of type 17a. The raw materials ате 
^ limited amount of water or milk, other minor ingredients, and flour which ia 
full of air. ‘The water must displace the air and wet the entire surface of each 
Particle of flour. When completely mixed, both materials must be uniformly 
distributed with respect to each other in that form which is known as dough. 
‘The mixing elements and the container itself must be able to perform various 
functions. First, the elements must fransport material from one end of the 
container to the other, and back agsin. ‘The design makes this possible, 
because the mixer arms, or blades, usually of the sigma form, are not parallel 
to the axis upon which they rotate, but are pitched so that material is pushed 
back and forth. Second, the elements must knead the material by pressing 
it against the walls of the container and against contiguous material. This 
Pressure tends to foree water between the flour particles, an action which 
displaces the air which has been present. It also causes shear, which brings 
A new relationship to different portions of the partially mixed material. 
‘Third, as the mixer arms rotate, they tear loose portions of the mass, carrying 
these portions to other parts of the container, thus redistributing the contents. 
Fourth, as the mass becomes coherent, stretching takes place. That is, the 
mixer arm grips a portion of the material, stretching it as a rubber band 
stretched. The tension to which this portion of material is subjected, with 
the concomitant compression, which occurs at right angles to the other force 
and {а analogous to a kneading action, is one of the chief factors in working 
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the water into the flour. Fifth, the stretched material is then folded over on 
itself or on fresh material, and thus a realignment of material is brought about- 
‘These actions occur repeatedly until the whole is mixed 

Each of these actions depends for its effectiveness on the amount of shear or 
transportation it produces. А combination of all these actions is the usual 
thing in mixing pastes, plastics, and doughy masses, and all the types listed 
here are capable of a similar performance on suitable consistencies. 


6. Mixing of Solids with Solids (also Solids with Gases) 


The problems encountered depend on relative size, shape, and gravity of 
particles. When two kinds of solid particles to be mixed are the same 
but of different gravity, naturally the heavier seek the bottom. When 
of the same gravity but of different size, the smaller particles seek the bottom. 
So also do round, smooth particles, while the jagged or polyhedral ones seek 
the top of the mass. In mixing solids, these natural separating tendencies 
must be overcome, and this is invariably done by some means which lifts 
material from the bottom to the top of the mass, the resulting voids being 
filled from above by gravity. Simultaneously the means must also produce 
horizontal transportation in at least two opposite direction: 

Types 4, circulating system; 125, rotating pans with offset blades; 25, 
the helical ribbon mixer; 32, the tumbling barrel; 33, the double-cone mixe 
4, the mushroom mixer; 37, the rake mixer; and 40, the putty chaser, ог 
pan mixer, are used. The rake mixer and the tumbling barrel are also used 
for mixing solids with gases. 

For mixing of batches larger than 1000 eu. ft. (as in the large-scale prep- 
aration of molding powders), circulating systems or large tumbling barrels 
are preferable, though no ideal method has yet been discovered. Circulating 
systems represent a mechanical quartering method and therefore are slow: 
In such sizes tumbling barrels, because they do not produce good end-to-end 
flow of material, even when provided with internal baffles, give incomplete 
mixing unless excessive time is consumed. 

For batches of ordinary size, or up to 1000 cu. ft., the double-oone mixer. 
18 the most successful type yet devised. Large or small batches are mixed in 
15 min. or less. Power is low, wear is negligible, and discharge ів rapid and 
leaves a smooth inside surface which is easily brushed clean. Thus it is 
useful where extreme cleanliness is required or where the mixture is colored; 
as in the mixing of dry colors, The ribbon mixer is the most common type 
because it is older and somewhat lower in first cost but is slower than the 
cone mixer for the same power consumption and is not quite as thorough 
nor is it ав easily cleaned. The turubling barrel is less effective than either 
of the two just mentioned. 

Whenever necessary to obtain extremely intimate mixing, involving the 
breaking down of aggregates or the coating of one solid material with another, 
in the standardizing of dyestuffs with salt or the coating of resin granules 
h color, a mixer producing a smearing or shearing action must be used. 
The types with mullers, as 125 and 40, are good. А tumbling barrel containing 
a few balls or pebbles is often satisfactory. The mushroom mixer with balls 
is a modified type of tumbling barrel finding special use in the dye and 
pharmaceutical industries. The usual blending requires 1.0 to 1.5 h.p. per 
1000 Ib. of solids. 


THE TRANSMISSION OF POWER TO MIXERS* 
Prime Movers, In recent years the tendency has been for individual 


drives, wherever possible, to replace the line-shaft method of power trans- 
* Bee section on the Mechanical Transmission of Power, pp. 2494-2524. 
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juission, Neat installations, flexible in operation and easily maintained at 
low cost, may be made, Individual drives, therefore, are heartily recom- 
tended wherever working conditions permit. The use of totally enclosed 
and explosion-proof motors makes this possible today in places where formerly 
it was not to be considered because of dirt, water, or flammable materials, 

In many mixing operations the exact degree of break-up or dispersion, 
ЗА well as other desired results, is controlled largely by the speed of the mixer. 
To obtain the proper adjustment, a variable-speed motor is often used. 
Steam turbines have also been employed with excellent effect for this purpos 
Air motors and hydraulic motors have been introduced for variable-speed 
Operation, 

Power Transmission to Mixer. It is then necessary to transmit the 
Hower to the mixer shaft so that it will run at the required speed, (Individual 
drives only will be considered.) Е 

The following methods are usually used (numbers refer to illustrations in 
section, Types of Mixers): 


1, Direct connected (20). This gives full motor speed. 

2. Genr-reduction units with built-in or separate tors (7, 17а, 
3. Connected through multi-V-belt (30). 

4. Connected through in (12а). 

5. Connected through flat belt with pulley (10, 15). 


Of all these methods the gear reduction unit has gained the widest popu- 
larity, and justly so. With reliable prime movers, it has no disadvantage, 
The first cost is moderate; it is compact and easy to maintain and to operate. 
However, in cases where the horse power is aboye 00 or where severe starting 
shock may be experienced, в V-belt or chain drive is preferable. 

In the transmission of power to a mixer, variable speed is often obtained 
by the interposition of a Reeves drive, a Link-belt РГУ drive, or other similar 
device between motor and mixer: 

The above considerations apply to cases where the mixing elements are 
mounted on either horizontal or vertical shafts. However, where vertical 
shafts are used, the vertical motor-reducer unit is preferred to the right- 
Angle drive unit in present practice where head room permits. 


FROM LABORATORY TO PLANT* 

Research work on a new process or product usually starts in the laboratory, 
Using glass rods for mixing. Аз a second step, the glass rods are bent and 
Attached to the laboratory mixer. Then, having shown promise of being 
chemically sound, the process has justified the construction of a pilot plant 
iu which it will be given the opportunity of proving its value under condi- 

ода approaching commercial practice. p 
„J properly laid out, the pilot plant should be capable of producing the 
information necessary for translating to full commercial operation, This 
information will involve such points as 


+ The allowable materials of construction, 
d. 


‘The limitations on batoh six 
The possibility of cont 5 
©. The requirements to be met by the commercial mixing equipment. 
J. The necessity for and the extent of heating or cooling, 


b. The unit operations invol 
e 
d. 


At the very start of pilot, plant design it is necessary to take into account 
the objectives of the mixing operations, such as 


* Taken in part from an article published in Ind. Eng. Chem., 30, 489 (1938) through 
Courtesy of the publishers and coauthor E. J, Lyons of the Turbomixer Corp, 
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1. Chemical reaction. 
2. Blending. 
3. Dissolution or washing. 
4. Physical change. 
5. Dispersion. 
6. Adsorption, 
Т. Heat transfer. 
= +5) 5 
j 552. С 
м EEE EEE 
operation НН ЕНЕНЕЯ 
{Catalytic processes Hydrogenation and 
Ege as аага Chemical 
fon Pr&apitofion esterification Suona- | 1 | Chemical Ti lola [s [4 | as 
on, Nitration, etc. 
[Arfociave fes Sending successive 
г uniformity of product. 
Uniform heating rig connues flow 2 | Blending fi |2|4| 3 4 
Flash mixing, Large tank blending, 
Dilutions etc. 
гасови acetate, тч" 
КЖ stes, Е ‘of. |3 | Dissolution, || [4 |2 |3 25 
ois Aa ies, Salts or organic materials washing 
‘out of solids, Leaching 
RoceulationBreaking up of sinter, Break- 
ig down or clevelopment of plasticity) 4 | Physical | 2 |i | 4 | 3 7 
Change of viscosity, Cellulose acetate pre-| ^ | change 
cipitation, Crystallization, Repulping 
Emglsifegtion-Treating of oils, 
ing of lacquers and paints, aUe 
Asphalt filling Air О of 5 [Dispersion |1 |235 4 15 6 
mayonnaise , Soop, etc. 
< ~ = 
Flotation, Decolprizing carbon or о | 
clay treatments, Removal 5 1 
With immiscible liquids or gases меш (nl a БА САРУ [55 
with coils, jacketed kettles, 
or by medhs of vacuum eic rj lesa ' |3 |2 [2 
Yield sc thoroughness Usually 1e main aim of he oper- © 
ation; Consequently the Nol point, Secondary to none 8 


Physical properties. Usually refers to product Se is highly im- 
a Usually refers. fo pro precipitate Масон 


Speed or completion. Small unit, Quick cycle Vs.large unit; long cycle 
Continuous flow with small tank and short holding Hime Welorgs 
tank and long holding fime 

Gost of operation. Efficient Vs. inefficient mixers, Covering hp.-hours, 
Time, Direct labor, Maintenance, Floor 5 Auxili i 4 
Amortization, ete. У ерта 


Cost of material. Secondary to thoroughness and physical propertie: 
but of first importance when sales prices are low ahd compe fihan Keen" 


Token from Industrial 
flow sheets 


Fie, U—Evalustion chart, Starting with a series of typical industrial flow sheets: 
the mixing operations are placed in seven ive mixing factors 
вте thon arbitrarily evaluated with respect (o each unit operation. Table 1.) 
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"The physical character 


ics of the materials such as viscosity, and specific 
gravity, and their variations should be available. The mixers in the pilot 
plant should have sufficient flexibility for the determination of the factors 
Which will affect the ultimate choice of the type of mixing equipment, This 
flexibility will allow the determination of the importance of 


A. High recirculation rate of entire tank contents per minut 
B. At least one point of high shear z 

С. General high level of velocity throughout tank. 

D. Violent scrubbing effect 5 

B. Instantaneous blending or dispersion of added material 


through large volume of tank contents. 3, 5,6 
F. High velocity over tank walls........ z ^ 3 (visoous), 5 
(viscous), 7 Gack- 
INS eted) 
G. High velocity over entire tank bottom 14, 0,7 
Н, High-volume low-velocîty 


1. Uniform overflow (continuous operation) 
J: Low short-circuiting (continuous operation) 
К, Selective overflow (continuous operation) 
Lı Horse power per unit of volume. 

М. Freedom from swirl 


‘The figures after each of the sbove factors refer to the operations that 
may be affected. 

„То get such flexibility requires the availability of variable speed on the 
mixer shaft; ease of disassembly for changing mixer units; excess tank volume 
30 that points A, C, D, and Н can be settled; provision for baffling; and means 
for making power readings. This latter provision in conjunction with the 
variable-speed feature allows the determination of the lowest power per unit 
9f volume with which satisfactory results can be secured, often a great help 
when the commercial plant is being designed and an estimate of operating 
Costs is being made. Power should be read in terms of peripheral mixer 
Speed for turbines and paddles and in projected stream yelocity for propellers. 

АШ mixing units should be accurately weighed before use so that such factors 
as abrasion and corrosion can be evaluated in terms of replacement, cost of 
equipment and contamination of product. 

Tt costs but little more to set up the pilot plant with these provisions, 
And this extra cost may declare dividends when the commercial plant ја 
finally installed.. The operations will be thoroughly understood and whether 
You elect to build your own equipment or whether you call in the engineer 
from the mixer manufacturer for recommendations, the final results will 
more than justify the extra expense. 


HEAT TRANSFER IN MIXERS 


Efficient heat transfer in kettles and tanks is very closely related to the 
Amount of mixing provided for these same containers. Where plant opera- 
tions are being scientifically handled, it is axiomatic that good agitation is 
not only desirable, but absolutely necessary, to increase heat transfer and 
to prevent local overheating or cooling. 

Heating or cooling of tanks or kettles is employed 


reaction, such asin the sulfonation of 


1. То control the speed and extent 
эй oil, nitration, catalytic reaction, e Y 

3. To accomplish a physical change, such as evaporation, pasting, crystallization, 
dissolution or melting, to change consistency or to promote blending. 
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3. To aid in dispersing one material in another. 
4. To restore the desired temperature to product, 


For heating, the means most generally encountered in the chemical industry 
today are: (1) direct or indirect firing; (2) water or steam; (3) hot oil; (4) 
Dowtherm (diphenyl or diphenyl oxide or а mixture of these), liquid, or vapor; 
(5) mereury vapor; (6) electric heaters, contact, immersion, or radiant, 

For cooling, the means employed are: (1) air; (2) an evaporant, such as 
liquid ammonia; (3) water or brine; (4) oil; (5) Dowtherm; (6) vacuum; (7) 
direct ice addition, 

In every case the largest problem is пов the transfer of heat through the 
metal itself, even in the case of a relatively poor conductor like lead, It is 
rather the transfer of heat through the residual film on both the outside and 
inside wall of the metal separating the medium from the product. Tor 
good heat transfer, these films must be thin, The conductivity of most 
of the media mentioned above, as well as of most of the materials being 
mixed, is only a very small fraction of the conductivity of the metals of the 
container; therefore a much greater difference of potential (in terms of heat) 
is required to force the heat through Моо or 160 in. of film than to force 
through 14 in. of metal (see Вес. 7 on Heat Transfer for detailed discussion). 
It cannot be too strongly stressed that in designing a good unit, avery feasible 
means for removing both films should be considered, so that the highest 
desired over-all rate of heat transfer, herein called К, can be obtained. 
Kı = over-all B,t.u./ (sa. ft.) /(*F.) / (hı 

A higher coofficiont, К, results, in practi 


e, in 


1. An improved produet be of prevention of local overheating- 
Longer life of equipment for sume resson. 

A faster process (see Figs. V and W). 
4. Leas square feet. of heat transfer surface, 

5, Saving of fuel due to reduction of heat losses. 

6. Less medium to circulate, with consequent saving of power. 


Satisfactory rates are obtained by maintaining a substantial velocity of 
liquid or vapor along both heat-transfer surfaces. For liquids these speeds 
may economically range from 200 to 400 ft. per min., and for vapor, much 
higher. In coils these velocities are fairly easily attained—a reason why 
coils are at times preferred to jackets. Where the heat-transfer medium 
is в liquid, jackets with baffles and preferably with spiral baffes, should bo 
employed if а high rate is important. For further improvement the spuce 
between container shell and jacket shell should be narrow, #.е., 1 to 3 in.; other- 
wise the rate of heat transfer may be surprisingly poor. For example, 
іп а case where а viscous milk product was being cooled in a jacketed tank, 
a plain, unbaffied jacket, gave а K of 35, whereas the same unit, with jacket 
spirally baffled to maintain a cold-water velocity of 200 ft. per min. gave a 
К of 55, using the same amount of cooling water at the same inlet tempera- 
ture, Figure 13 shows а kettle with baffied jacket. In fired kettles, best 
results are obtained by arranging the setting so that hot gases sweep around 
the bottom and sides of a kettle in а gradually ascending spiral, for this 
causes the cooler gas film against the kettle to be greatly attenuated. 

The finish on the metal also influences the К, so, where practical, both the 
inside and the outside of the metal should be smooth and free from pits and 
ridges. 

Inside the vessel the 
tion or by serapers. 


агїзсе film must be removed by some sort of agita- 
The choiee of method depends upon the consistency 
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of the mixture. Where the boiling of thin liquids is being carried on, ebulli- 
tion will often provide satisfactory agitation. However, in every other 
instance, whether heating or cooling, good agitation is definitely advantageous. 
Sluggish action at the wall means an insulating layer of viscous liquid or 
film of solid through which 550 
ths heat will diffuse but 

slowly. Once а solid film 

begins to form, it grows OTS 


rapidly in thickness, and ш. 
heat, transfer becomes pro- 9420 
Rressively worse. & 


When the vessel contents È 
Are of reasonably thin соп- 5 
sistency, a type of mixing 5 350 
5 
5 


element having large pump- 
ing capacity is desirable. 
Propellers or preferably tur- 
bines are best. They should 


be located so that their 7% ETE eae WA 
stream spreads over the en- ‘Time, of Heating, Hours 

tire heated or cooled area as Ester Gum Mixture 
Uniformly as possible. Thus рю. V. 


the highest, velocities are obtained where they will be most effective. Pro- 
Dellers as shown in Fig. 21 are satisfactory. However, turbine types 
Zrently preferable, especially when the viscosity is appreciable. Th 
discharge is directed radially and uniformly at the walls, 
points with high velocity currents of liquid. ^ ро 
In heating materials which nre not thinned 
by heat or in cooling materials which con- 
goal, even turbines become less effective as 
film removers at thicker consistency. Al- 
though the mixing may seem excellent there... 150 
is nevertheless à stagnant layer at the wall, 
На thickness bearing a very definite relation- 
Ship to the viscosity of the material (see 
definition of viscosity р. 1533). For higher 
consistencies, therefore, greater heat trans- 
fer is obtained when the film is removed by 
scraping the walls which сап be done by 
Means of hinged or spring seraper blades 
affixed to agitator arms (see Fig. 13). In 90 
Cases involving very sluggish materials, a 

double-motion mixing element, as in Е 80 


ог a combination of paddles with turbines, is rise of Cone ан 
desirable to nsport material from the Cooling Chocolate Mixture 
center of the vessel to the walls. Mes 


Figures V and W show the effect of good 
Agitation on film removal with consequent improvement of heat transfer. For 
instance, Fig. V shows the time of heating on ester gum in a 1000-gal. kettle 
from 250*F. to the top temperature of 550°F, In this ease the temperature 
оп the outside of the kettle was around 700° to 750*F. Without agitation a 
Coefficient of heat transfer of approximately 24 is obtained. Satisfactory 
Agitation raises the А to 106, approximately a fourfold improvement, Figure 


r 
weeping these at all 


мо 


120 


Mo 


Temperature, ред 


100 
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W illustrates the cooling of a chocolate mixture in 1000-gal. batches from 150° 
to 90°F. with non-scraper aud with scraper type of stirrer. With в jacket 
cooling water of 70° to 75°F., triple efficiency is noted when scrapers are used. 


Heating Means 
Water or Steam. Almost invariably, water or steam in jackets or coils 
is used for heating in any operation where the desired temperature may be so 
attained. The advantages are evident. 
Only in higher temperature work does the question of proper selection of 
heating method arise. No method is universally applicable. The location of 
the plant often becomes the deciding factor. 


Method Advantages Disadvantages 


Direct fired, above 3007. 


Fire hasard 
Local overheat of product 

Compact Cannot cool quickly 

Low operating cost Short life 


High maintenance. 
Lag on heating and cooling 
Constant supervision 

Indirect fired, above 30°F. | Some control of outside kettleshell | Firo hazard —- 

temperature Cannot cool quickly 

First cost leas than Dowtherm, hot | Elaborate setting construction 
il, and mercury, but more than | Lag on beating and cooling 

ty Constant supervisi 

Lowest operating cost 


Hot oil, from 300° to 600°. | Good temperature control High Brat cost 
Fairly quick cooling Much auxiliary equipment 
Decomposition of oil aud infam- 
mability 


No highor heat efficiency than direot 
ог indirect, +509 
Constant supervision 


Liquid system only 


Dowtherm (ses Eig. X), | Ex temperature control Higher first cost 
from 300° to 700" Fairly quick cooling Much жагу equipment 
Moderate operating cost Steady to 659% inter- 
Reasonable maintenance шинди fonda 50% 
Combustible but non-flammable | Periodical inspection only with good 
Liquid or vapor system controls 
Mercury vapor, from 600° | Reasonable temperature control | Highest first cost 
to 1200°F. Moderate opersting cost Much auxiliary equipment 


Expense of mercury 


| Constant supervision 
High maintenance 
T) | Most accurate temperature control ра ost mm dirt E 
ick cooling erating cost usually hig 
First cost lower than hot ой, Dow- 
therm, or indirect fired 


Clean, compact, instantaneous. 

Highest overall heat eficioney 
Lowest fire hasard 

No danger from leaks or collapsing 

of jacket or coils 

Easiest and cheapest to install and 

easily movable 

Least attention while running. 

Lowest maintenance cost 
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Circulating Systems. Figure X illustrates a typical circulating system 
employing Dowtherm vapor for heating the kettle and Dowtherm liquid for 
the subsequent cooling. In this case, condensate returns to the boiler by 
gravity. Where this is not feasible, a return pump is employed. - Cooling 
Dowtherm is handled from the receiver by а separate pump to the kettle 
and thenco back through the water-cooled heat exchanger. 

Electrically Heated Kettle, Figure Y shows a typical electric kettle, 

leat is supplied by means of flexible, spirally formed, metal ribbons, cen- 
trally located inside of hoods (or pipes) solidly welded to the kettle ‘shell, 
the ribbons being prevented from touching the pipes by means of porcelain 
‘pacers. The elements themselves may be heated to any temperature from 
300° to 1300°Е., producing temperatures approximately 50° to 100° lower 


Vapor line. 


ae 
returaline S| 
ondensare line) В 


v, Dowtherm fill line toboiler 
x. Zeve/omefer connection 
“Steam heating coil 


X.—Dowtherm system for heating kettles, 


Within the kettle itself, Radiation is prevented by means of a double steel 
Jacket carrying 6 in. of insulation. Between the insulating jacket and the 
tank is n substantial air space with water sprays located at intervals for 
instant cooling. А blower for air cooling is often used. Electric elements are 
Usually arranged in two or three banks for zone heating, and these may be 
run separately or together. 


Cooling Means 


A surprising amount of cooling is still done in some chemical industries 
by the direct addition of crushed ice, but in many others this method is 
9ullawed by the attendant dilution, A satisfactory substitute may be seen 
in the chilling of lubricating oil through the addition of liquid propane and 
its subsequent evaporation. This agent boils off at room temperature, but 
low temperatures may be attained by the application of vacuum, thus lower- 
ing the boiling point. By the application of suitable vacuum, water itself 
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becomes the evaporant, and increasing use is being made of steam jet ejector 
for this purpose. Most of the large distilleries in this country are using this 
method for cooling corn mashes part way to the fermenting temperature. 
Much water also is being cooled by this method for industrial purposes and 
for air conditioning. Mixing is vital in such units, for the liquid to be 
cooled must be brought to the surface where the static head is zero, in order 
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Tia, Y,—Eleotrically heated kettle showing beating elements and insulating jacket. 


to attain the temperature justified by the reduced pressure. Much greater 
use will be made of this means of temperature reduction in industry, especially 
where the water supply is too warm in summer to be effective for cooling 
purposes. 
The other 
well establishe 


'ooling means do not need especial mention since their use із 
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The Spray or Serubbing Method. 
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"Wet" Bafe Chambers 
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BY ANTHONY ANABLE 
DRAINING 


Definition. Draining may be defined as the dewatering action taking 
Place when moist particles of a granular substance are placed on, or advanced 
fjj а flat or inclined surface. Dewatering by centrifugal machines and by 
filters accomplishes the same purpose but is discussed separately under 
Centrifugation and Filtration, 

Purpose, [tis the purpose of draining to separate, in so far as is possible 
by gravitational force alone, the two constituents of the mixture—the solid 
Portion and the liquid portion—eo that each may subsequently be subjected 
to such further more complete and generally more expensive separation 
treatment as may ђе re 
quired, such us, in the case of 
the solids, centrifugation, 
filtration, or drying and, in 
the case of the liquid, clari- 
fication or filtration. 

Draining, by itself, is sel- 
dom a complete treatment, 
as it does not result in the 
Production of a crystal-clear 
Solution and. а bone-dry 
воћа, Due, however, to its relative cheapness, it is an approved preliminary 
Unit operation, preparing the two constituents of the mixture во as to meet 
the requiroments of the additional unit operations which follow. 

Equipment Used. a. The Drag Conveyor. The simplest type of 

ol us for draining is the drag conveyor shown in Fig. 1 
consists of a shallow, inclined, rectangular box, equipped with an 
endless belt or chain to which scrapers are attached. The belt or chain is 
Carried on two sets of pulleys or sprockets, located respectively at the upper 
snd lower ends of the inclined box. The shafts upon which the pulleys or 
*prockets are mounted lie with their axes at right angles to the long axis of 
the box and at such an elevation above the inclined bottom that the scrapers 
{Mat clear the bottom as they are drawn along from the lower to the upper 
end, 

‘The mixture of solids and liquids enters through a trough at the lower end. 
The heavy granular solids settle to the bottom, are picked up by the scrapere, 
And are dragged up the incline, out of the solution, over the draining deck and 
discharged from the upper end of the box. Solution entrained with the solids 
partially drains in the process and flows back into the lower portion of the box. 

‘The solution from which the heavy solid particles have settled overflows 
Across a weir at the lower end of the box or through a pipe. Finely divided 
solids, contained in the feed mixture and settling more slowly than the gran- 
ular portion, remain suspended in the solution and pass off with it as an over- 
Sow product. Being a “home-made” device no data on size, capacity, or 
Dower ure available. 


> 
fo 


Fre. i——Drag conveyor. 
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Drag classifiers are generally about 3 ft. to 5 ft. 6 in. wide, set at slopes 
ranging from 2 to 6 in. per ft., the steeper slope corresponding to the coarser 
separations. The belts are equipped with wood or steel blades on 12- to 
18-in. centers and are driven at 12 to 40 ft. per min. 

Capacity is roughly proportional to width and belt speed and roughly 
inversely proportional to the blade spacing. Data from commercial installs- 
tions indicate that when 
making coarse separations 
at from 28 to 48 mesh, a 
capacity of 5 to 7 tons per 
24 hr. may be secured per 
foot of tank width per 1 ft. 
рег min, belt speed. When 
making finer separations 
around 100 to 200 mesh, 
the capacity may be as low 


as L5 to 2.5 tons per 24 Ss 
hr. per ft. of tank width 
per 1/ ft. per min, belt “Scone le сно 


speed. =: 

b. The Grainer, (See 

р, 1786.) "The salt grainer, 
а special type of surface crystallizer widely used in the manufacture of coarse 
aalt crystals from brine, is shown in Fig. 2. This machine collects the crystals 
formed in a steam-heated bath of saturated solution and drains them before 
discharging them to stock piles or to rotary dryers. 

The grainer described is essentially a surface erystallizer and the draining 
obtained is merely incidental to mechanical discharge. Rake speed is 
adjusted to suit crystal formation independent of drainage conditions, and 
subsequent drainage in stock piles ог by filters or centrifuges is used. 

‘The grainer tank, constructed generally of concrete, is 100 to 150 ft. long, 
about 12 to 18 ft. wide, and about 2 ft. deep. It is filled with brine and 
equipped with steam coils which warm the contents slightly below the boil- 
ing point to the point of surface crystallization. 

A reciprocating mechanism actuated by a steam or water piston travels 
slowly back and forth over the bottom of the tank and over the drainage 
deck at the discharge end. Raking blades are hinged to the mechanism at 
regular intervals, being arranged in such a manner as to swing on the hinges 
with a feathering motion. | The blades lie parallel to the tank bottom and to 
the drainage deck on the return stroke and then immediately take » position 
at right angles to the bottom on the forward or crystal-advancing stroke. 

‘The salt crystals are pushed along the tank bottom at regular intervals, 
eventually emerging from their bath of mother liquor and being subjected to 
a period of draining on the inclined deck. At intervals of a few weeks the 
grainer is shut down and cleaned, as scale forms rapidly on the coils and 
impurities collect in the liquor to a degree endangering the purity of the 
finished salt, 

The capacity of a grainer 150 ft. long by 18 ft. wide by 22 in. deep is 11.6 
to 14.5 tons per day (Badger and Baker, “Inorganic Chemical Technology,” 
p. 15, McGraw-Hill, New York, 1928). 

c. The Dorr Classifier. The Dorr classifier is shown in Fig. 8. It con- 
sists of a settling box of wood, concrete, or steel, in the form of an inclined 
trough, with or without lining of rubber, lead, or special metals, with the 
upper end open, in which are placed mechanically operated rakes or scrapers 


lt grainer. (Courtesy of Badger and Baker, 
Chemical Technology.” Мебтало-НТИ.) 


"тогда 
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which carry the quick-settling granular material to the point of discharge at 
the open end. Each rake is carried by two hangers, one at the discharge end 
and the other at the overflow end. Special covering or special metals may be 
Used with corrosive solutions. 


Right hane! feed entry 


а 111 —4 
ШШШ) 


( Wake blades Vnspecfion door 
Main gear 


Slime overflow PLAN Connectin 
тоа 


Slime overflow 
Liquid level, 


(E Adjustable 
Quik dump gate Feel of tank = ELEVATION 


‘The Dorr classifier. 

‘The rakes are lifted and lowered vertically by the hangers by the action 
9f the head motion, transmitted through eccentrics and cranks. Tho hori- 
zontal motion is obtained directly from the head-motion crank. The rakes 
can be raised several inches at the lower end by a lifting device and operated 


Table 1. Dorr Classifiers 


E Туре of mechanism | wan | UN 
‘The Dorr FR—light duty KA T 
For small open-circuit operation where the sand is «mall | 20” | 1907 
compared to the overflow ЕЛИ 1507 
rhe v | ior 
‘The Dorr FH intermediate duty +07 Я 
For small closed-circuit operations with relatively light} 50” | 184” 
гейм loads "ora 
The Dorr P—=norinal duty gw 1847 
For the average or normal closed-circuit operation—the | 80 1847 
general run-of-mill classification job 1207 1” 
9 ko | tear 
The Dorr FX—heavy duty 507 07 
For the heavy and really tough closed-circuit operation, | 60 240" 
where the circulating load is high, the sands are heavy, | 707 РЙ 
зай tho service is exacting 20 240” 
127” 2007 
wo” 240" 
м vr 


* Average connected horse power is the power rating of the motor supplied for direct drive and is 25 
\ 50 per cent in excess of the actual power required to drive the classifier on a job of average severity. 
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in that, or any intermediate, position. This allows the classifier to be 
started readily when nearly filled with solids after an unexpected shutdown. 

The feed enters continuously from a distributing trough near the overflow 
end. The heavy, quick-settling particles sink to the bottom of the tank 
and are advanced up the inclined deck by the reciprocating rakes. At the 
upper end, this crystalline or granular product emerges from the liquid, the 
excess solution drains ой, and the product is discharged with a low moisture 
content. 

The agitation near the bottom of the tank, caused by the reciprocating 
motion of the rakes, throws the fine material into suspension and this is 
carried off with the oyerflow product at the lower end of the tank. 


Top of tank 


Solution level% __ 


Overflow | 
trough | 


Fic. 4—Chip-removing device on Dorr classifier. 


Adjustments, All other things being the same, the mesh of separation 
between discharge and overflow solids is determined by rake speed, overflow 
dilution, and slope of tank bottom. The greater the rake speed, the lower 
the dilution; and the steeper the slope, the coarser is the separation, 


Example 1. With quartz of 2.7 sp. gr., suspended in water, a 100-mesh separation 
corresponds to 16 to 20 raking strokes per minute, 4 or 6 to 1 overflow dilution, and & 
tank slope of 23$ to 234 їп. per И. А 20-mesh separation with the same materials 
corresponds to 27 to 32 strokes per minute, 1.5 to 1 dilution, and slope of 314 to 4 in. 
per ft. Specific gravity and nature of solids, specific gravity and viscosity of solution 
and working temperature affect adjustments to such an extent that the above figures 
must only be considered as average, subject to change as great as 100 per cent in 
vertain cases, particularly in the handling of chemicals, 


Capacity. All other things being the same, such as speed, dilution, slope, 
separation, and materials handled, both overflow and raking capacity are 
proportional to classifier width. The finer the material to be raked, the slower 
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must be the raking speed and the less the tank slope, both of which have the 
effect of reducing the capacity. 


Zrample 2. When draining quartz of 2.7 вр. gr. from a solution of 1.0 sp. gr., making 
such a separation that the finest particle in the discharge is 20 mesh, the draining 
{pacity is 750 tons per 24 hr, for a 3-ft. wide Simplex heavy Dorr ClussiGer, 1500 tons 
for a (ft. wide Duplex heavy machine, and 2000 tons for an S-ft. wide Duplex heavy 
machine. When draining the same materials, but making euch a separation that the 
Snest particle in the discharge is 100 mesh, slope and speed must be reduoed giving 

raining capacities of 400, S00, and 1050 tons per 24 hr. for, respectively, 3-, 6- and 
ft. wide classifiers 


Drive shaft, 


Drive shaft 
Rocker arm эта, У bearing ca; 
Rocker arm shaft bro’. ne 
Outboard bearing: кер 
Crank head ЈЕ 
Connecting rod- | | 
Ratchet pawl arm>| Arm \ 1 / 
Ratchet bub-— NES: " ||| 
Ratchet wheel shaft? h 
Rocker shaft brackets ===> | | 
{° 3-way homestead Г 38 2 || 
155 valve. i Јоу ||| (| 
Rocker shaft brackets ae ta z 
Valve stem fake | 
Миёг feed pipe for connecting год 
> wi 
15 union tee 
ПОЗЕ, - 
Tosuction box 
End Elevation 
Fio, 5—Suction box on Dorr classifier. 


Chip-removing Device. In cases where the material to be drained is 
contaminated by chips of wood or other substances floating on the surface 
9 the solution, a chip-romoving device is supplied with the classifier, as shown 
in Fig. 4. Adjacent to the solution-overflow weir of the classifier, two trougha 
Are placed. ‘The one nearer to the weir is fitted with a screen to retain the 
chips carried over in the overflow. The one farther away serves as a recep- 
tacle Tor the chips which are brushed across the screen by a scraper. 

Suction Box. The suction box, shown in Fig. 5, may be supplied with 
the classifier in order to reduce the moisture of the material below that point 
which is possible with ordinary gravitational draining. 

lt consists of a metal box attached to the under side of the drainage deck 
and equipped with a suitable screen or canvas to replace the portion of tank 
bottom directly above it. One port of a three-way valve is attached to à 
pipe leading from the bottom of the box, another port of the valve is con- 
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nected to a source of vacuum, and the third is connected to a source of low- 
pressure air. 

This valve is operated mechanically from the classifier mechanism by 8 
pawl-and-ratchet device. Adjustments are provided so that the periods 
between vacuum and blowback may be varied at will, Filtrate is collected 
in а receiver on the vacuum line between the suction box and the vacuum 
pump. Where the filtrate consists of a saturated solution, salts precipitated 
оп the canvas or screen may have to be removed by water or steam washes 
instead of with low-pressure air. ‘The suction box generally reduces moisture 
in drained material 50 to 75 per cent. 

Materials of Construction. 

1, Iron and steel for non-corrosive duty, 

2. Wood tank and wood mechanism (below solution) for mild-acid duty and where 


discoloration from metals must be avoided. 
3. Rubber-lined tank, rubber-covered mechanism, and hard-lead blades for heavy- 


acid duty. 

4. Special metals and alloys, where required, 

d. The Dorr Bowl Classifier. The Dorr bowl classifier is used when 
а cleaner rake product is desired, fructu Overflow launder 
ыла Ен i a АЕНА us 
be of extremely fine sise, and | Қ Sow! 
where the solution overflow discharge 
capacity is large in comparison oF а 
with the raking capacity. 

It consists essentially of a 
straight Dorr classifier, as de- 
scribed previously, upon the 
tank of which there is super- 
imposed a shallow circular bowl 
with а revolving raking mecha- 
nism, Fig. 6. The feed enters 
through a loading well at the 
center of the bowl. The solu- 
tion and extremely fine solids 
overflow the periphery of the 
bowl into а circumferential 
collecting launder, The coarse 
solids settle to the bottom of the Un 
bowl, are raked to the opening PLAN 
in the center of the bowl, and Distributor 
gravitate through this opening //2/e ~, 
into the reciprocating-rake com- 
partment below. 

The coarse solids are ad- 
vanced up the sloping bottom of 
the classifier and оп to the drain. И A 
ing deck from which they ae ZowW/ — Gumpgate Rakes 
presently discharged by the f 
redprocating rakes, Wash ‚ SECTIONAL ELEVATION 
water, introduced near the сеп- Fic. 6.—The Dorr bowl classifier. 
ter of the reciprocating-rake compartment, flows countercurrently with respect 
to the coarse solids and, after passing through the opening in the bowl bottom 
leaves the classifier as à portion of the overflow product. 


Gear housing 
„2 Feedwell 
РЕБ Distributor Бара 
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, Sizes, Bowls may be used with all types and sizes of Dorr classifiers, as 
listed previously. Bowls range in diameter from 3 ft. for use with a 15-in. 
Wide classifier to 28 ft, for use with the larger units. 

Power consumptions for the bowl alone, which must be added to that 
of the classifier with which it is used, range from less than 14 h.p. for the small 
units to 2 to 3 h.p. for the larg 

Costs. Owing to the various types and sizes of Dorr classifiers furnished, 
аз well as the variety of materials of construction which may be used for ncid- 
resistant duty, sales prices per unit of sand-raking capacity vary widely. 
For rough and very preliminary estimating purposes only, the net sales price 
of в light-duty Dorr classifier of iron and steel construction and including a 
steel tank, all f.o.b. factory, may be taken at $350 to $500 per ft. of width. 


Fie, 7.— The Akins claasifier—submerged-spiral type. 


For the heavy-duty machine on the same basis, $450 to 3950 per ft. of width 
may be used. Acid-resistant construction, such as wood, lead, rubber- 
Covered steel, hard-lead or special alloys, materially increases the price. 

The sales prices of Dorr bowl classifiers vary even more than those of the 
regular, single-stage Dorr classifiers, since a wide range of bowl sizes may be 
used with each size and type of classifier. Accordingly, for rough and pre- 
liminary estimating purposes, it may be considered that a Dorr bowl classifier 
may cost from 50 to 200 per cent in excess of the price of the regular classifier 
to which the bowl is attached, the higher figure corresponding to the use of 
large bowls with narrow classifiers, and the lower figure covering cases where 
the bowl diameter is only slightly greater than the classifier width. 

ө. The Akins Classifier. The Akins classifier (Fig. 7) consists of an 
inclined trough or tank enclosing one or more revolving helixes, commonly 
called “spirals.” The trough is equipped at its lower end with an overflow 
weir, and a hopper for collecting the overflow product which consists of the 
fine solids and water. The sand product is discharged at the upper end of 
this trough by the revolving spiral. 
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The sand-raking mechanism is made up of double spirals mounted on 
heavy hollow shafts, spirals being continuous from the overflow weir to a 
point above the feed entrance, At a point where the inner edges of the 
spiral blades emerge from the pool, a number of interruptions or depressions 
on the inner edge of the spiral blades are provided for a short distance to 
facilitate drainage of slimes and liquid back into the pool. Near the upper 
ог sand-discharge end of the spiral similar interruptions or depressions are 
provided in the outer edge of the spiral fights. In any single-spiral machine, 
the sand load is conveyed up one side of the tank, leaving a drainage channel 
between the spiral and the tank on the opposite side. 

‘The feed enters through a feed box at one, or, in some cases, both sides of 
the trough. The heavier, coarser solids settle to the bottom, and in the case 
of single-spiral machines are advanced by the action of the spiral along the 
bottom and one side of the trough out of the settling pool to the point of 
discharge. In the case of the duplex machines, the spirals are operated 
toward each other so that the sands are conveyed up the center of the tank 
between the spirals, causing the sands to be carried considerably higher on the 
spirals, 

i Akins classifiers are now furnished in three general types, ùe., the low-weir 
type, in which the overflow weir extends across the end of the tank only and 
the top of the weir is below the spiral shaft; the high-weir type, in which 
the overflow weir extends across the end of the tank, the top of the weir being 
considerably above the spiral shaft and submorging from two-thirds to three- 
quarters of the lower end of the spiral; and the submerged-spiral-type 
hine, in which the lower end of the spiral is entirely submerged, the top 


Table 2. Sizes of Akins Classifiers 


High- and Low-weir Types 


Low weir | High welr. 
Spiral, diam. |— EIS =. F 
Width Length | Width. Length. 
12" | iw ye ГА (2 
16” 18 ye 187 8 6 
24" zy 96" 2 "o 
30" 29, mor 29" no 
36 y» 10 y i o 
45” 40 140 40 my 
54 79 180 vor 20 6" 
& 44 [44 У 2 
m S avo oer 24 0” 
78 72° zo | T2 EL 
Submerged-spiral Types 
| Duplex 
Spiral, Фат, + - — 
| Width Width | Length 
Mor 
gy 
2 
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of the overflow weir being from 12 to 24 in. above the lower end of the spiral 
And extending across the end of the tank and along both sides of the tank 
or a distance of from 2 to 5 ft., depending upon operating conditions. 
ARE classifiers are generally set at an inclination of the tank of from 3 to 
did dn. per ft, although in some instances they are operating at inclina- 
ions up to 4 in, per ft. The speed at which the classifier spiral is generally 
driven is from 2 to 5 r-p.m., although it can be operated as low as 36 r-p.m. 
ind up to 10 or 12 rpm. The power required will depend largely upon 

1е size of the classifier and the sand-raking load, varying from less than 

1 b.p. on the small sizes, up to 5 or 6 h.p. on the large machines with large sand- 
taking loads, 

The tanks can be steam- or water-jacketed for temperature control, and 
Where the fluids used are of a volatile nature, such as ammonia or gasoline, 
E tank or trough ín which the spiral operates can be fitted with a gas-tight 
cover, 

k. The sales prices of Akins classifiers vary materially according! to type, 
ade, and length. For rough and very preliminary estimating purposes, it 
AY be considered that heavy-duty Akins classifiers of the submerged type, 
tomplete with steel tanks and lifting devices, f.o.b. factory, cost from $500 

? $750 per ft. spiral diameter. 


Fra, 8, 


Hardinge Countercurrent Classifier. The Hardinge countercurrent 
classifier (Fig. 8) is a slowly rotating drum, on the inner surface of which is 
located а spiral attached to the drum and revolving with it. The material 
to be classified is fed in at one end above the pulp level, and, as the classifier 
rotates, the coarser particles that settle out are moved forward by the spiral 
And are repeatedly turned over in а forward motion, releasing any fines 
tnixed with them. The fines, with any wash water added, overflow through 
ап opening at the opposite end of the classifier. The sand or oversize is 
dewatered and elevated by buckets to а higher elevation, so that the classifier 
may be operated in closed circuit with any suitable type of grinding mill 
and without the use of auxiliary conveyors or other equipment. The coarser 
Settled solids are continually being turned over and washed by the counter- 
current action of wash water. 

‘Two steel tires near the end of the drum support the rotating drum on 
four rollers mounted on two parallel shafts, which in turn are driven by 
Sprockets and chain from a variable speed motor. 

Some of the uses of this classifier are for the, closed-circuit grinding of 
Various materials, dewatering sand, and the washing and scrubbing of 
Various granular material 


Principle of operation of the Hardinge countercurrent classifier, 


То addition to being supplied in standard iron and steel construction, it 


is also supplied in the chemical industry in stain- 
less steel construction and with rubber lining for 
the handling of corrosive mixtures. 

An interesting operating feature is that the 
classifier will start up under full load after several 
hours shutdown. The classifier is supplied in 
sizes varying from 18 in. to 10 ft. in diameter, and 
from 4 to 30 ft. in length. 

The exact classification desired is obtained by 
varying the slope of the classifier, by varying the 
speed, or by varying the size of the overflow 
opening. 


WASHING (GRANULAR MATERIAL)* 


Definition. Washing of granular substances 
may be defined as the displacement of dissolved 
substances, adhering in solution form to a solid 
substance, by one or more applications of water or 
other suitable displacing agent, each application 
being followed by a dewatering step to remove the 
bulk of the dissolved substances thus displaced. 

Purpose. The purpose of washing is to recover 
the greatest possible amount of either the dissolved 
substance or the solid substance, or both. Its 
object is also to recover each substance, contami- 
nated to the least possible extent by the other 
substance and їп as pure a form as possible. For 
example, in electrolytic caustic manufacture, it is 
the purpose of salt washing not only to recover 
the salt in as nearly а caustic-free condition as 
possible во that it may be marketed as such or 
reused to make up cell liquor, but also to recover 
the caustic soda solution diluted by wash solution 
to the least extent in order to promote good evap- 
orator economy. 

Equipment Used. ‘The Dorr multideck cl 
fier is the only standard, self-contained unit uti- 
lizing the alternate administrations of a displacing 
solution and of a draining process for the washing 
of soluble substances from insoluble granular sub- 
stances. Centrifugation is applicable to the wash- 
ing of such substances, but, since it is not classed 
under draining operations, it is discussed elsewhere 
(p. 1808). 

‘The Dorr multideck classifier consists of a series 
of two or more Dorr classifier mechanisms con- 
nected together and driven from a common driving 
mechanism. А single tank is used, divided into 
from two to six individual washing compartments 

* See article on Countercurrent Decantation (p. 1643) 


and on Filtration (p. 1653) for washing of finely divided 
materials, 
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and drainage decks. As shown in Fig. 9, the various compartments are con- 
lected by backflow launders, located on the outside of the tank, so that wash 
folution may flow continuously through the series from the discharge to the 
ced end of the tank. Тһе solid substance is advanced mechanically by the 
reciprocating rakes from the feed to the discharge end of the tank. 
T shown in Fig. 10, two or more Akins classifiers may be arranged in tan- 
Wem for countercurrent washing. The direction of flow of wash solution 
and solids is the same as in the Dorr washing classifier. As each washing 
Speration is carried out in a separate classifier instead of (as in the case of the 
Dorr) in individual compartments of a single machine, external pipes or 
troughs are used for transferring the product between the different units. 

Operation, The mixture of a solid substance and a solution is introduced 
at the overflow end of the tank, the washed solids are drained and discharged 
at the other end, and wash water or solution is introduced in the last com- 
Partment. The wash solution flows in a direction countercurrent to the 
Solids and thus becomes progressively enriched in soluble salts until it finally 
Overflows from the first compartment in relatively concentrated form, 

In а similar manner the solids, being advanced toward the last compart- 
Ment, come in contact with wash solutions progressively less concentrated. 
The mild agitation caused by the reciprocating rakes in each compartment 


Fra. 10.—Akins classifiers arranged for multiple-stage washing. 


assures efficient displacement of the soluble constituents in the solids which 
have just been discharged from the preceding compartment, and the draining 
9n the inclined deck assures the removal of the bulk of the solution before the 
solids are remixed with the next weaker solution in the following compartment. 
, Adjustments are as given for single-stage classifiers except that the slope 
is not variable. Rake speed determines the time the solids are retained in 
each washing compartment, and hence the capacity is generally determined 
by the chemical requirements of time for displacement of dissolved material 
rather than by the mesh at which the separation is to be made. 

The greater the volume of the wash solution, the more complete is the 
placement. of dissolved material and the less concentrated is tho solution 
lowing the first compartment. When both high purity of washed solids 
and high concentration of solution are required, a larger number of compart- 
ments are required in order to increase the number of washes which may be 
given, by the permissible volume of wash solution, which is necessarily limited 
by the desired strength of the solution. 

Capacity. Same as given for single-stage class 
width. Capacity may vary up to 100 per cent from figures given, which are 
quarts (2.7 sp. gr.) in water, due to variations in specific gravity, viscosi! 
temperature, and time required for displacement of dissolved substances. 
High speeds (greater than 12 r.p.m.) are seldom used on account of the time 
element іп the displacement washing. 

Accessories, Chip-removing devices and suction boxes may be supplied, 
these being identical with those discussed above. Steam coils may be placed 


ег of same type and 
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in the compartments or in the solution launders between compartments to 
maintain proper temperature. 

Materials of Construction. These are the same as for the single-stage 
Dorr classifier discussed on р. 1594, 

Washing Calculations and Practical Examples. The method of 
washing crystalline or granular substances utilized in a multideck classifier is 
known as continu- 


ous countercur- feed 

rent decantation Бари ur 
(abbr. C.C.D.). прва ж». 
"The over-all wash- 6 E wf 

ing efficiency, spe Var DA мг P 
concentration of во- 

partments, and Fro, 11,—Washing classifier flow shoe 


purity of final prod. 
uct may be determined mathematically, if data are available on feed charac- 
teristics, moisture content to which the solids will drain, wash water per- 
missible, etc. The method of calculation is best illustrated by an actual 
example on a typical set of conditions. 


Ezampte 3, In the electrolysis of brine, the conversion of NaCl to NaOH is genorally 
incomplete. In the subsequent evaporation of the solution, the sodium chloride crystal- 
lizes out, is recovered in salt catchers operated in conjunction with the evaporator stages, 
and is discharged suspended in a solution of caustic soda, The problem is to separate 
the salt from the caustic and to wash it as completely as possible in a four-compartment 
classifier with the amount of saturated brine available, 

Given, 75 tons NaCl crystals per day. 100 tons 10 per cent NaOH solution per day. 
25 tons of water (containing 8 tons dissolved NaCl) available for washing. One four- 
compartment washing classifier. One suction box mounted on last deck, Salt drains. 
to 25 per cent moisture without vacuum, Salt drains to 15 per cent moisture with 
vacuum. 

Problem. То find concentrations of solution in all compart: ments, Washing efficiency, 
and percentage NaOH in washed salt. 

Procedure, Draw diagrammatic flow sheet (Fig. 11 above) letting W, X, Y, and Z 
represent pounds of NaOH per ton water in each compartment and letting T represent 
tona of water in circulation at each point. 

Equating pounds of dissolved NaOH out of and into 


each compartment, set up the 


following simultaneous equations: 
100W + 35X + 10 X 2000 1) 
sir i 
2: Д (8) 
2! 25х0 (4) 


W = 194.51 Ib. NaOH per ton water 
х-1 1b. NaOH per ton wate 


Ib. NaOH per ton water 
Ib. NaOH per ton water 
Summarizing. 
Compartment Solution Strength, % NaOH* 


1 3:86 
3 
4 


1 


Recovery of NaOH = 1% x 100 


7.26 per cent 


МОН tn washed salt a O GE у X 100, = 0.38 per cent 


n saturated brine-wash solution neglected. 


* Balt 
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From the preceding example, it should be obvious that the same method 
calculation may be applied for finding other unknowns, v 
а. To find the minimum amount of wash solution which will give a washed 
Product containing not more than a specified percentage of soluble impurities, 
When given the number of washing compartments to be used and the moisture 
content, to which product will drain with and without suction box. 
М b. То find the minimum number of washing compartments required 
© give û specified percentage of soluble impurities in the washed product, 
When given the maximum permissible amount of wash solution and the 
poisture content to which the product will drain with and without suction 
Other Chemical Applications. a. The washing of sodium phosphate 
‘ystals free from mother liquor. 
aye: The removal of finely divided clay or bond from artificially prepared 
Abrasives such as carborundum, aloxite, ete. 

©. The washing of phosphate rock to remove clay and fine sands. 


LEACHING 

Definition. Leaching may be defined as a process of removing, by the 
Application of a solvent, that constituent of the substance being treated which 
ія readily soluble in the solvent applied. In this article, the leaching of coarse, 
Stanular substances is alone considered, 

Purpose, It is the purpose of leaching to recover the greatest possible 
mount of the soluble constituent in as concentrated a solution as can readily 
1¢ handled by the succeeding extraction process, such as precipitation of 
the soluble materials or evaporation and erystallizatio 

Equipment Used. Ав is true in the сазе of washing, the Dorr multideck 
classifier is the only standard self-contained unit applying the principle 
of continuous-countercurrent flow of the substance to be leached and the 
Solvent, to the leaching of granular substances. Discontinuous methods 
include the use of percolation vats, filter-bottom tanks, ete., but as these are 
HOt classed us draining operations in this article, they are not discussed here, 

he leaching of finely divided substances is discussed in the article on Counter- 
Surrent Decantation (p. 1643 and on p. 1215). 

The Dorr multideck classifier used for leaching is described completely in 
the preceding section on Washing. 

Operation, The substance to be leached is introduced into the first 
compartment at the overflow end of the tank, the residue remaining after 
leaching is discharged from the last compartment, solvant.is introduced into 
the last compartment, and concentrated solution containing the soluble 
Constituent passes off across a weir in the first compartment. ‘The solvent 
flows in a direction countercurrent to the solids and thus becomes progressively 
enriched in the soluble constituent of the treated substance until it finally 
Overflows from the first compartment in a relatively concentrated form. 

In a similar manner, the substance to be leached being advanced toward 
the last compartment comes in contact with weaker and weaker solutions and 
is thus progressively impoverished in soluble constituents. The mild agita- 
tion set up in each compartment assures efficient penetration of solvent and 
Rood leaching of the substance discharged from the preceding compartment, 
The draining on the inclined deck assures the removal of the bulk of the 
enriched solvent before the ance is retreated with the next weaker 
Solvent in the ensuing compartment. 

Leaching Calculations and Practical Examples. ‘The method of 
calculating the extraction, washing efficiency, concentration of solutions, ete., 


of 


tf 
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in a leaching or dissolving operation is similar to that used in washing calcu- 
lations. The unknowns may be calculated from data available on feed 
characteristics, moisture content to which the residue will drain, the amount 
of lixiviant or solvent that may be used, ete. 


Erample, A calcine containing soluble copper is to be leached. The гаје at which 
the copper dissolves having been determined experimentally and a multideck classifier 
haying been selected to give the required time of contact in each compartment, it № 
desired to know the probable extraction of copper, the concentration of the solutions 
the various compartments, and the percentage of copper remaining in the residue after 
treatment. The amount of wash water that may be used is limited by the capacity of 
the subsequent evaporator installation. 

Given. One hundred tons of calcine containing 5 per cent (10,000 Ib.) of soluble 
copper mixed with 100 tons of water; one six-compartment multideck classifier equipped 
with suction box; 50 tons of available wash water; and a residue that drains to 25 per cent 
moisture or to 15 per cent moisture with the aid of a suction box. 
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"The following rates of dissolution of copper have been determined experimental 


Pounds dissolved before reaching classifi - 2000 
Pounds dissolved in first compartment... ^ eres 4000 
Pounds dissolved in second compartment... 2222005 8000 
Pounds dissolved in third compartment. Е 1000 
Pounds dissolved in fourth, fifth, and sixth compartments. . .....- 0 


Problem, То find the concentration of the solutions in all six compartments, the over- 
all extraetion efficienoy, and copper content of the final residue. 

Procedure. Calculate the amount of solids raked in each compartment, allowing for 
the dissolution of soluble copper that takes place in each. Calculate the amount of 
water advanced with the raked solids in each case, allowing for 25 per cent moisture 
the first five compartments and 15 per cent in the last one. 


Compartment A 


Solids raked = 100 — 


Water in raked solids = 
Compartment B 

t oy _ 3000 

Solids raked = 97 — 5000 

Water in raked solids = 31.83 tons 


Compartments С, D, and E. 


1000 
2000 ^ 

Water in raked solids = 31.66 tons 
Compartment Р 


Solids raked = 95 tons 
Water in raked solids = 16.76 tons 


Solids raked 5 tons 


Draw the diagrarmatic flow sheet shown in Fig. 12 and assign to each flow line figures 
to show the amount of 
water (not solids) in circ: 
lation at that point. 
Water enters at two points: 
100 tons with the calcine in 
the first compartment, and 
50 tons as wash water in 
thelastcompartment. 
The balance of the water 
in circulation is either over- 
flow from compartments or moisture contained in the raked residues. 


of copper leaching in multideck 
classifier. 
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Е B, C, D, E, and Р represent the pounds of dissolved copper por ton of water in 
ê réspnctive compartments of the elassifier, Then set up the following six simultane- 
‘us equations hy equating the pounds of copper entering and leaving exch compartment. 

Equate pounds of dissolved copper entering and leaving each compartment as follow 


Compartment A 198.244 + 32.334. 578 + 6000 


Compartment В 68.57В + 31.838 = 82.884 + 65.070 + 3000 
Compartment С. 65.070 + 31.00€ = 31,83B + 64,90D + 1000 
Compartment D 64.900 + 31.660 = 31.660 + 64.908 
Compartment E 64.908 + 31.66E = 31.600 + 64.00F 
Compartment F 64908 + 16762 = 31.608 


Simplifying, 


185.574 
97.408 
06.730 
90.500 = 31.660 + 64.908 
96.56E = 31.662 + 64907. 


ЗОВЕ = 31.66E 


Solving by substitution, 


А = 74.25 Ib, copper per (on water 
В = 90.10 Ib. copper per ton water 
С = 61.05 Ib. copper per ton water 
D = 28.60 1b, copper рег ton water 
E = 12.70 Ib, copper per ton water 
F = 4.92 Ib. copper per ton water 


Checking calculations, 


classifier overflow = 133.94 X 74.25 


‘Total copper i 
‘Total copper 


classifier discard = 16.76 X 44 


Error due to neglected decimals in slide-rule computat 


Total copper in feed to classi 


AU ў 16.70 x 4.9: 
Overy of copper = 100 — xxi 57425 + 16.70 Ж 


= 100 — таз X 100 = 99.173 % 


16.76 X 4.92 


Copper content of leached residue = OI Sax = 04 
+ фе of asked | 95 x 2000 + 1676 x 492 X 199 ايس‎ 


The same method of calculation may be used to find the minimum amount 
of water required for leaching to give a specified extraction or to find the 
minimum number of compartments to give a specified extraction with а 
specified amount of leaching solution. 


CLOSED-CIRCUIT GRINDING (See p. 1932) 
Closed-cirouit wet grinding or classified grinding, introduced and perfected 
in the metallurgical industry, has been successfully applied to such chemical 
engineering operations as the grinding of lithopone, the grinding of phosphate 
rock with weak acid in phosphoric acid manufacture, the preparation of water- 
floated whiting, the wet grinding of cement slurry, abrasives, eto. A brief 
résumé of this subject may therefore properly be included in a discussion of 
classification and mechanical classifiers. 
Definitions, [Dorr and Marriott, Importance of Classification in Fine 
Grinding, Trans. Am. Inst. Mining Met. Engrs., Milling, pp. 109-154, 1930.] 
Open-circuit grinding is a method of comminution aiming to secure the 
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desired reduction in particle size by a single passage of the material through 
the mill. Closed-circuit grinding is a method of comminution in which в 
partially finished mill discharge is separated by a classifier into a finished over- 
flow product and an unfinished rake product which is returned to the mill for 
further grinding. . Overflow is the comparatively finer, more slowly settling 
portion of the mill discharge which is carried over the tail board, or lip, of the 
classifier by the flow of water, Rake product is the comparatively coarser: 
more rapidly settling portion of = 
the mill discharge which is dis- TORR per hir. 65 pesi 
charged from the classifier by Гох ioe 
the mechanical action of the ¢. Г | 
rakes, Inclosed-cireuit grind- 100+ 
ing, the rake product is fre- 1225 meek 
quently referred to as the 
circulating load in that it 
travels in the mill-classifier 
circuit until reduced to over- 
flow fineness. Millis the 
generic term used to deseribe 
grinding mills, whether ball, 
pebble, or rod mills. 

Purpose. It is the purpose 
of closed-circuit grinding to 
center the sizing of the ground CEE 0 
product at one point, the „| аура оптат 
classifier, so that the mill, now 210 Feed- 38" limestone 
responsible only for grinding, | 
may be fed at such а rateand 0 0 1000 _ 2000 3000 400 5000 
loaded in such а manner that Feed Rate, Lb. per Hr 
it may operate at maximum р. 13,—Relation Hetweon ra 
efficiency. As will be shown don 
later, a judicious loading of 
the mill, unlimited by size specifications for the n 
savings in power, less wear on liners, and, less wear on grinding mediums, 
which three items determine largely the unit cost of grinding. 

Theory. Theory and prac oneur in the hypothesis that the work 
done in n rotary mill increases with rate of feed. Work done is measured 
by the actual reduction in particle size from feed to discharge and may be 
measured by the tons of material of a specific size actually produced in a 
given time or by the more refined methods of Kick and of Rittinger, described 
later (see р. 1605). 


Table 3. Relation between Rate of Feed to Ball Mill, Work Done, and 
Unit Power Consumption* 


te of feed und work 
in а rotary mill. 


lll discharge, permits large 


ite, | Fiabe prod] y 

p porh pf | etin йезе) 5€ bel | пршљена | о nor И 

Mela, fe. | Већ | anml WORDS | units (EU) | Ч ome 
alone met | decasge MA 
Tu 0 Г 370099 | | 83 
2000 Sm 48,5 60,000,000 8125 
3000 1200 40 5000000 | Su 
4,000 1400 35 100,000,000 | 570 
5,000 1650 33 110000000 | 16 


* Courtesy University of Minnesota, 
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This relationship is brought out in Table 3 and the accompanying graph 
(Fig. 13) based upon studies conducted at the Mines Experimental Station 
Of the University of Minnesota, under the direction of E. W, Davis. It will 
be seen that the work done in the experimental mill increases as the feed is 


Work Units. Authorities appear divided as proponents of the Kick and 
е Rittinger methods of computing the work done in cylindrical mills. Rit- 


finger’s method is based upon the 
bypothexis that the work done in $230 Т 
ng is proportional to the in- 
creased surface produced, a function žao 
of the square of the diameter of the £ 190 
Particle, and the Rittinger unit of 3 170 
measurement is called a “surface 
Wait" (S.U). Kick, on the other 
hand, claims that the work done is 2 130 
Inversely proportional to the change $ uo) 


in volume of the particle, а function ЕО 390 347407 250500. 


of the cube of the diameter, and the Ciclos Load (Pe Centot esi Rao) 
Kick unit of measurement is known 
Ею. 14.—Relation between circulating 


ай an “ene ^ (R. Pra 
cap pae rey unit" ОВАЈ). Practi yaa and work done in eplindrieal mill 

plant operators prefer to measure 
Work by the amount of material of a specific size actually produced, as this 
may readily be determined from screen analyses of feed and of discharge and 
the rate of new feed to the mill. 

.Open- уз. Closed-circuit Grinding. ‘The fact that capacity increases 
Without n corresponding increase in power may be attributed to the more 
rapid eliinination of fines, the reduction of uneconomical overgrinding, and 
the increased amount of material which may be exposed to the cascading 
uction of the balls at one time. Theory indicates that uneconomical, open- 
Circuit grinding is a result of hampering the work of the mill by the imposition 
Of a specification for the fineness of discharge, which results in overgrinding 
of the bulk of the product in order that all may разв given sieve size and in 
а tendency for the accumulated 


fines to aet as a cushion, damping Ро ad 

the effective impact of the balla AE әй ДГ ЕТ Foi 

"bon the unfinished material. Raw E у ished 
In closed-circuit grinding, the feed Product 

Classifier builds up the feed to the Boll mill Tube mill 


an to the optimum value by re- күз, 15, T wo-stage opon-cireuit grinding. 
irning unfinished oversize to the 

mill for further comminution. Furthermore, it grades the mill discharge so 
that only material of finished size may eseape from the circuit as an overflow 
Product. As shown in Fig. 14, the work done in a cylindrical mill increases 
With the amount of the circulating load or rake product. 

„ Closed-circuit Grinding Equipment. Figure 15 is a diagram represent- 
ing a two-stage open-circuit grinding installation, and Fig. 16 represents a 
two-stage closed-circuit grinding installation. In the case of the latter, 
it is to be noted that the amount of the circulating load in both ball-'and tube- 
mill circuits із several times the amount of the new feed and finished product, 
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The closed-circuit grinding equipment consists of a cylindrical wet-grindinit 
mill, a mechanical classifier, and two launders or troughs, the one conveying 
the mill discharge to the feed end of the classifier and the other conveying 
the oversize from the classifier to the feed box of the mill, The mill if 
equipped with a 

iral scoop feeder, 
which picks up the 
new feed and the Crey- Classifier 
classifier discharge /ofing 
from its feed box або 
and introduces them E 
into the mill through — oy 
desee tesa eal AES AD tre 
added in the feed — Ul mil” Dichorge Circulating Tube mil 
box to give the opti- js. 
mum consistency for 
grinding while additional water is added at the classifier to give the 
orresponding to the desired separation and for washing the rake product 
free from adhering fines, 

Two stages of grinding are becoming increasingly common while in certain 
instances three and four stages have been adopted profitably. In, general, 
coarse grinding to, suy, 35 to 48 mesh is carried out in ball mills (relatively 


Primary circuit overflow Bow! 
fo secondary circuit y У classifier 


Finished 


n 


closed-circuit grinding. 


ation 


£l ре 

hH Ch rill 
Feed trough 
Slime dicharge 


Sand alschorge tkvahiom Sime Erd 
| Рр А 
Sx ths position Pasi 
,Drchsifer Sard decerge а scoop 
Sand “a 


y 


Slime alsekarge Ц 


ри! | А 
Side Elevation Boar Ire of fark? Elevation, Sand End 
Fra. 17.—Closed-circuited ball mill. 


large in diameter and short in length) loaded with balls ranging in size from 
5 to 2 in. in diameter. Single-stage classifiers are generally used with ball 
mills, 

Fine grinding to 100 to 325 mesh is generally accomplished in tube mills 
(relatively small in diameter and great in length) loaded with balls ranging 
in size from 2 to 34 in. Bowl classifiers are generally used with tube mills. 

The general arrangement of closed-circuit grinding equipment is shown 
in Fig. 17, representing a primary closed-cireuited ball mill for relatively 
coarse grinding, 35 to 48 mesh, and Fig. 18, representing a secondary closed- 
circuit tube mill for relatively fine separations, 100 to 325 mesh, 
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CIRCULATING LOAD LIMITS 


Ce already been pointed out that the circulating load may profitably 
the ailt up to several times the new feed to the mill. That being the case, 
сло Question is frequently asked, “What circulating load ratio should be 

"rried?" This is really an ambiguous question and one that will lead to 
great difficulty if not properly considered. What is actually required for 
Ret grinding is a proper loading of the mill. To bring this about, there 
11984 always be added to the new feed the correct amount of circulating load 

Om the classifier to give the optimum tonnage through the mill. When the 
Problem is considered in this manner, it takes on a new aspect, as the follow- 
ing will show: 
iiss every grinding unit there is available an effective volume through which 

ded Will pass, which, if properly utilized, will lend to maximum capacity. 
tie ever, if the tonnage of total feed becomes excessive for the total volume, 

Will he mill will "choke," Changing the dilution of the pulp in the mill 
{ull not remedy the congestion, for the available mill volume has been 
‘axed beyond capacity, and the stoppage is due to overloading. 

n П hus, as data from actual practice have proved, the total tonnage of 
«90 through the mill and not the circulating load ratio is the important 
Consideration in obtaining best efficiency from closed-circuit grinding. Gon- 
{i ing actual mill loadings, a review of several important grinding applica- 
(1058 Which used the heavy-duty Dorr classifier in the circuit has shown that 

he total tona of feed to the grinding unit has fallen in the range of 14 to 20 
tons per day per ou. ft. of mill volume. 

Size Control. Increasing recognition is being given to the fact that in 
many enses the utility of a finely ground product is dependent upon, not one, 

ut two things. These are (1) its degree of subdivision and (2) the size 
distribution of its particles. In other words, it is not enough to specify 
Simply that a product be ground to, say, 90 per cent minus 200 mesh. Several 
Samples of the same product may all pass 90 per cent through а 200-mesh 
Sereen; yet, if not ground under exactly the sume conditions, these samples 
may have entirely different distributions of particle sizes. Hence there may 
he widely varying characteristics in the aggregate. 

Ав а rule a properly adjusted closed-circuit system comes nearer to pro- 
ducing the mesh distribution desired than any other method. This is true 

cause the closed-circuit system allows one to "bunch" the grind. For 
if we wish to grind a 14-in. feed to 97 рег cent minus 200, open-cir- 
ing will produce much greater quantity of this as minus 325-mesh 
SUperfines than will closed-circuit grinding. At the same time there will 
Pou be considerably more plus 150-mesh material in the open-circuit 

‘oduct, 

Fineness of Grinding. The operating data tabulated below are from 
the portland cement industry and give a comparison of size distributions 
and fineness of grinding obtained by grinding in open and closed circuit. At 
the plant where these results were obtained, a year's operation with open- 
circuit grinding gave an average fineness of 89 per cent minus 200 mesh and 

per cent plus 100 mesh. Under closed-circuit conditions the average 
fineness has been inoreased to 97.5 per cent minus 200 mesh and nothing on 
100 mesh, while at times, when handling only 50 tons per hour per mill, the 
fineness has been held at 99.9 per cent minus 200 mesh and 95 per cent minus 
325 mesh, 
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The table below shows the distribution of sizes as determined by screen. 
analyses, elutriation tests, and microscopic examinations of particle sizes. 


Table 4. Comparison of Size Distribution 


| Open circuit, Closed circuit, 
Mess 55 % cum. S+ % cum. 


Sieve Nos 

: $ 103358 

| 5 

3 ЕН $8 15 

4 48 | 0% 225 

i t |. $8. 38 

1 24 5 

7 200 6. 11.00 16 2.6 
м | 325 (Not recorded) 84 по 

lutriation jar: 

ras Го us E 

1 | 4 | 

5 | 820* 34329 | 67 42 

И ЕТЕН 

Overfow. | | 587 51.8 


* Average particle site determined by niicroseopic examination. 


А study of these particle-size determinations indicates (1) an elimination of 
stray oversize, coarser than critical size, (2) a substantial reduction in plus 
200-mesh material, and (8) less superfine as indicated by final elutriator 
overflow. 

Another size analysis that shows how the substitution of closed circuit for 
open circuit results in a reduction in plus 150-mesh material and also in the 
superfines, is shown in Table 5, This size analysis was made by means of an 
Oden sedimentation balance, a device for making very accurate sine deter- 
minations in the micron ranges The open-circuit analysis is of a month's 
composite sample of cement slurry ground by the open-circuit method at.» 
well-known cement mill. The closed-circuit sumple was taken from closed- 
circuit grinding operations at the same mill, 


Table 5. Oden Size Analysis of Cement 


Diameter, microns | Equivalent sieve шеей, | . Open circuit, $i cum. | Closed circuit, % cum. 


0.32 
0.68 

2.18 0.08. 
4.10 0:38 
7.85 3.75 
"s 15.6, 
15:9 19.15 
19.3 23.3 
235 31.0 
Z6 342 
38.1 39.4 
300 449 
45 51.7 
534 57.0 
57.6 60,5 
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Savings, 
the following 
Were recorded: 


At the cement plant from which the above data were obtained 
Savings in grinding power and grinding media consumption 


Table 6. Savings in Power and Grinding Media 


Consumption per bbl. | Open irit | Closed байа, % 
| 5.5 3.01 45.3 
| 0.086. 0.057 33.7 
| 0.321 | 9.112 65.1 


Automatic Control A point worth noting is that in closed-circuit 
&rinding the classifier gives a control that automatically takes care of such 


Classifier 


REZE e: > 
Р 
CLBowl SS Y 
Полли 
Feed End Elevation Side Elevation Discharge End Elevation 
of Mill of Mill 


F 


18.—Closed-cireuited tube mill, 


Small fluctuations in character nnd rate of feed as would otherwise cause 
Variations in the finished product. ` Harder feed, for example, simply increases 
the circulating load. 


Metallurgical Operating Data 


The operating data given below, taken from metallurgical practice, are 
Srranged to emphasize certain important facts relating to closed-circuit 
grinding. 


ExawPLzs or Crosep-crreurr GRINDING IN MINIS 


Closed Circuiting Increases Mill Capacity. When grinding a sub- 
Stance so that all of it shall pass a screen of a given size, the capacity of the 
mill may be increased by closed circuiting it with a classifier. 


Example 1, Mill = 6 by 20 ft. 
Feed = —6 mesh. 
Product = 8 per cent + 100 mesh. 
Capacity, open cireuit = 144 tons, 24 hr, 
Capacity, closed circuit = 240 tons, 24 hr. 
Capacity increase 96 tons, 24 hr. 
Closed Circuit Fine Grinding and W 
lustry, Rock Products, Jan. 5, 1929. 


Ivpusrares* 


hat It Should Accomplish in the 
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Percentage increase in capacity = 86. 


—Taggart, " Handbook of Ore Dressin, New York, 


р. 455, Wil 


1927. 
Ezample 2. Wright-Hargreaves Gold Mines, Kirkland Lake, Ont.: 
Product = —200 mesh. 


Capacity, open circuit = 190 tons, 24 hr. 
Capacity, closed c 
Capacity 
Percentage increase in eapacity T. 
Ezample 3. Phelps-Dodge Corporation, Morenci, N. M.: 
Product = —65 ше 
Cay open circuit = 89 tons, 
Capacity, closed eiren 174 0 
‘Capacity increase = 85 tons, 24 hr. 
Percentage increase in capacity 


Classifier Determines Capacity, Not Mill. The capacity of the clc 
circuit is frequently, if not always, determined by the classifier, not the mill; 
ie, additional classifiers increase the capacity of the circuit without, any 
increase in size of the mill. 


Example 1. Tough-Oakes Gold Minos, Ltd, Kirkland Lake, Ont.: By using two 
clunsifiers in closed circuit with a given mill, the capacity of the cirouit was 28 per vent 
greater than the capacity of the mill in closed circuit with a single classifier, 

Hzample 2. Consolidated Mining and Smelting Co. of Canada, Kimberly, В. 
Same as Example 1, only the capacity was increased 35 per cent. 

Ezample3. Nevada Consolidated Copper Co., Hurley, N. М. 

Produet = —65 mesh. 
One mill in closed circuit with one claasi 
Capacity = 150 tons, 24 hr. 
One mill in closed circuit with six classifiers: 
ity = 800.tons, 24 hr. 
ity inerense = 650 tons, 24 hr. 
Percentage increase in capacity = 

Closed Circuiting Reduces Unit Power Cost. 
drive a given mill remains practically constant rega 
and, accordingly, increased capacity, due to closed 
diminished power costs per ton finished product. 


са 


з. 


The power" required to 
less of tonnage fed: 
cuiting, results in 


Example 1. Lake Sho land Lake, Ont. 
Percentage close iting increased capacity = 44.70, 
Power consumption was reduced 10 per cent (due, по doubt, to hetter 
bala th heavy feed). 
Percentage reduction in power per ton of finished product — 3 
Example 2. Lucky Tiger Mine: 
Mill = 5 by 14-ft. tube, 
Feed = 11 to 20 per cent + 20 mesh. 
Finished product = —100 mesh. 
Power was 47 hip, throughout tests, 
Capacity, open circuit ns, 24 hr. 
Capacity, closed cireuit = 37 tons, 24 br. 
Tons of — 100 mesh, per h.p.-br., open cireuit = 0,016. 
Tons of — 100 mesh, per h.p.-hr., closed eireuit = 0,055. 
Percentage unit power eost reduced = 71. 
— Taguart, ' Handbook of Ore Dressing," p. 456, Wiley, New York, 


Erample 3. Mill 
Fe 


inished product = 100 per cent + 100 mesh. 
Capacity, open cireuit = 144 tons, 24 hr. 
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Power consumption, open eireuit = 75 kw. 
"Tons of 10 per cent + 100 mesh per h.p.-hr. 
Capacity, closed circuit = 240 tons, 24 hr. 
Power consumption, closed cireuit = 65 kw. 
‘Tons of 10 per cent + 100 mesh per h.p.-hr. = 0:1087. 
Percentage unit power cost reduced = 48. 

—Taggart, “Handbook of Ore Dressing," р, 455, Wiley, New York, 

1927. 


Closed Circuiting Reduces Wear on Liners and Balls, Through a 
etter loading of the mill with coarse classifier oversize, the abrasion of metal 
ners and the consumption of grinding mediums are greatly reduced. 


Елате 1, Lake Shore Mines, Kirkland Lak 
Consumption of steel per ton f 
Open circuit = 6.5 Ib. per ton. 
Closed cireuit = 3.2 1b. per ton. 

Percentage reduction in steel loss = 51. 
Chino Copper Company, Hurle 1. 
One mill and one classifier in closed circuit: 
New feed = 150 tons, 24 hr. 
Ball and liner wear = 3.2 Ib. per ton finished product. 
One mill and aix classifiers in closed circuit: 
New feed = 240 tons, 24 hr. 
Ball and liner wear = 1.5 Ib. per ton of finished product, 
Percentage reduction in steel loss = 53. 

s The Higher the Circulating Load the Lower the Unit Grinding Cost. 
hereasing the circulating load of a closed-circuit mill has the same effect 

On the efficiency of grinding ав increasing the new feed to an open-circuit 

mill. ı Capacity increases and all unit costs decrease throughout the entire 

‘ange of circulating loads from 0 to 1100 per cent of the new feed, and the 

Upper limit of this relationship has never been reached. 


.0565. 


be 


Ont.: 
ished product: 


Егатріг 2, 


Example 1, Quoting from Oughtred's paper (Trans. Can, Inst, Mining Met., 1028, 
Y. 310) on the Sullivan concentrator of the Consolidated Mining and Smelting Company, 
‘imberly, В. “An abnormally high circulating load is maintained, consistent with 
the mechanical limitation of the machines, Normal circulating load at the present time 
Tanges from 1000 to 1100 per cent, ог an equivalent of 3000 tons of sand per standard 
ава бог.” 

„Ezample 2. Quoting from the report of high-circulating-load tests at the. Nevada 
onselidated Copper Company, Hurley, М. M.: "Only the structural limitations of 
Section 7 prevented us from obi ining the ultimate capacity of a ball mill in these tests, 
ied enough to discover that we could reduce the cost of producing —65-mesh 
ч à from around 20 сів, to about 5 eta. per ton by using all the classifiers on 
“single mill. We de! wly learned that 3500 tons per day is not too great в feed for 
the above conditions." 

(Norn: The ball mill referred to was 7 ft. 

Summing up, it may be stated that in the field of metallurgy, both theory 
and practice agree on the desirability of closed-circuiting wet-grinding mills 
With classifiers, since closed-circuit operation increases capacity, reduces 
unit power cost of grinding, cuts down the wear on liners and grinding 
mediume and in general permits the mill to be loaded to its maximum output 
of material of а specified size. The above advantages have the cumulative 
effect of reducing the unit cost of grinding, controlling accurately the size 
of the maximum particle in the finished product, and limiting the tendency 
to overgrind а large portion to semicolloidal size. WE 

Operating Costs, The unit power consumption for fine closed-circuit 
grinding at metallurgical plants varies somewhat, depending upon the degree 


meter by 10 ft, long.) 
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to which the ore is crushed before grinding and the fineness of the overflow 
from the classifiers. 

Studies made at eight plants have yielded the data presented in the table 
below. All these mills crushed their ore to 14 to J4 in. before grinding. 
Expressing the power consumption in terms of tons of 100-mesh and tons of 
200-mesh material actually produced eliminates any error which otherwise 
might be introduced by different classifier settings. Most of these plants are 
making separations at from 48 to 65 mesh. 


Table 7. Unit Power Consumption for Fine Grinding in Western 
Copper Plants* 


Киль. | Килы. 
per ton, | per ton, 
| 100 mesh | 200 mesh. 


7.90 | 10.80 
853 | 975 
895 | 1:66 
9:20 | 11:69 
10:10. | 13.10 
10:61 | 14.56 
10.74 | 14.80 
з | 11.69 
9:24 | 12:25 


* Anable, Cement Industry Investigates. Metallurgica! Grinding Methods, Eng. Mining Ја vol. 12% 
No. 4, p. 188, Feb, 24, 1930. 

‘The gradual wearitig out of mill liners and steel balls represents an appre- 
cinble item of the operating cost. Table 8 below gives some practical operat- 
ing data on this point. 


Table 8. Consumption of Liners and Grinding Media at Closed- 
circuit-grinding Installations in Metallurgy 


Primary | Sende "Рау 
Lake Shore Mines, Kirkland Lake, Ont | + [рее 
Chino Copper Company, n N. M | н 324 
Cananen Consolidated Соррве Co., Sonori, Мек 0489 iias -1:742 
Phelps-Dodge Corporation, Bisbee, Aris | 3.72 


‘The cost of replacing media and liners amounts to 80 to 90 per cent of the 
maintenance cost of cylindrical mills. Grinding media, such as balls, 
rock, or flint pebbles, wear much more rapidly than the steel-mill liners, 
(рр in the ratio of about 3.5 to 4.5: Forged-steel balls cost from 

2.5 to 3.25 cts. per lb., the higher price being for the smaller sizes, High- 
carbon steel rods sell at per Ib. over the base price for merchant 
bars which usually range from 2.5 to 2.75 сів. per Ib. Manganese-steel 
liners cost from 8.5 to 11.5 cts. per lb., depending upon the size and weight of 
the individual castings, the higher price being for the small, light castings. 


Cement-slurry Grinding 


Tn this industry, open-circuit two-stage grinding has been standard practice 
for many years. Combination or compartment mills are generally used. The 
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mill is divided into two portions by a vertical, slotted grid, the primary com- 
partment being loaded with 2- to 5-in. balls and the secondary with 34- to 


in. balls: Recent- тоне омањег 
у, however, many 


We t-process cement ak 
mills have adopted 

two-stage  closed-cir- 

cuit grinding, either 

using the existing 

combinatio 

Partmont mills or Ph 


preferably separate "FEEDERS 


ball mills. Four mills ЖИМ TANKS DORR 

of this type are in г i SS CLASSIFIER A 
Operation and several т v AL 

r under consider- WATEPTOREUSE REUSE, 

‘tion, The following x uU fait TARE BOWE CLASSIFIER 
scription relates to 


the mill of Universal 
tlas Cement Com- 
Dany at Leeds, Ala., 
вв reported by Coun- 
Selman Tech. Pub. 109 


ent grinding 


Am. Inst. Mining Met. Engrs., 1939. 


CLOSED-CIRCUIT GRINDING CEMENT RAW MATERIALS 
AT LEEDS 


After several years study, the Universal Atlas Cement Co. decided in 1937 to rebuild 
а Plant at Leads, Alabama, ‘The entire old plant, which was to operate during tlie new 
natruction, was then to be scrapped with the exception of two kilns. The quarry 
Was to be mechanized, new and larger kilns installed, with the most modern type of 
"Quipment all through the plant, 
Wo-stage, closed-circuit grinding (Fig. 19) was decided upon to reduce 1-in. material 

ig the ball mills, it was felt desirable to have the primary and 
condary milla of exactly the same size, во that all parts would he interchangeable, 
ter study of the grindability tests, mills were specified to be 9 ft. diameter inside the 
iners by 8 ft. long fram the hend liner to the grid plate. Throat und discharge trunnions 
‘are 22 in, and 24 in, clear diameter. The feed scoops are 4 ft. O in, radius, The dis- 
charge grates of the primary mills haye slots 34 . outs 
fnd the plates аге 134 in thick, On the secondary mills the tapered slots are 3j in. wide 
inside by 34 in. wide outside, «ame plate thickness. These slots extend inward for 18 in. 
from the inside of the liners toward the axis of the mill, the central portion being blanked 
of, All of the material passing through the mill must therefore puss through these slota 
near the periphery, но that these are low-level mills, Internal radial lifters inside the 
discharge head raise the mill product to the discharge trunnion, and are so arranged that 
there is no spillbaek through the slots. The mills havê water-sooled, babbitted beatings, 
„j be primary mills rotate at 19 r.p.m. and are fed heat-treated steel balls 4 in. in 
diameter, of about 500 Brinell. The secondary milis run at 17 r.p.m. and 2-in. balls are 
make-up. Mixed charges were put in the mills at the start. Motors are 350 h.p. 

180 r.p.m, synchronous, 2200 volt, capable of 100 per cent overload at 40°C. te 


. wide inside, tapering to 1 le, 


‘The discharges from the primary mills flow b; 
to 8 ft. by 25 ft. 6 in. classifiers with 20 h.p. 
shout 12 bp. Sands are conveyed to the primary bal 
Ieunders having 714 h.p. moto 

‘The overflows of the primary classifiers go by gravity, in a Inunder having а slope of 
2 in, per foot, to the bowl classifiers, which are 16 ft. wide by 39 ft. long by 24 ft. in 
ameter, and any finished material overflows without getting into the secondary ball 


t u slope of 184 in. рег foot 
‘tual power consumption is 
l-mill scoop boxes by vibrating 
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mills. The rakes of these machines are driven by 20-h.p., constant-speed motors, 
actually taking 13 h.p. with normal load. The bowl is driven by а 10-h.p. motor with з 
variable-speed reducer to provide adjustment for helping control the fineness, Actual 
power consumption is about 024 В. 

The rake products of these classifiers are elevated by 12 ft, diameter sand wheels, 
rotating at 914 r.p.m., driven by 10-h.p. motors, and flow down a slope of 414 in, per foot 
to the scoop boxes of the secondary ball mills described above. The ball-mill discharges 
flow to the bowl classifiers, the launder slopes being 154 in. per foot. 

‘The overflows of the two bowl classifiers flow by gravity.to a sump, and from there 
are pumped by ane of two rubber-lined pumps, with 75-h.p. motors at 2500 gal. per min. 
through a 12-in, line to the distribution box between the two thickeners, the underflows 


Table 9. Typical Results—Closed-circuit Cement Grinding 
Unit Мо, 1,* 74-in. Wide Slots in Primary Mill Grates 


| Pri- | Beo- | pi | Seo 
| Pri- | Pri | mary-| ond- | Bowl | Bowl} Pri- | and- 
New | mary | mary | may Bowl | да | mary 
Opening Nog | ш | 4 | Saas | ай | aipat | а 
is | бт | ayer- | dis | ands | ger- | Inting | tating 
charge | sands | gyer | oi flow | lod | 18008 
| | 
| 
26 
54| 03| 12 
107 3.7] 35 
30| 68) 71 
47| 13:2 | 164 | 
483 | 145 | 182 
623 | 213 | 321 24 
740| 372 | 587 166 
845 | 612 | 8&5 168 | 351 
| 90| 750 | 940 198 | 340 
92:2 | St6| 962 25 | 22 | за 
94.0 | 85.4 | 970 Бо mo | 331 
Specific surface. Sl EEE E Бы |. 


"Tons per hour... по avg. 
НО, per cent. | E 203 
Unit Мо. 1. 3;-in. Wide Slots in Primary Mill Grates 

Inch: 

th 26 | 

%... с 54 

ALS erts 107 |. 02 

чи | 23.0 | 06] 09 
Mesh: 

TA 45,7| 35| 7.8 

t$ 483) 40| 89 

ORI [OE ACIE? у Vot Pont tet » 

+14 740 | 206 | 412 | 06 96 

+28 845 | 450| 763| 136) 10] 49 100 

n 90| 605 №1 326| 80 226 9 | 223 

+100. 92.2| 713 33| 484| 374 | 621 104 | 196 

3200. 940 | 766 | 952) 589) 6,2 | 915 | 101| 95 | 20 

357 | | mil 
Specific surface ee | 493) Bost | Best 
Tons per hour.. $0 |102 _| 102 | 50 | awe. | avg 
HAO, per cent. 552| 342| 30.5| 84.5] 100 | 203 


* Approximately 6000 1h. less ball load than No. 2 unit. 
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nes are pumped to feed tanks ahead of the kilns. Five tables of operating data 
OW, giving typical closed cireuit grinding results as of Nov. 19, 1938. 
Table 10. Sedimentation Analyses of Bowl-classifier Overflows by 
Wagner Turbidimeter Method* 


Particle size | Unit No. 1 | Unit No.2 


13.0 10.1 
| 24 19.2 
24 24 
55 226 
288 25:6 
3512 23 
| 332 31.2 
| 373 33.2 
| wo 37.4 
PH 01 
49.6 57 
56:6 52.4 
613 58.0 

vital assumed, for specifie surface ealulations, that the averago diameter of the minus 2 par- 


Table 11, Tonnages and Power Consumptions 


Tost data, | 


Power readings, kw. 
tons per РЕ 
Bdtscale settings: sil я hu Ball wills... 
Limestone... —....- 9.0 xidary ball ill 
Shale, desi edad | 150 | Primar, ВА 
Sandstone 22.9] i 
3.8 
| | ешт, rotation 1 НА both unita 
| Kw-hr. per barrel 140 


Table 12. Power Consumptionr per Barrel* of Cement 


cy. | Кир per 
m | bai?” 


Equipment | 
Primary mill Е EEE E: 
Secondary mill 305 3.4 
imary classifier. 9 
low] classifier: | 
takes, ..... | 0.14 
Bow! у 
‘Thiokener. | D 
Total power. 3.58 


* 625 Ib. of raw materials—limestone, shale, and sandstone—are required to make a barrel of finished 
coment. 


POWER REQUIREMENTS 


In addition to more uniform grinding, one of the principal advantages of closed-circuit 
grinding is saying in power. At most plants having open-cireuit wet grinding in а two- 
compartment: mill, the power required for the mills alone for raw-grinding enough 
material to make a barrel of cement (the relative grindability of the mix being almost 
the same as at Leeds) amounts to about 7.5 kw.-hr. At Leeds, when grinding in one 
unit 54 tons per hour, equivalent, to 173 bbls., the power readings were 3.58 kw—-hr—a 
saving of 3.92 kw,-hr. per barrel, or, on a 4000 bbl. a day basis, a saving of 13,700 kw.-br. 
per day. 
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‘The power consumption of 3.58 kw.-hr. per barrel, for reduction from 1 in. to 200 mesh: 
is equivalent to 11.45 kw.-hr. per ton. This can be broken down to в consumption of 
5.55 kw.-hr. per ton, for reduction from 1 in. to 14 mesh, and 5.90 kw.-hr. per ton for 
reduction from 14 to 200 mesh. This compares very favorably with metallurgical 
practice. 


Whiting, Lithopone, and Abrasive Grinding 


Whiting (French, Cuban, English, or domestic chalk), lithopone (chem- 
ically precipitated BaSO,.ZnS) and abrasives (Aloxite, Carborundum, etc 
used to be ground and sized by relatively crude intermittent methods, The 
substance was first wet ground to a fin approaching that desired for the 


Thickener over flow" ~ < ка 
Minimum slope of scoop Sg inate 
Барра тае урат 


Launder slope 3 per ft. 


tofmill 


Classifier тї 4 Сета! рит 
bow ^ Pur well vid 


Fro. 20,—Wet closed-circuit grinding of whiting. 


final product. The charge was withdrawn from the mill in the form of a thin 
paste or slurry, and the suspended solids were then sized by diluting the pasto. 
or slurry with water and allowing it to flow through a series of tanks of various 
sizes, the first in the series being the smallest and the last, the largest, In 
certain cases, especially in the abrasive industry, as many as a dozen or more 
tanks are frequently used. The material overflows from each tank into the 
next succeeding one and, owing to different settling periods provided, the 
coarsest and most quickly settling material settles in the first and smallest 
tank, the finest and most slowly settling material in the last and largest tank, 
and the intermediate sizes are collected in the tanks between the two extremes, 

In certain cases, the materials are dry ground and sized pneumatically. 
Dry treatment, however, is outside the scope of this section. 

Whiting Classification, The tendency toward the production of but а 
single grade or fineness of product in preference to variously sized products 
led to the development of the arrangement shown in Fig. 20 for the prepara- 
tion of —300-mesh loated whiting. Crushed chalk is ground in a 
cuit with a bow] classifier. Classifier overflow is thick- 
ened in в continuous thickener, thickener discharge is dewatered on a con- 
tinuous vacuum filter, and filter cake is dried in a dryer of the rotary-kiln 
type. In certain plants, mullers, ùe., round or square tanks with revolving 
stones running on their edges upon the bottom, supplement or entirely replace 
the cylindrical mills. 

Tables 13 and 14 give certain operating data from two installations of 
this general type. 
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Table 13. Plant А. 31 Tons Whiting per Day 


Dilution off Sereen analysis cumulative 9j 
water to 
solid 


4-100 | 4-150 | +200 | -+325 | —325 


Bowl-oluitier feed 

ordei ovg: dile 15 
pkeluesifer rake product 22,4 | 41.6 253 
lickener discharge, rs pm 25 
ваша Нее discharge. Е i 25 


Table 14. Plant В. 40 Tons Whiting рег Day 


ты eer wet |. | 14] 1.8) гэ] 48 97 
Lelasifier overilow...... 621 | 6 | 41 95; 
вое rake product i nus | ii | 242 | 563 | 2059 | 96:4 | 13:6 

Kener discharge. -, iit || aaa se | 0,6 | 4:1 | 95,9 


Lithopone Classification, Finished lithopone, after calcination and 

Quenching, is generally reduced to the desired fineness by wet grinding in a 
tube mill in closed circuit with a classifier and a hydroseparator. The prin- 
"10е of operation is the same ав that used in the closed-circuit grinding of 
Metallurgical ores, cement slurry, and whiting, but the product is ground to 
A much finer degree. 
„ Since discoloration of the pigment must be avoided at all cost, the classify- 
ing equipment must be constructed of wood or such special, non-tarnishing 
Alloys as aluminum-zine. Instead of using а bow] classifier, it is the practice 
to use a standard classifier of wood construction in direct-closed circuit with 
the tube mill and а hydroseparator (an undersized thickener) also constructed 
Of wood for reclassifying the classifier overflow... This arrangement is equiva- 
lent, in so far as results are concerned, to а tube-mill bowl-classifier layout 
and may more easily be provided in acid-resisting construction. 

‘The tube mill, lined with silex blocks and loaded with flint pebbles, receives 
the quenched lithopone and discharges to the classifier. The classifier over- 
flow is pumped to the hydroseparator for reclassification, and the classifier 
rake product is returned to the mill for further grinding in the conventional 
manner, 

"The hydrosepar 


tor, a shallow thickener insufficiently large to settle all 
of the lithopone, overflows the finest material, and discharges a pulp contain- 
ing intermediate-sized lithopone which is pumped back to the tube mill for 
tegrinding with the classifier returns. The fine, hydroseparator overflow is 
dewatered in a thickener, filtered on yacuum filters or presses, dried, and 
packed for shipment. The pulp and solutions are generally maintained at a 
temperature of about 140° to 150?F. in order to facilitate the making of the fine 
Separations required. 

‘The following data were obtained at one of the plants grinding lithopone 
in this manner; 
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Table 15. Making 350-mesh Lithopone 


Dilution 


water to | % + 350M 
solids 
Feed to tube mill. ..... | 7.0 
‘Tube-mill discharge 45 
Classifier overflow. 2.6 
Hydroseparator overflow. 0.25 


Abrasives Classification. In the preparation of finely divided abrasives, 
such as Carborundum, Aloxite, Alundum, etc., wet grinding and classification 
are generally employed, Experience has shown that hydraulic classifiostion 
into a variety of different sizes is greatly simplified if the feed to the series 
of hydraulic cones has first been classified so as to remove, first, the very coarse 
grains and, second, the very fine—almost colloidal—grains. Apparently 
the presence of these end sizes interferes with the proper regulation of the 
hydraulic cones. 

To meet this condition, a unique closed-circuit grinding layout has been 
adopted by four of the large abrasiye compat ‘The crushed abrasive ів 
ground in в ball mill, operating in closed circuit with a bowl classifier, All 
oversize material is eliminated at this point and returned to the ball mill for 
further grinding. The overflow from this first bowl is pumped to n second 
bowl classifier which overfiows to waste those superfine grains which are 
injurious to the operation of the hydraulic cones. The rake product of this 
second classifier is the finished product and contains a range of sizes of grain 
which may later be easily separated into the desired commercial grades, 

‘These abrasive installations are unique in that the second bowl classifier 
makes а separation ‘ound the equivalent of 600 to 700 mesh. So delicate 
is the adjustment, that sometimes a dispersing agent, sodium silicate for 
example, is used, especially if the plant's water supply contains a trace of 
acid or other floceulating agent, 

‘The following operating data are typical of results secured at в fine abrasive 
plant producing as finished product grains ranging in size from 0.10 to 0,005 
mm.: 

Table 16. Moisture Determination and Microscopic Analyses of 
Products in Classification Circuit 


| Approximate distribution of grain sises In mm,* 

% Dry ? = 

зз aes solids | Ib per | | Finer 
| | mud |0.06-0.050.05-0,025/0.025-0.005| har 

| cae | 0.005 


% % % 
41.5 | #70 35 20 10 D] 
6:9 | 37 47 30 15 5 
12.0 | 553 20 
ie] m| i ‘Trace | Trace | Balance 
20:0 | 173 | i 50 20 10 


= Made by microscopic examination, 
+ Finished product, 


SEDIMENTATION 
BY ANTHONY ANABLE 


CONTINUOUS THICKENING 

Definition. The term "sedimentation" or "thickening" generally 
Tuplies gravitational settling of solid particles that are suspended in в liquid. 
t may be divided into two general classes, sedimentation of sandy material 
and sedimentation of slimes. Usually the term sedimentation or thickening 
implies the removal of the bulk of the liquor or water from the slime by 
Settling. 

„ Mechanics of Clarification (Deane, Settling Problems, Trans. Am. 
Electrochem. Soo., р. 650; 1920). In all clarification problems, dilution ratio, 
pi the weight ratio of liquids to solids, has а most important bearing. If, 
or example, a thin pulp, say a greatly diluted metallurgical slime, is poured 
110 а glass cylinder and is allowed to settle, the following is observed: 
First, we seo that a classification takes place, in which the coarsest particles 
Settle to the bottom at a comparatii} Лу rapid rate, while the finest particles, 
Eling at a slower rate, remain on top, with gradations in size ranging 
between these limits, All the particles have free movement and, excepting 
Those of colloidal size, settle at a constant velocity, which is expressed mathe- 
matically by the formula of Stoke 

Stokes’s formula for spherical grains is 


_ gD*(p, — p) 
а 187 


where u = terminal velocity; D = diameter of the sphere; 0 = acceleration 
tue to gravity or 981 em. per sec.; р» = density of sphere; р = density of 
the fluid; » = coefficient of viscosity of the fluid; the quantities all being 
expressed in c.g,s. units. 

For water at 20°C. 
~ p = 1, snd у = 0.010 
Expressing u in millimeters per second and Р in millimeters, the Stokes 
formula becomes: 


и _ 981(p — 1) 2} 
10 © 18 0.010 V10 


Simplifying, 


Later we see that a gradual clarification takes place, relatively slow in the 
last stages if very fine particles are present, and that there is an absence of 
uy line of demarcation between the settling solids and the supernatant 
iquid. 

Now let us gradually increase the density of the pulp by adding amounts 
Of solids and note what happens after each addition after the resulting pulp 
has been well mixed and allowed to settle. We observe, first, that a dilution 
is reached in which the fastest settling particles form into a zone and settle 
from then on collectively and at retarded rate; second, that this zone com- 
тепсен to form at progressively earlier periods until eventually a point is 
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reached where the initial subsidence of solids is in mass, no independent 
particle movement being discernible, and proceeds with a sharp line of вера“ 
ration between it and the supernatant liquid; third, from this point, where thë 
subsidence takes place more or less at a constant rate, a point in concentration 
is reached where there is a marked decrease of the rate of settling. This i$ 
called the point of compression and marks the dividing line between th? 
zone of clarification and the zone of thickening. Accordingly, pulp? 
may be classified as follows: 


Table 1, Character of Subsidence of Different Types of Pulps 
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Character of 


‘Type of pulp | Character о Description Examples 
Clarification froe | Dilute Independent par- | Particles or focs settle inde- | Turbid water, вене 
settling zone ticle subsidence | pendently. No definite line | age, and trade 


of subsidence. Settling шь) wastes 
hindered and dependent upon 
sizo of particle or floc 


Intermediate | Phase subsidence | Urper zone of Independent par- | Chemical and met 
"cible subsidence, Lower zone | allurgical pulps 
of collective subsidence, Linel 
of demarcation not sharp 


Definite Uno of subeldenee. | Chemical and met- 
Settling rate decreas ‘allurgical pulpa 
Increasing concentrat 

solide. Settling 

by particle or Вос interference 


Polat compres | Concentrate 


Thickening com- | Compact | оса and particles in intimate | All pulps by sedi- 
pression sone contact, Subsidence due to | mentation past 
compression into this zone. 


‘The following is an abstract from Coe and Clevenger's paper, Methods for 
Determining the Capacities of Slime-thickening Tanks (rans, Am. Ins 
Mining Met. Engra., pp. 356-384, 1916) 

If a thin pulp, of a dilution of, aay 10 to 1, is placed in а 1000-6 
ough mixture, at least momen- 


» cylinder, after thor 


tarily, it forms a homogeneous fs 
masa ax shown in Fig. 18. After & 

а short timo, however, it assumes * 

а floceulont structure which, after ^r ЈАЈА 
settling a brief period of time, c S 
forms four distinct zones, A, B, C, 


and D as in Fig. 1F. 
‘The first particles that reach the 
bottom of the cylinder are the 
coarser gramular sands which may H 1 J 
be present in the pulp. Immedi- Fra, 1.—Six phases of sedimentation illustrating 
ately following this and somewhat intermittent thicken’ 
contemporaneously with the set- 
tling of the sand, the slime foca nearest the bottom settle, filling the interstitial 
spaces between the sand particles and build up, one upon another, in a zone of increas- 
ing depth. This we term zone D, which may be defined aa that portion of the pulp 
wherein the flocs, considered as integral bodies, have settled to a point where they rest 
directly one upon another. Alter the pulp enters zone D, further separation of liquid 
must come through liquid pressed out of the flocs and out of the interstitial spaces 
between the flocs. 


$ 
F3 


SEDIMENTATION 1621 


вера аму above zone D is a transition sone C. The pulp in хоне (С decrosace in 
Consiste lids from the bottom, where the flocs enter zone D, to the top, where the 
of oY of the floseulated pulp js the same as that of the original pulp. In speaking 
Of iho сей pulp, it is intended to eliminate from consideration the coarser portion 

ove uiained sand which falls directly through the overlying zones into zone D. 
tisten ay © 8 zone В, of constant consistency of flocculated pulp and of the same oon- 
Water У, s the focculated pulp in the feed pulp. Zone A, overlying zone B, is clear 
singe, 2 Solution. In the ease of a very rapidly settling slime, zone A in the earlier 
very шлу be turbid, due to finely divided matter remaining in suspension. Later this 
о 820 Material settles and the liquid becomes clear, although there are oases espe- 
long cin’ the liquid contains very little electrolyte, where it remains turbid for а 

ng time. 
care 1E shows a cylinder freshly filled with pulp of н consistency of about 10 parte 
Hof бо, Part оге. Та this illustration zone В occupies the total dept. Р, G, and 
ot Fig. 1 show progressive stages of settling in which zones А and D are growing 
пера zone В is decreasing in depth, and zone C remains constant, а feature of this 
Diewlar pulp. Figure 17 shows the condition when all of the pulp has entered zone 

ЧИ Compression of the slime flocs is going on, Figure 1/ shows the final stage of 
Settling, beyond which the pulp will not thicken further. 

‘th intermittent operation, any one of the stages described may represent the 
fondition in the thickoner depending 
fon the length of time that the pulp 
Ф8а been allowed to settle. In the 
ррегаНов. of continuous thickeners, the 
{Sed of the thin pulp at the center of the 
ank, the overflow of clear liquid at the as i 
periphery of the tank, and the discharge QU MN 
Of the thickened pulp at the bottom are Aseo Атой " 
generally continuous. In a continuous С ii 
Tiekener, the four zones previously 
described in discussing intermittent 
fling are generally present as shown 
in Fig, 2. At the top there is а zone of 
far water, A. Beneath this is, а sone 

» consisting of flooculated pulp of uni- 
Ormeonsisteney. Directly beneath this 
ition zone C, and at the bottom 
zone D of pulp which is undergoing chs 
Compression. In making teste, the set- Трес раа 
ing rates of thin pulps are determined — р, у 
by readings taken at the juncture of Fre. 2—Four zones of settling pulp illustrat- 
Jones A and В, i.e. where the pulp ing continuous thickening. 
%шасе joins the liquid. 


Clarification Capacity. The relationship, between the settling rates of 
particles &t their various dilutions, in terms of thickener area required, may 
be expressed by the following formula. 

1.333(Р — D) 

В Х sp. gr. 


wate 


کے ےھ 


Where A = square feet per ton of dry solids рег 24 hr.; R = settling rato in 
eet per hour of a feed with F dilution; sp. gr. = specific gravity, of liquid; 

= weight ratio of liquid to solids for the гаје R; = weight ratio of liquid 
to solids in discharge. 

By applying this formula to pulps of different densitiés, ranging in dilution 
from feed to discharge density, the zone requiring the greatest unit area is 
found, and it is this zone which determines the area that must be provided 
for the pulp being tested. 
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Thickening Capacity. The volume provided in a tank in the thickening 
zone depends directly upon the period of detention required for the sludge 
to reach the desired density and may be determined by the following formula. 


AT(G — sp. gr.) 
3005 — sp. gr) 


where V = volume in cubic feet required for thickening per ton of solid 
per 24 hr.; 8 = average specific gravity of thickened pulp during compression 
i specific gravity of clear solution; @ = specific gravity of 
solids in pulp; 7 = period of detention in hours. 
Mechanics of 
Thickening. 1000 \ 


There is a re- 
markable differ- 
ence in the 900 
thickening ргор- 
erties of various 
pulps, Some 800 | 


consolidate with- 
in a few hours to 
а dense sludge 700 |4 
that will barely 
flow through a 
pipe, wherens tho 
moisture content 
of others after 
settling for days 
wil not be re- 
duced below 95 
percent. These 400 
effects are largely 
due to differences 
in the specific 300 
gravity of the 
solids and. the 
physical differ- 200 
ences in the 
character and 
structure of the 
flows. Fro. 3 

Figure 3 illus- 
trates the phases of the mechanies of clarification and thickening of different 
types of pulp. 

Destabilization of Colloids. In all clarification-thickening problems, 
the aim is to obtain the lowest operating area (in terms of square feet pet 
ton of solids treated) permissible with satisfactory operation, including в 
safe allowance for variations in feed conditions, such ав dilution, temperature, 
degree of flocculation, particle візе, ete. From the formula for area it ія 
seen that the rate of settlement or clarification is one of the controlling factors. 
The area of а thickener varies inversely with the settling or clarification 
rate, other conditions remaining constant. 


= 

5 

E 
I 


5 
8 


Cubic Centimeter 


FEkvatien sludge lie 


Settling behavior of different types of pulps. 
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a Апу agency which will effect an increase in settling rave will bring about 
is the арип reduction in tank area required. As the rate of subsidence 
rates Ce itling rate of the slowest settling particles, the control of the settling 
quies Of the finest particles is extremely important. As the particles become 
wit the effect of gravity is gradually reduced and is eventually overbalanced 
ig the forces of surface energy and Brownian movement, and a colloidal state 
„одеће. where the dispersed particles remain in permanent suspension in 
9 uid. From a state of coarse suspension, through finer suspensions and 
ооо solutions to true solutions, there exists a perfect continuity in change 
“Г particle size and the change from one state to another is not sharply defined, 
conp Hr! metallurgical practice sands are considered to be particles 
овтзег than 200 mesh, 0.074 mm.; and slimes any material finer than 200 
ih. According to Zsigmondy’s classification of solid particles, the follow- 

& ranges of sizes are given: 

Suspensions. Particles coarser than 0.0001 mm. in mean diameter. 


quColloldal solutions, Particles under 0.0001 mm, and over 0.000001 mm. in mean 
ameter. 


True solutions, Particles under 0,000001 mm. in mean diameter, 
The metallurgi¢al and chemical pulps encountered in practice vary from 
21 to coarser suspensions, with relatively small amounts of colloidal material, 

Fobably the largest content of colloidal material is found in certain clays 
nd in sewage and trade wastes, 
ће most widely accepted theory in explanation of the stability. of the 
Colloid is based on the assumption of an electric charg carried by the particles, 
ıı nce phenomenon derived by preferential adsorption of either positive or 
ative ions from dissociation of compounds. Particles, charged with like 
pns, all positive or all negative, will be mutually repelled and remain dis- 
Persed through the liquid medium in permanent, suspension, 

In order to destroy this condition of stability and induce clarification, it is 
орбзевагу to neutralize the charge on the particle by introducing n charge 
91 ап opposite sign, by the addition of either an electrolyte or another colloid, 

“cordingly, negatively charged colloids are precipitated by positive ions, and 
Positively charged colloids by negative ions, and 
the neutralised particles agglomerate into flocs, 
producing the condition known as flocculation. 

ШӨ use of lime in cyaniding is a good illustra- 
Ion of such an effect of flocculation, 

;quipment Used. Intermittent Set- 
tling Tanks. This is the simplest and oldest 
device for thickening. 

‘he intermittent settling tank is of any con- 
venient shape or size, rectangular tanks, how- Batch Settling Tank 
tat: being more common than cylindrical. A mo, 4 Iatermivene Mone 
ischarge valve te is placed in the bottom ® 
5 ке valve ог gate is place tank, 
Or the removal of the thickened material. The 
tlarified solution is withdrawn either by a swing siphon as shown in Fig. 4 
through draw-off connections, located at suitable intervals along the side. 
is is a home-made device on which few or no operating data are available. 

Operation. The tank is filled with the pulp to be thickened, which is 
then allowed to stand undisturbed for the period of time which experience 

ав shown necessary for settlement of the solids and their compacting as a 
heavy, dense sludge in the lower part of the tank (Fig. 4), 

‘he supernatant layer of clarified solution is thereupon removed, by either 

Gradually lowering the swing siphon’ or opening the draw-off connections 
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onë by one, starting with the uppermost one and working downward. When 
the decanted liquid begins to show appreciable amounts of sludge, or the 
sludge level is exposed, the decantation is stopped as the sludge line has 
been reached and further separation by settlement cannot be obtained, 

‘The sludge-discharge valve or gate is now opened and the compacted газа 
flows out, aided possibly by a stream of water from a hose or by manual 
shoveling or sweeping. The valves are then closed, the tank refilled, and, 
after a suitable settling period, the cycle of operations repeated. Inter- 
mittent settling tanks are usually operated in groups of a half dozen ог 
so, one or more being filled, or emptied while settlement is taking place 
in others. 

Non-mechanical Continuous Thickeners. The settling соло is = 
non-mechanical settler. Continuous operation can be secured, since it із 
equipped with facilities for the continuous overflow of clarified solution and 
the continuous discharge of thickened sludge. 

‘The cone, as its name implies, consists of a conical tank, the angle at the 
apex of which is 45 to 60 deg. The conical tank is mounted with its apex 
pointing directly downward, being provided 
with a manually or automatically controlled 
sludge-discharge valve at the bottom and a 
centrally located loading well and peripheral 
overflow trough at the top. 

Equipment Used. а. The Allen Cone. 
This type is shown in Fig. 5. The feed 
enters through the central loading well. A 
the clarified solution, overflows into the 
externally located peripherul trough C, and 
the solids settle in the base of the cone К. 
The baffle B in the loading well prevents 
undue agitation. 

‘The solids settling in the cone К increase 
the density of its contents until the buoyant 
power of the sludge causes the actuator F to 
rise. This motion of the actuator is trans- V 
mitted by means of the connecting parts p,q 
G, H, and I to the ball valve J, which is 
thereupon unseated from the orifice in the apex of the cone thus allowing the 
thickened material to be discharged. 

Тһе weight carried by the actuator P is controlled by the position of thé 
weights D. Changing the weight or its position changes in turn the density 
of the sludge at which the actuator # becomes buoyant. 


Table 2. Allen Cone Sizes 
Depth, Inlet 


‘The Allen settling cone 


Diameter to Spigot 
30” sa 
vo rom 
80" ES 
So Фи” 


b. The Callow Cone. The apex angle of the Callow cone is 60 deg. Аз 
shown in Fig. 6, the feed enters through a semisubmerged well at the toD 
center of the tank. The peripheral trough for the collection of clarified solu- 
tion is formed by а metal strip, attached to the inside of the tank near the 
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Table 3. Callow-cone Sizes 


Outside diam. | Toeide diam. Depth (tank top to. | Overflow capacities 
(фаш. tank top) (diam. overflow welt) bottom spigot) Ерл. 
2 T | ya 
Ha zv | 1 
Уз yo" "> 
ao ¥ 0" and 4 0^ | 5 ом 6-8 
x» 4 7 sud 5 0" v oF 1-12 
Ee ¥ ¥ and 6 07 | e 104” 14-18 
iad | 73% ana 8:0” | a7 25-30 
top, 


Across the entire periphery. 

The thickened material is dis- 
Charged from the bottom of the tank 
by a bushing, a plug valve, or by an 
adjustable gooseneck siphon. The 
Purpose of the gooseneck siphon is 
to control the discharge density. 

lhe greater the elevation of the 
iphon discharge above the apex of 
the cone, the greater is the density 
of the discharge and vice versa. 

Mechanical Continuous 

hickeners. The Dorr thickener, 
of which there are several different 
types, consists essentially of а 
Shallow, cylindrical settling tank, 
equipped with a central feed well, 
Peripheral: ~ overtlow-collection 
trough, pump-regulated sludge-dis- 
Charge outlet at the bottom and a 
slowly revolving, centrally located 
Shaft, equipped with radial arma 
and plow blades for moving the 
Settled sludge gently to the central 
"ludge outlet. Distinctive features 
"re the use of shallow cylindrical 
tanks, mechanical methods for the 
Collection of the settled solids, and 
Volumetric regulation of discharge 
density by means of a diaphragm 
Pump with variable displacement. 

The Single-compartment 

Orr Thickener. This type is 
shown in Тір: 7. ‘The tank is cylin- 

rical and flat, bottomed, construct 
ed of steel, concrete, or wood, and 
М steel, may be rubber lined, or, if 
Wood, lead lined for acid-resisting 
annular in plan view and rectangular 


and fitted with an adjustable strip of belting to insure uniform overflow 


Main fonder 
Spout 
Rubber belt Float 


Cement grouting 
ip corner 


LJ 


Callow Slime Cone, 
Plan 
Fic, 0.— The Callow settling cone. 


An overflow-collection trough. 
n, is provided around the inside 


duty. 
in sect 
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the tank bottom. A dis- 
charge line extends from 
this cone to the suction 
side of а Dorreo dia- 
phragm pump. 

Astructuralsteel 
superstructure spans the 
top of the tank, support- 
ed by the tank sides in 
relatively small units and 
by steel or concrete col- 
umns in the case of the 
larger machines, In ad- 
dition to supporting the 
thickener mechanism, 
provision may be made 
for supporting the Dorrco 
pump, motor drive unit, 
and drive details such as 
pulleys, shafting, and 
speed reducer, 

The thickener mecha- 
nism consists of a central 
vertical shaft carried by 
bearings and a supporting 
bracket on the super- 
structure. The worm 
gear, splined to the verti- 
cal shaft, is driven by a 
worm on a tungential 
shaft mounted on the 
supporting bracket. 
The worm shaft is pro- 
vided with a pulley, 
sprocket, or gear for 
driving by belt, chain, or 
directly connected motor. 
At the lower end of the 
vertical shaft, a spid 
secured from which there 
extend four radial arms, 
two long and two short. 
‘These arms are inclined 
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top of the tank and is equipped with a leveling strip to ensure uniform overflow 
of clarified solution across its entire length. A discharge casting, constructed 
of east iron or hard lead (for acid-resisting duty), is secured in the center 0 


ар 
Җ, 


Overflow launder 


Worm gear 
Worm gear housing 


Lifting device. H 
Gearmofor Nw, | / feed launder 


Mech ху 4 / overflow [under 
Mechanism support X ЈЕ у leina siab, |] 


Wood tank féedwell^ |. Tie rod spider 


Vertical shaft 


k | 
\ 
‘Discharge сопе. \ 

Steel tank* 


Adjustable pipe spreader 
Dorreo valves 7 


SECTIONAL ELEVATION 
Fro. 7.—The Dorr thickener. 


to the horizontal plane, with the result that a slightly conical bottom of 
settled solids is built up under the plow blades which are attached to the under 
sides of these arms. Where the settled solids are too valuable to be used in 
forming the conical bottom, a cement or dirt fill may be used. These plow 
blades are mounted at an angle to a radial line and are so arranged that the 
entire area of the bottom is swept by them each revolution and solids deposited 
thereon moved gently toward the central discharge outlet. 


A manually 
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operated lifting device, mounted on top of the superstructure and engaging 
з сар, turned on the upper end of the thickener shaft, makes it possible to 
lift the mechanism vertically a foot or so to relieve the load when starting 
Up after a shutdown or operating interruption. The thrust of the worm shaft 
is borne by a spring-loaded thrust bearing, the displacement of which actuates 
а visible, overload-indieating pointer which calls to the attention of the opera- 
tor the presence and degree of overload. Should the overload increase to 
the danger point threatening a mechanical breakage, an electrical contact 
is made which shuts down the drive motor and rings a warning bell. 

, The Dorr Torq Thickener. This type of thickener, shown in Fig. 8, 
is also a single-compartment thickener but differs from the unit described in 
the foregoing by reason of its special, antistalling arm construction. ‘The tank 
is cylindrical and flat-bottomed, constructed of steel or concrete and infre- 
quently of wood. Feed enters centrally, overflow is collected peripherally, 
and sludge is removed from a central annular depression by a diaphragm 
Pump, 

The unique new feature from which this machine derives its name is a 
torque-actuated, automatic lifting construction that causes the rake arms 
to raise when an overload is encountered and to lower them again to the 
normal operating position after the overload has been passed. 


Position of arms i e ۶ 
7 1 у фп of arms 
normal operation И" Gosition of arm 


Fic, 8.—The Dorr Тога thickener. 


At the center of the tank there is placed a stationary column or pier, con- 
structed of steel or concrete. A compact drive unit is mounted directly on. 
top of the center column a foot or so above the water level. This drives a 
ball-bearing mounted turntable from which there is hung a central revolving 
cage, concentric with the column. 

Two, or in some cases four, radial arms, angular shape in section, are 

secured to the cage in such a manner that they are free to tilt upward and 
rearward, pivoting diagonally at their point of union with the cage. Nor- 
mally they slope gradually upward at a slope of only 1 or 134 in. per ft. 
But, during overloads, they may take a position many times as steeply 
inclined as this. 
If a heavy overload is encountered, the rakes first dig in until the increased 
torque thus imposed on the rakes reaches a safe, predetermined point, well 
Within the structural limits of the machine. Then, as the torque increases 
above this predetermined point, this increased torque is utilized to cause the 
take arms to swing gradually upward, pivoting near the tank center. The 
greater the torsional load, the higher swing the arms until the rakes completely 
clear the obstruction or reduce it to а lower torsional equivalent 

As the overload is reduced by the continuous raking action, the torque 
decreases and the rake arms drop lower and lower. Finally, when the torque 
has decreased to a value less than that predetermined in the design of the 
machine, the rakes resume their normal operating position. 
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The Dorr Tray Thickener. As shown in Fig. 9, the tank of the Dorr 
tray thickener is subdivided into a multiplicity of shallow, superimposed 
settling compartments by a number of slightly conical steel trays which are 
seli-supporting and attached to the sides of the tank by rim angles at their 
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SECTIONAL ELEVATION 
Fro. 9.—The Dorr tray thickener. 


peripheries. Bach compartment has an individual connection for feed pulp 
and for clarified overflow solution. The solids settled in each compartment 
are discharged by gravity into the lower portion of the compartment directly 
below through a centrally located, down-cast seal ring which is concentric 
with an upeast ring attached to the mechanism of the compartment below. 
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ES of sludge effectively prevents the intermingling of sludge and 
EL box, located slightly above the top of the tank, is provided with 
бошпу V-notch meters as there are settling compartments, thus assuring 

‘ut each compartment receives its portion of the total feed. The overflow 
Pipes from all compartments terminate in an overflow-colleetion box near the 
top of the tank. Adjustable rings on the ends of these pipes permit close 
fegulation of the volume of solution clarified in each compartment and assist 
in the maintenance of the correct depth of sludge bed in each, All sludge 
eventually reaches the lowermost compartment from which it is continuously 
removed at the proper rate by a Dorrco diaphragm pump. 

The tray-type thickener, similar in principle and in major structural details 
to the single-compartment thickener, provides the maximum capacity per 
unit of floor space. Since capacity is proportional to settling area and since 
each compartment operates substantially as an individual thickener, each 
Compartment added increases the capacity of the original single-compartment 
tank approximately 100 per cent. Several other types of Dorr tray thickeners 
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Tic. 10,—The Dorr traction thickener, 


furnished which differ from the above only in the construction of the 
truy and the feed, discharge, and overflow features, which latter are affected 
to а certain degree by the character of the pulp handled. 

The Dorr Traction Thickener. As shown in Fig. 10, this is essentially 
A single-compartment thickener, the distinctive feature of which is the applica- 
tion of the driving power to the end of а radial truss by means of a motor- 
driven carriage, running on the top of the tank sides. Feed enters through a 
loading well at the center, overflow is collected in a circumferential trough 
at the periphery, and sludge is continuously removed from the center by а 
Dorreo diaphragm pump. 

The driving truss extends from a stationary vertical column at the center 
of the tank, on which its central bearing is mounted, to the periphery of the 
tank where its driving unit is attached. It also extends in the opposite direc- 
tion from the center of the tank to a distance approximately one-third of the 
tank radius. Plow blades, secured to the lower chord of the truss, sweep 
settled solids into an annular depression, concentric with the central column, 
from which the sludge-discharge line extends. 

Connected to a source of electrical power, the central column supports slip 
rings which are in contact with brushes on the revolving truss, electrically 
connected to the driving motor. A stationary, bridge-type truss, extending 
from the tank periphery to the center, supports the feed trough and electrical 
conduits and serves as a walkway for operators. 


1630 MECHANICAL SEPARATIONS 


An under-speed alarm rings a bell when an overload occurs, and, if the 
operator fails to correct this condition at once, an automatic device shuts off 
the feed of the unit by opening a by-pass in the feed trough. 

‘The traction thickener is very rugged structurally and especially adapted to 
large tonnages and handling of severe raking loads. It may be furnished 
with corrosion-resisting 
construction. 

The Dorr Clarifier. 
The Dorr clarifier is 
especially adapted to 
the handling of light, 
finely divided solids 
such as trade wastes, 
water purification 
sludges, and domestic 
sewage. It is a modi- 
fication of single-com- 
partment thickeners, 
described — previously. 
It is furnished in two 
iypes—cireular and 
square. 

‘The two main types 
of Dorr clarifiers have 
certain common and 
essential features—a 
shallow, symmetrical 
concrete tanl provi- 
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anism for sweeping the 
settled solids to а cen- 
tral discharge hopper in 


биел? pipe 


the bottom of the tank. Sludge pocket’ “Center pier 
Positive removal of SECTIONAL ELEVATION 
sludge is effected by a Fra. 11.—Dorr Sifeed clarifier, 


diaphragm or plunger 
pump. Skimming devices may be furnished, if desired, for continuously 
removing scum and other light material that tends to float on the surface. 

The Dorr Sifeed clarifier is installed in circular tanks. Its name, 
“‘Sifeed,” is a contraction for the words “siphon feed,” which is one of its 
distinguishing features. 

Feed enters centrally below the water level through suitable connections, 
terminating in a slotted, cylindrical diffuser. The central column, supporting 
the revolving mechanism, and the central drum form a conduit for the 
influent. 

The feed leaves the central drum in a radial direction through slots. The 
head of water above the slots and the circular baffle have the effect of tapering 
the velocity of flow and giving quiescent feed conditions. 
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Distribution continues throughout the tank on the same و ا‎ 
lines. The rate of diffusion is gradually decelerated as the cir SEPT 
Seation Increases, so that the velocity reaches the absolute minimu 
flow approaches the side 
of the tank, | 
A continuous annular | 

|| 
| 


trough with a continuous 
Weir on its inboard side 
extends around the com- 
Plete periphery of the 
tank. This gives maxi- 
mum trough and weir 
length for any tank of 
equivalent capacity and 
assures minimum veloci- 
ty of flow at the point of 
take-off. A circular 
scum bafle may be pro- 
Vided just inside the weir, 

The clarifier mecha- 
nism consists of two ra- 

inl trussed arms, driven 
ЈУ à motor on the station- 
aty central column, and 
equipped with plow 
blades that just clear the 
bottom and sweep settled 
Solids to the central 
Charge hopper in the 
bottom. The rake arms 
йге attached to a central 
drum, concentric with the | 
contral column. 

Sludge is removed con- 
tinuously by a diaphragm 
Pump. Where scum and ve 
floating solids tend to ao- SECTIONAL И 
cumulate on the surface G, 12.—Dorr Squarex alarifier. 
of the tank, positive NER a 
mechanical means are provided for its removal. 4 3 ^ 

The Dorr Squarox clarifier is installed in square MIS Peet 
It follows closely the arrangement of the Dorr Sifeed M 55 ERI eie 
Мол that the tank is square, not round, and one of the rigi айла Cd e 

ЁТ mechanism is equipped with a special corner blade that даана ОНИ 
the four comers of the tank and moves the settled sludge in Ue. 
it may be picked up by the regular mechanism. The CES dr 
blade is positive and controlled ета ate mi 
tank bottom is swept at each revolution of the mer! - У 

Feed enters centrally through suitable connections, is AU з 

У а submerged diffuser, and is collected peripherally = 

неди around the four sides of the tank, Two radial e quse 
lades attached are secured to a central revolving drum cat коа 
У а gear motor mounted on top of the center pier. These ге 
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rake arms sweep the area of a circle inscribed within the square bottom of 
the tank. 

A diaphragm or plunger pump is used for sludge removal and for control 
purposes. Scum-skimming devices of several different types are supplied 
to meet different conditions. 

Equipment Costs. The three chief types of Dorr thickeners—the single- 
compartment central drive, the traction, and the tray—are priced substan- 
tially the same per unit of settling area provided. The cost of construction, 
however, is such that the cost per unit of area varies materially with different 
sizes, the unit cost being much greater for relatively small thickeners than 
for the larger ones. 

For rough and very preliminary estimating purposes only, the cost of & 
Dorr thickener, {.0.Ъ. factory, consisting of iron and steel mechanism, steel 
superstructure, and open steel tank, may be taken at from $2.50 to $6.50 per 
sq. ft. of settling area. Accessories such as pumps, tank covers, motor-drive 
units, piping, insulation, ete., are not included, 

Special materials of construction, such as lead or rubber-covered steel, 
wood, hard lead, and special alloys, alter the unit cost to such a wide extent 
that no reliable estimating figures may be given for thickeners of such special 
construction, 

The Hardinge Auto-raise Thickener. The outstanding and interesting 
feature of the Hardinge thickener is the Auto-Raise device included as part 
of the drive mechanism. With it, possible breakage due to overloads and 


manual raising of 
tae Auto raise mechanism 


the mechanism лорду = : 


“Motor 


when they ocouris оллло ===, 
eliminated, and 
maintenance and 
attention are re- 
duced to a mini- 
mum, 

The Auto-Raise 
mechanism in 
cludes two con- 
centric torque 
tubes, the oute 
and shorter one 
being entirely 
aboye the thicken- 
er liquid level. А 
yoke at the top of 
the inner torque tube has extended rollers which normally rest at the bottom 
of two-dingonally opposite sloping slots in the outer torque tube. When the 
scraper encounters an obstruction, the abnormal resistance created causes the 
aforementioned rollers to move along and up the sloping slots with a tele- 
scoping effect of the two torque tubes and a shortening of their total length. 

‘When the overload or resistance is decreased, the scrapers automati 
lower, by the effect of their own weight, to their normal operating posi 
If the overload increases, the scrapers raise near their maximum distance, 
sound an alarm, and cut off the driving motor. 

‘The general arrangement of the Auto-Raise thickener is shown in Fig. 13. 
А support structure of I-beam or low-truss construction spans the top of the 
tank and supports the rotating mechanism. 


z Support beams 


Sludge discharge cone 


Fic, 13.—Hardinge Auto-Raise thickener, 
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The driving mechanism is compact and includes fully enclosed oil-lubrieated 
fears and overload protection devices. 
he rotating mechanism is supported on 
A ring-type ball bearing which is designed 
prevent any sway of the mechanism 
and which operates in an oil bath. The 
thickener is supplied in sizes from 6- to 
100-ft. diameter, with full double spiral 
Scrapers, with segmental scrapers and 
With scrapers of wood, stainless steel, or 
tubber-covered steel construction. 
Power requirements are low, a I-h.p. 
motor being ample for a 40-ft. diameter 
machine, 

Hardinge Diaphragm Pump. 
Tardinge diaphragm pumps are used 
for the removal nnd control of sludge 
г pulp as underflow from Hardinge 
thickeners. ‘The general arrangement 
Of the pump is shown in Fig. 14. 

The outstanding feature of the 
Hardinge diaphragm pump is the easy 
control attachment by 
Which the stroke and 
capacity can be varied 
without stopping the 
Pump. This easy con- 
trol feature is а valua- 
Ме one where it is 
desirable to closely rog- 
ulate the moisture con- 
lent. of sludge. coming 
rom the thickeners, 
Particularly in count 
Slrrent decantation 
Washing plants where a 
small decrease in the 
moisture content of the 
sludge discharge from each 
thickener adds substantially 
to the plant efficiency. 

The constant-speed eccen- 
trie supplies the primary mo- 
tion, and the variation in the 
movement of the diaphragm 
Piston is obtained by moving 
fhe connecting rod attached 
to the eccentric along a lever 
arm, 

The pump is supplied in 3- 
and 4-1. sizes, in simplex, 
duplex, and triplex arrange- Fic. 16.—The Dorrco pressure pump: 
ments, and arranged for belt 


or direct motor drive. 
It is also supplied in 
special materials of 
construction for the 
handling of corrosive 
mixtures. Usual speed 
ia 50 r.p.rn. 

Dorr Thickener 
Types, Sizes, and 
Drive Ratings. Dorr 
traction thickeners are 
furnished in sizes rang- 
ing from 6 ft. in diam- 
eter to 375 ft. with 
motor-driye unit rat- 
ings ranging from 26 
h.p. for the smallest to 
ТЫ} h.p. for the largest. 

Dorr tray thickeners 
range in size from 10 to 
75 ft. in diameter with 
any number of trays up 
to seven. The smallest 
units nre driven by а 
14-h.p. motor, while the 
largest multi-tray 
thickeners require а 5- 
h.p. motor. 

Unit-type central- 
drive Dorr thickeners 
range in size from 6 to 
200 ft. in diameter with 
motor-drive units rang- 
ing from 14 to 5 h.p. 

Dorrco Pumps. 
‘This pump is a thicken- 
er accessory which is 
virtually essential for 
satisfactory continuous 
operation. Two types 
are furnished, the suc- 
tion type (Fig. 15) capa- 
ble of lifting sludge 
against n head equiva- 
lent to 14 ft. of water, 
and the pressure type 
(Fig. 16), capable of 
operating against a 
pressure head equiva- 
lent to 45 ft. of water. 

Both suction and 
pressure pumps are of 
the diaphragm type, the 


Dorrco Pumps 


Table 4, 
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diaphragm, of rubber-cord construction, being clamped rigidly around its 
periphery to the pump bowl by means of a metal retaining ring, Intake 
and discharge valves are of the ball type, constructed of rubber with в lead 
slug in the center to give the correct weight. 

A connecting rod, driven from the pump shaft by means of an adjustable 
eccentric, actuates the diaphragm, the central portion of which oscillates 
While the periphery remains stationary. ‘The volume of sludge displaced at 
each stroke may be varied at will from zero to the maximum for which the 
pump is designed, adjustment: being made by varying the eccentricity by a 
handwheel on the eccentric. 

Once adjusted to average conditions, the pump tends to maintain constant 
sludge density, since the more dilute the discharge becomes the smaller is 
the amount of solids removed so that the tendency is to bring the dilution 

ack to normal. The final, fine adjustment of capacity is obtained by per- 
mitting a small amount of sir to enter the pump bowl through в small needle 
valve connected thereto. 
, Dorrco pumps are supplied in four sizes, 1, 2, 3, and 4 in. and in five types, 
simplex, one pump body; duplex, two pump bodies; triplex; quadruplex and 
Quintuplex, Pumps are arranged with tight and loose pulleys for belt drive 
эг equipped with individual drive motors and double-reduction gears, or silent 
chains and sprockets for giving the required reduction in speed. у 

The new Dorreo V-type pump differs from the standard type described 
Ароуе in that the stroke of the plunger and hence tho rate of discharge may 

varied while the pump is in operation. Change in stroke from 2$ to 3 in. 
fected by a small handwheel and the stroke setting recorded on в dial, 
This feature permits close regulation of the moisture content of the discharge 


which obviously ін а function of the rate of withdrawal. 


Table 5. Settling-area Requirements of Certain Typical Pulps 


‘Type of pulp Chemical composition 


Cxhnldeproce sime  (gold- | 196 sodium cyanide solution and 


bearing ores). — 200-mesh quarts 
еді Во оп concentrates... | Alkaline water and —65-mesh 
ц ~ ре ne 

esol proc limo шй... 15-20% NaOH. solution and 


м replated CaCO: 
Water-toated whiting... Water and —300-mesh СаСОз 
ite residue, after ‘HBO: | 307 Bé. АЉКВО а und fine silica | 10- 


digestion, 
Water-floated ву... Water and 300-325-mesh clay | 30-604 | 12-60 | 50-225 


P The figures above are general averages for illustrative purposes only, as each material mast be checked 
У teats before selection of size of machine required, 


‘The unit settling area required for thickening pulp varies greatly, not only 
Petween pulps of different composition but also between pulps of seemingly 
{Чеп ен] composition. In general, pulps prepared from metal-bearing ores 

У wet grinding to а moderate mesh, 65 to 100, exhibit the most rapid settling 
Yates and require the smallest unit areas. Pulps consisting of chemical 
Precipitates suspended in a solution exhibit medium settling rates and 
medium unit areas, Pulps prepared from non-metallic minerals, ground 
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to в fine mesh, 250 to 325, exhibit generally the slowest settling rates and 
require the largest unit areas. 

The variation in settling rate and unit-area requirement is even more 
striking in the case of seemingly identical pulps. In cyanide pulps, unit 
areas vary from as low as 2 sq. ft. per ton per 24 hr. for extremely granular 
solids to as high as 15 for clay-like, slimy solids. 

Lime mud pulps (СаСОз), precipitated in the lime-soda process of caustic 
soda manufacture, vary widely with respect to the unit areas required for 
thickening. Variations from 2 to 40 sq. ft. per ton per 24 hr. are common. 
The settling characteristics are determined not so much by the precipitate 
itself as by the physical conditions during causticizing, including time, 
temperature, speed of agitator, and strength of solution. In clay pulps, the 
unit areas vary from 5 to 225 sq. ft. dependent upon the type of clay, ita 
physical character, the dilution of the pulp, and, finally and most importantly, 
the natural flocculating or deflocoulating characteristics exhibited. 


hi 


Selection of Type of Continuous Mechanical Thickener 


"The selection of the type of thickener for handling a given pulp is generally 
based on the following considerations: 


1. Floor Space Occupied. ‘The tray type gives the greatest capacity, settling 
and volume, per unit of floor space occupied. 

3. Conservation of Heat. The tray type, easily covered and insulated, gives the 
least temperature drop between feed and overflow. 

3. Largo Raking Capacity and Structural Ruggedness. The traction type 
Jus the greatest. raking capacity per unit of area and is especially adapted to handling 
difficult raking problems, since power is applied at the end of a long arm and deeper 
and larger plow blades are used than on other types. 

4. Handling Corrosive Materials. ‘Tho single-compariment (eentral-drive) 
type is best auited to handling acid and corrosive solutions, since the portion of the 
mechanism below the solution level may be constructed of any one of several materials, 
the efficiency of which has long been established for acid-resisting duty: e.g., wood, 
load-govered steel, hard lead, rubber-covered steel, or such alloys as Duriron, Pioneer. 
metal, bronze, stainless steel, etc. The traction type may be furnished with certain 
corrosion-resisting materials. 

5. Periodic Overloads. The torque type, with automatic self-raising and lowering: 
arms, adjunta itself to the severity of the raking lond. 


an 


Thickening Costs 
1. Erection. The following average figures are suitable for preliminary estimates: 
370 per ton 
$30 per ton 


$30 per ton 
$80 per ton | 


Erection of thickener mechanisms. 
Erection of thickenor superstructure. 
Ereation of thickener tanks (steel), 
Erection of thickener tanks (wood).. 


Foundations and conerete tanks: 


$1 per cu. yd. 
0 per cu, yd. 

850 per 1000 ft. b.m. 
„ 8120 per ton. 


Excavation. 
Concrete in place... 
Beams and joista (wood) in place... 
Columns und beams (steel) in place,..... 


2. Labor. This is a very small item as attention is generally confined to pump 
adjustment, starting and stopping (not over once or twice per shift), and lubrication, | 
requiring about 10 min. per day per thicken: 

At the Phelps-Dodge Corporation, Morenci branch, one laborer devotes 3 hr. per — | 
24 hr, to the operation of one 200-1. thickener, handling 2000 tons of tailings per day. 

At the Inspiration Copper Company, one man per shift at a wage of $4.40 operates 
eight 60-Нь, three S0-ft., three 100-ft., and one 200-ft, thickeners. 
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At the пуегаше chemical plant operating four to six thickeners, one man and a helper 
Dberate the thickeners, as well as other equipment such as agitators, filters, ete., and, 
in addition, carry out routine analy for chemical control. 
pa, Power. See figures given on р. 1634 under Dorr Thickener Types, Sizes, and 

rive Ratings. These figures refer to horse-power ratings of motor-drive unita and 
should be discounted 50 per cent to give approximate power consumption during continu- 
us operation. 

4. Repairs and Supplies. Owing to slow speed of rotation and location of all 
Wearing parts above solution level, repairs and supplies are virtually negligible. What- 


Quer breakages do occur are generally due to faulty or negligent operation, resulting in 
‘severe overloads. 


5. Maintenance on 12 Thickeners at the Inspiration Copper Company. 


Labor Materlal Total 

1924 325.9 315.16 $40.65 
1925 381.55 $77.96 3159.51 
1926 (6 шо.) $540 $ 830 
‘Total (258 years) 3206.56 


Table 6. Typical Thickening Costs from Practice 


hic Cost per 
"Thickeners. 
Plants diene 
installed ime 
‘Tonapah Exter n Mining Co. 350 $0.02 
South American Development Co, 250 80.0115 
Tom Reed Gold Mines, . В 250 
| 30,0086 
Molutyre Porcupine Gold Mines, Ltd | س‎ к 
Lnsplration Copper Co, (copper taii Е | 9000. | Seven oft. 
pper Co, (oper tailings) Seren 01 
"Three 100 ft. 
Tos re CX 50.0014 
'a&plration Copper Co, (flotation concentra 400 wo ч. 
Ной Coppi (боюн »neentrates). One 60 fe, 40.074 


Filter Thickeners 


‘The filter thickener, as the name implies, operates on a combination of the 
thickener and the filter principles. It consists essentially of a cylindrical 
or rectangular tank, equipped with a connection for the introduction of feed; 
а connection, generally in the tank bottom, Гог the discharge of sludge; and 
one or more submerged filter elements, 

‘Tho solution is drawn through a filtration medium by vacuum or by gravity. 
The filtration medium, in some cases, consists of a multiplicity of fabric-filter 
elements, immersed in the pulp contained in the tank, and in other cases of 
a layer of sand or other granular substance laid upon a false bottom. 

The submerged cake, forming upon the filtration medium, is periodically 
removed either by the application of low-pressure air or water on the reverse 
Side of the medium or else by а mechanical scraping device, traveling over 
the medium, 
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The solid material in the pulp is in all cases discharged as a thick sludge, 
rather than as a filter cake. This sludge collects in the bottom of the tank 
and is discharged either by a spigot or by some type of pump. 

The Genter Filter Thickener. As shown in the plan and elevation views 
(Figs. 17 and 18), the filter area of the Genter thickener is subdivided into a 
number of cylindrical filter frames, these frames being arranged in a circular 
tank and around a centrally located, automatic valve and filtrate-collecting 
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Fra. 17.—Genter filter thickener. 


receiver. During the operation of the unit, the filter elements are kept 
constantly submerged in the mixture being thickened. 

Each tubular element is made of corrugated iron or wood and is approxi- 
mately 6 in, in diameter and 6 ft. long. Each element is covered by a suitable 
filter medium in the form of a tube containing about 9 sq. ft. of filter aren, 
The top of the tubular element is closed, having the filtrate outlet at the 
bottom. 

From 4 to 16 filter tubes are grouped in pairs in one frame, having an upper 
outlet manifold connecting to a port in the central valve housing, which in 
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turn is connected with the fltrate-colleeting receiver situated beneath this 
valve. Faulty elements may easily be replaced by releasing the spring 
holding that particular element in place. 

A slowly revolving set of rakes operating near the bottom of the tank 
moves the thickened product to the central point of discharge. A special- 
type valve is placed in the discharge line, providing for control of sludge 
density. "The one mechanism for 
actuating both valve plug and 
Takes is placed on the operating 
floor at the edge of the thickener 
tank. The central valve plug, 
made with a 45-deg. taper to 
prevent binding and to provide 
Tor uniform wear, is supported in 
the housing in an inverted posi- 
tion and is balanced against any 
desired suction head. The top of 
the plug is geared to a horizontal 
actuating shaft that connects to 
the timing mechanism located at 
the side of the tank. This timing 
Mechanism is motor operated and 
is so arranged that the parallel 
chains not only drive the rake 
mechanism at a constant speed 
but algo through a notched gear 
Produce an intermittent move- 
ment of the horizontal shaft and 
the valve plug. "The rotation of 
the valve plug within its housing, 
in this manner, produces repeated Plan View. 
cycles of filtration followed by рчы, 18—The Genter filter thickener. 
short countercurrent liquid-flow 
periods for cake removal, the latter action occurring within one frame of 
filter elementa at a timo, 

‘The frames are lifted by means of а differential hoist suspended from в 
light overhead trolley. The tubes only are removed and are easy to handle 
as they weigh but 15 Ib. each. 

Operation. ‘The central filtrate receiver is connected to a wet vacuum 
Dump, or any equivalent suction means, which ean be placed in any con- 
Venient location. This pump removes the air from the central receiver, 
thus inducing а suction on the interior of all elements. The flow of the 
filtrate is downward in the elements to the lower ends of the pipes of the 
Supporting frames, then upward in the large pipes, and then through 
the upper horizontal manifold of each frame, through the valye-body parts 
and the valve plug to the central collecting receiver. 

Filtration in individual frames and their group of filter elements or tubes 
is successively interrupted by rotating the valve plug in a step-by-step 
movement within the stationary central valve body, and a short, sudden 
countercurrent shock of filtrate automatically takes place, thus removing the 
cuke of wet solids adhering to the exterior of the tubes in question. 

While the filtration period on each frame is normally about 5 min. in dura- 
tion, this ean be varied from less than 1 to 10 min., or even more, according 
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to the nature of the materials being thickened. The countercurrent shock 
of cleaning filtrate lasts but 2 or 3 sec. 

The Oliver-Borden Filter Thickener. This thickener (Fig. 19) con- 
sists of a two-compartment steel tank 1; of a rectangular horizontal cross 
section, each compartment having a V-shaped bottom 2; fitted with а multi- 
bladed impeller mixer. 

Suspended in the tank, in a vertical position, are a number of steel tubes 
4 with a slight taper from the upper ends to the lower. The tubes have their 
entire surface, exclusive of their 
heads, perforated, the perforated 
surface being covered with filter 
cloth, and the cloth spirally 


wrapped with galvanized iron wire 
of uniform spacing. 
The interior of each tube is 
connected by means of a header 
pipe 5, to a valve mechanism 6 
that automatically applies either Ri ال‎ 


vacuum or positive air pressure 
to the header pipes and, through 
thom, to the interior of the tubes. 

In conjunction with the auto- 
matio valve, and acting in syn- 
chronism with it, is an automatic 
blow timer 7 for controlling the 
application of the compressed a 
The automatic valve is connected 
to à vacuum system, while the 
blow. timer is connected to а 
source of compressed air, both the 
vacuum and the air pressure being 
controlled by regulato 

Solution samplers are provided 
so that clarity of filtrate from 
each group of tubes ean be readily 
determined. 

Tho V-shaped bottoms of the thickener ts ying the impeller mixers, 
are each fitted with a gooseneck pipe outlet leading from the center of the 
bottoms and controlled by means of a throttle valve. 

‘The automatic valve 6, the blow timer 7, and the impeller mixer are all 
driven through a roller-chain drive, by a motor 10, connected to a speed 
reducer, 


Borden filter thickener: 


То facilitate the placing of the tubes of the tank and their remoyal there- 
from. when necessary, an overhead track and trolley with light chain block 
is used. 


The Sweetland Filter Thickener. ‘This thickener is a variant of the 
Oliver-Borden thickener and also consists of a group of tubular cloth-coyered 
filter elements, arranged vertically in a vat or tank which contains the liquid 
suspension to be thickened. 

Provision is made for regular alternation of suction and back pressure on 
the tube by which means filtration is induced and cake deposited on the tube 
is discharged. Removal of the thick саке sludge is effected from the bottom 
of the tank by suitable means, 
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by Lhe tubes are fluted wood cylinders while the cloth tube covering is fastened 
У cord or wire winding only at top and bottom of tube. 

Header connections of suitable design provide for application of suction 
and removal of filtrate from the tubes, as well as reversal of pressure which 
Serves to discharge the cake of solids accumulated on the surface of tubes. 
The removal of thickened solid from the thickener tank resembles the method 
used in the Oliver-Borden thickener. 

Operation of the Sweetland thickener is effected by a reversible electric 
Motor connected to a geared rotary pump. During the period of thickening 
With formation of cake, the rotary pump causes suction on the tube and 
removes the filtrate 
produced, while at reg- 
ular intervals the motor 
reverses quickly and 
causes back pressure on 
the tube to effect dis- 
charge of cake from the 
lubesurface. А second 
reversal of the motor 
Tenews the cycle of 
thickening and flow of 
filtrate, 

Hardinge Sand- 
filter Clarifier. Th 
Hardinge sand filter is 
particularly applicable 
to final clarification 
Operation where a erys- 
tal г liquid product Fia, 20,—Oliver-Borden filter thickenor. 
is desired. 

In тапу cases it is employed for the clarification of the overflows from 

settling tanks on problems where perfect clarification cannot be economically 
Accomplished by sedimentation. It offers advantages oyer the ordinary 
sand filter in that a wash-back arrangement with the consequent wasting 
of the washing liquids is eliminated. 
. Description. The general arrangement of a Hardinge sand filter is shown 
in Fig. 21. "The sand-filter bed in the bottom of a round wood, steel, or 
concrete tank is supported on a wooden false bottom or a gravel-drainage 
bottom. A steel truss across the top of the tank carries the sand-cleaning 
mechanism which consists of a central, vertical shaft suspended and operated 
from the truss and having curved scrapers attached to its lower end. The 
Shaft is threaded at the top, and its weight and that of the scrapers are carried 
by the shoulder of the threaded ratchet. A worm driving gear is keyed to the 
shaft below the ratchet, As the scraper revolves, it moves the material 
Which has been caught on the surface of the sand bed to the central sludge- 
discharge well. ‘The scraper сап be lowered an infinitesimal amount, во that 
4 thin layer of the sand bed is scraped to the center with the mud. The 
sludge is usually drawn off through a spigot on the end of the sludge-discharge 
ine. 

The capacities of Hardinge sand filters vary on different materials; Мо gal- 
ber ва. ft. filter surface per minute is obtained on 50°Ве. caustic liquor; 
+4 gal, on brine; and 1.0 gal. on gasoline. Suspended matter content of the 
liquid before filtering varies from 0.1 to 0.01 per cent. 
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Operating Principles. Generally speaking, the four factors controlling 
the filter rate are, in order of their importance, as follows: quality of suspended 
materials; quantity of suspended material; viscosity of liquid; and hydro- 
static head or vacuum used. 

The governing feature of any operation is the quality of the suspended 
matter. If the suspended solids are semicolloidal, the surface of the sand 
may become coated so rapidly by a fine impermeable layer that the rate will 
decrease very quickly, and the scrapers may have to be operated continuously 
to keep the surface of the sand bed clear. If, on the other hand, the suspended 


Main shaft ` 
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Filfrafe discharge 
Jb pump. 
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F 21.—The Hardis 


ge sand-filter clarifier. 


solids are crystalline, а fairly high continuous filtration rate can be main- 
tained for many hours, and the scraper can be operated and the filter bed 
surface cleaned every 8 or 24 hr. 

"The physical nature of the liquid is of minor importance, although the 
rate at which it will pass through the filter medium naturally varies inversely 
with its viscosity. The velocity through the filter medium is controlled and 
retarded sufficiently to prevent dragging the suspended particles into or 
through the voids in the filter medium. In other words, the filter rate is 
ко controlled that the suspended particles will be caught at the opening of the 
voids. In some operations, vacuum has been supplied underneath the 
filter bed by the use of a centrifugal pump which serves to remove the filtrate 
as well as to create the vacuum. 
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CONTINUOUS COUNTERCURRENT DECANTATION 


Definition. Continuous countercurrent decantation (abbr, C.C.D.) is 
the term applied to а continuous system of washing finely divided solids, 
Such as ground ore, chemical precipitates, residues from leaching operations, 
ete., to free them from liquids containing dissolved substances. In practice, 
10 consists of the operation of a series of continuous thickeners so that the 
solids to be washed pass through them in series, being diluted after each 
Settling by a weaker liquid overflowing from subsequent thickeners in the 
System and flowing in the opposite direction. 

Purpose, It is the purpose of C.C.D. to attain a high washing efficiency 
{separation of soluble materials from insoluble materials) with a minimum 
number of decantations and "m 
With the use of minimum ^7 Weatsobion Wash water 


amount of wash liquid. In Wexshea! 
рне, the desirable portion solids 

he pulp fed to the C.C.D. — даже 
"System may be the solids, the agi 154 < lage OReDiaphregm 
solution, or infrequently ‘Strong soliton Thiokeners 75 


The washing effi 
expressed as the percentage оі 
the soluble salts in the feed pulp removed as an overflow product from the 
first thickener in the series. 

‚ Theory, Figure 22 here represents a diagrammatic flow sheet of a simple 
C-C.D, plant and may be helpful in considering the theory upon which it 
depends. 

‘The chemical reaction taking place in the three continuous agitators 
Tesults in the formation of a pulp consisting of a concentrated solution and 
insoluble solids. It is desired to recover both solution and solids in as pure 
orm as possible and with the least possible reduction in the concentration 
Of the solution. 

This pulp is sent to the first of the three continuous thickeners, X, Y, 
and Z, arranged in series as shown. "Тһе clear, concentrated solution over- 
flows to further treatment, while solids settle on the bottom in the form of a 
thick sludge and are removed by a diaphragm pump. 

The sludge pumped from thickener X is repulped with weak wash solution 
Overflowing thickener Z, and the pulp so formed is rethickened in thickener 
У. Тһе overflow from thickener Y, weaker than the original solution in 
thickener X but more concentrated than that in thickener Z, is used in place 
Of fresh water in the agitation step, thus conserving the soluble salts con- 
tained in it. The sludge pumped from the thickener Y is repulped with fresh 
Water, and the pulp so formed resettled in thickener Z. ‘The weak solution 
overflowing from thickener Z flows to the trough feeding thickener Y, being 
there used for repulping the sludge from thickener X. ‘The sludge dischargod 
from thickener Z is finished washed solids. The overflow from thickener 
X is the finished concentrated solution. 

In C. С. D. operation the solids move in a direction countercurrent to the 
Wash solution and are progressively impoverished in soluble-salt content by 
Coming in contact with progressively weaker wash solutions and finally with 
fresh water. Similarly, the wash water flowing in a direction opposite to 
that of the solids, becomes progressively enriched in soluble salts by coming 


in contact with solids containing greater and greater amounts of soluble 
Salts, 


Fra. 


Simple C,C.D. flow sheet. 
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The efficiency of a C,C.D. system is dependent, first, upon removing the 
settled solids from each thickener with the minimum amount of solution. 
d.e., at greatest or final density; and second, upon obtaining thorough repulp- 
ing or remixing of the wash solution and sludge between thickeners and 
prior to resettling. When these two conditions are satisfied in plant opera- 
tion, the washing efficiency will be that predicated from C.C.D. calculations; 
discussed later. 

Use of C.C.D. in Chemical Processing. This method is applicable 
to all problems in chemical-engineering practice wherein à pulp, consisting 
of finely-divided, ‘‘settleable” solids and a solution, is, first, to be separated 
into its two constituents; and, second, the solids are to be washed for the 
purpose of either recovering the solution entrained by them or for the purpose 
of purifying the solids by the removal of the contaminating solution. The 
objective in any case is the maximum recoyery of solution and solids, each 
contaminated to the least possible extent by the other. 
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Aluminum Sulfate, Bauxite ore, containing AlsOs, digested with 
sulfuric acid, yields а solution of aluminum sulfate [Als(SO4)3}, in which there ig sus 
pended insoluble rock residue, еМейу silica, C,C.D. treatment of this pulp yields à 
strong aluminum sulfate solution which is concentrated and crystallized to form cominer- 
cial “alum,” and а washed silica residue which may be disearded virtually free from the 
valuable alum 

Caustic Вода. is COs) solution, caustic 
of caustic soda in which there is suspended precipitated cal 
C.C.D. treatment of this pulp yields a strong caustic soda solutio 
carbonate, 

Phosphoric Acid. Phosphate rock, containing P:Os, digested with sulfuric 
yields в solution of phosphoric acid in which there is suspended finely divided calciu 
Sulfate (Саво, ЗНАО) precipitate. Both the acid and the synthetic gypsum be 
value, continuous countercurrent decantation gives two products: first, a strong phos- 
phorie acid and, second, a washed gypsum sludge suitable for the manufacture of 
building materials. 


Examples 


sed with lime, yields a solution 
um carbonate (CaCO): 
and a washed calcium 


C.C.D. Calculations. The washing efüciency, purity of washed solids, 
and concentrations of solu- Feed 
tions may be determined by | 50 ons soluble 
simple calculations, if relin- — | 50fons insoluble re 


ble data are available on the 
character of the pulp to be 
handled, the amount of wash 
water available, and the 
number of thickeners to be 
used. The diagrammatic 
flow sheet (Fig. 23) and the 
accompanying calculations 
will serve to illustrate the method of procedure. 

Given. (1) 100 tons per day of 50 per cent soluble material to be lench: 
with 425 tons of water; (2) insoluble residue settles to 60 per cent moisti 

То Find. (1) Solution concentration in all thickeners; (2) washing el 
ciency with three thickeners (C.C.D. system); (3) percentage soluble іш 
washed residue. 


Flow sheet set up for C.C.D. caleulutions 


ed 


Calculation for Flow-sheet Tonnages. 


Solids with sludge from each thickener 
Water with sludge from each thickener 


SEDIMENTATION 1645 


Overflow 3d thickener сэ 


Overflow 24 thickener QE 


Peed ist thickener 
Overflow 1st thickener 


Calculations for Solution Concentrations. 
ma Let X, У, and Z represent pounds of soluble salts per ton of water in 
he respective thickeners. 
b. Then equating pounds of dissolved salts into and out of each thickener, 
fet up the following simultaneous equations: 


Thickener 1 — 350X + 75X 
Thickener 2 
Thickener 3 


©. Solving by substitution: 


7 + 100,000 Ib. 
Z + 75Х 
ХО + 757 


X = 282.80 Ib. soluble salts per ton 
Y = 47.83 Ib. soluble salts per ton 
2 7.17 Ib. soluble salts per ton 
4, Solution strength: 
Thickener 1 = 282.80 Ib. per 2000 Ib. water = 12.4 per cent 
Thickener 2 3 Ib. per 2000 Ib. wat 6 per cent 
Thickener 3 = 7.17 Ib. per 2000 ib. water = 0,8 


в. Was 


ng efficien 


It recovered н 
х 100 

salt in feed 

350 x 282.80 

— 100,000 


Washing efficiency 
X 100 = 98.98 per cent 


J. Percentage of soluble material in washed sludge: 

Water with sludge 

Soluble salts with sludge 
Solids with sludge 


537.75 Ib. 


100,000 Ib. 


Soluble salt content X 100 = 0.535 per cant 


+ 53775 
Various Types of C,C.D, Flow Sheets. While the flow sheet described 


Above is the one most gen- 
erally used in C,C.D, oper- 
Ations, various types of 
Telated flow sheets have 
been developed for special S 
Cases, Primary Secondary F- Sludge" 
„1. The Double-reac- thickening agitation uy 
tion Flow Sheet (Fig. 24). Ор = Diaphragm pump 
With this arrangement, 
reactions such as leaching, 
digestion, or causticizing take place in two stages with an intermediate stage 
of thickening to effect a change of solution. It facilitates the rapid removal 


= тобу 


Fra. 2 


—Double-stage reaction flow sheet. 
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of finished solution and subjects the incompletely treated solids to additional 
agitation under carefully controlled conditions. 

ТЕ is very widely used in the cyanidation of gold-bearing ores, the first 
stage of leaching taking place in the wet-grinding mills which grind the ore 
in eyanide solution. When used in double-acid digestion, the acid added 
in the first stage is less than enough to complete the extraction and in the 
second stage more than enough to complete the extraction of the remaining 
soluble materials, thus assuring (1) a basic final solution and (2) a high 
recovery of insoluble material. In the double eausticization of sodium 
carbonate solution, an excess of lime is used in the first stage and an excess 
of sodium carbonate in the second. This results in (1) a rapid and relatively 
complete reaction in the first stage due to the presence of excess lime an 
(2) a relatively complete utilization of this excess lime through the sub- 
sequent reagitation of the sludge with more than sufficient sodium carbonate 
to satisfy the reaction requirements. 

2. The Intermediate-agitation Flow Sheet (Fig. 25). Certain residues 
from reactions exhibit adsorptive powers to such an extent that the mixing 
of sludges and wash solu- 
tions, ав generally carried: ‘terial Hat sal y-a зрна ng. 


out іп repulping troughs, 

does not result in the usual pod 
displacement of soluble ma- Reaction Ане. 

terials. In such cases, small agitators Tickeners api mixing 
agitators are placed between agitators 

all thickeners во that longer ОР.= Diaphragm pump 

and more violent repulping Fic. 25,—Intermediate-agitation flow sheet. 
may release the soluble ma- 

terials adsorbed by the solid Filter wash filtrate, 


constituent of the sludge Rew Weqt ИИ 
та 


being washed. 

3. Continuous -coun- 
tercurrent- decantation 
Flow Sheet with Filter at 


z 
End (Fig. 26). When the agitators v~ Sludge. 5 
solids are of value and are Деби: 20 «Садот. ри 


«8 be déltvérod Ча de" gd Fro. 26,—Flow sheet with filter at ond. 


ture-free condition as possible, a continuous vacuum filter may be placed 
at the end of the series of thickeners. If desired, the filter may be arranged 
for cake washing in which case all or a portion of the water used in the 
О.С.” series may be applied through the filter. 

In such a case the filtration cycle is divided into two parts: (1) straight 
dewatering of the thickened sludge and (2) washing of the filter cake. The 
filtrates are kept separate due to their difference in soluble-salt content and 
disposed of in different ways for this same reason. The first filtrate, being 
of the same concentration as the last thickener overflow, is returned to the 
last thickener loading well, eventually to overflow with the balance of the 
solution in this thickener and be used as a dilute wash solution nt a preceding 
stage. The second filtrate, consisting of the filter wash water, containing 
only traces of soluble materials displaced from the already well-washed sludge, 
is utilized ns a weak wash solution and is applied to the sludge from the next 
to the last thickener before the last stage of thickening. 

Economic Advantages of C.C.D. The use of a series of continuous 
agitators and thickeners instead of a number of intermittent agitation and 
settling tanks has made possible certain distinct operating economies not 
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Possible otherwise, The advantages may be subdivided into two classifica- 
tions, tangible and intangible, 


1. Tangible Advantages: 

а. Less operating labor. 

b. Less steam for beating. 

© Higher washing efficiency, ie., extraction and recovery. 

& Higher temperature of finished liquor. 

*. Higher concentration finished liquor. " 
~ Ézample, ‘The following actual example is taken from an "alum plant whos, 
C.C.D. replaced batch digestion of rock and washing of residue with savings of the 
follewing order: 


D plant | Batch plant | Annual saving 
| 


le... 1 man per shift | 3menpersüt| — $7776 
Stonm i reaction 5260 
Overall recovery, available AO 5 LAI өз 34% 

"mperature of finished liquor and saving of evaporator 
‘eter led ior und vig tera Pu 

'oncontration of Ва liquor and waving evaporator 

ват га к ма pava eig | зве. 
Total 


ison were as follows: 


Data used in above com; 


(1) Capacity, 100 tons “alum 
(2) Lubor, 4 
(3) Bauxite, 50 per 
(4) Steam at 37 е 


(17 per cent Abs) per day. 


ailable ALOs at $14.25 per ton. 
per 1000 Ib. 


Intangible Advantages: 


it Lene tanks and less floor aren occupied, — 

b. Reduction of human factor in efficient operation. 
us Simple chemical control through routine analyses of first thickener overflow and 
ant thickener discharge. 

i, Reduction of “unaccounted losses" since finished product can leaye system only 
Al one point, 


Typical Operating Figures from C.C.D. Practice. The data presented 
elow are averaged from good plant operation and accordingly are representa- 
tive of results secured in practice. 


Table 8 


Aluminum sulfate | Caustic soda | Phosphoric acid 


New materials 


у (ОН): Phosphate rock 
DEO Sacos 30 Bê. 1:80, 
Extraction in natator 9157 causticity 


97% 
|15.8Bé hot — | 3086. (22% FO 


ength of finished solution ee! 


perature of finished solution. 


РО 


Number of agitators E Е 
umber of thickeners rm IE 
Ани s o available). eene «2| 9655 of available 
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Complete C.C.D. System in a Single Unit. The Dorr washing type 
of tray thickener (Fig. 27) differs from tray thickeners previously described 
in that in this case the several, superimposed settling compartments operate 
in series, just'as do thé thickeners in a C.C.D. system, and not in parallel, 
as do the compartments of the other types of tray thickeners. The feed 
pulp is introduced into the first or uppermost compartment, and strong soh- 
tion overflows from this compartment, while wash water is introduced into 
the last (lowest) compartment. 


MECHANICAL SEPARATIONS 


Overflow from 2nd compartment 


fo process ог 15 compartment——. Washing 
solution 
Feed well ~~ RE 


== 
и, 


Under flow. High pressure water anal air 


Fie. 27.—The Dorr washing-(ray thickener, 


In this thickener, all five tray compartments operate in series to give five 
stages of countercurrent washing. This unit is equivalent in capacity and 
washing to five separate thickeners series-connected in the conventional 
manner, In Fig, 27 the heavily shaded area represents settled sludge in the 
various compartments. The more lightly shaded areas denote the solutions, 
the heavier the shading the stronger the solution, and vice versn. 

Feed enters the top compartment via a central, semisubmerged feed well. 
Strong solution overflows into a peripheral launder. Solids settle to the 
bottom, are raked to the center, and flow into the top of the second compart- 
ment, directly below, via an inverted cup and seal. 

Integral with the sludge seal is а down-enst boot which projects into the 
second compartment and serves as a mixing well. Wash solution enters 
here to repulp and dilute the settled sludge just prior to its being thickened 
again in the second compartment. 

‘The wash solution used in the second compartment is the overflow from 
(ће third compartment and is controlled in section B of the overflow box. 
‘The overflow from the second compartment is controlled in section A of the 
overflow box and is generally returned to the agitator or other processing 
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Steps and sometimes to the first compartment. Settled sludge passes from 
the second to the third compartment, as before, being repulped and diluted 
on the way with а weak overflow solution from the fourth compartment. 

This operation is repeated twice more, first in the fourth compartment and 
then in the fifth or bottom compartment. In each case, as before, the sludge 
is repulped with a weak wash solution overflowing from a later stage of 
decantation. In each ease, after thickening, the sludge flows through the 
seal to the next stage of washing, and the overflow is collected and utilized 
for washing purposes in an earlier stage of decantation. 

Solids pass downward, compartment by compartment, against a counter- 

flow of wash solution und finally of fresh water. Thus, in accordance with 
the basie C.C.D. principle, the solids transfer their dissolved values to the 
Wash solution and finally are removed by a diaphragm pump from the bottom 
Compartment virtually free from values, Similarly, the wash water, as it 
flows through the system, becomes increasingly enriched in dissolved values 
until it overflows from compartment 2 and returns to process, 
"The washing type of thickener is especially adapted to relatively small 
C.C.D. operations where floor space is limited for a multithickener wash- 
ing series. It is well adapted to the handling of hot solutions since it ia 
easily insulated against temperature drop. It is regularly supplied in diam- 
eters up to 60 ft. and depths up to 40 ft., this depth corresponding to а 
machine with five compartments. 

Economic Advantages of Washing-tray Thickener Compared with a 
Multithickener C.C.D. Series. А comparison between a five-thickener 
C.C.D. plant, and its equivalent in the form of a single, five-compartment 
Washing-tray thickener shows the following points of advantage in favor of 
the latter: 


Saving, 
рег cent 


C.C.D. plant | Tray thickener 


Floor a 8439 за, ft | 2615 ва. (а | 69 
Exposed rudiating surface. 21,128 ва. ft. 12,367 эд, ft. 41 
Building volume 270,929 cu. ft. | 122,126 ou. № 55 
ратио pumps. 5 | ~ 
Power consumption, 10 5 70 


Typical Washing-tray Thickener Operating Data. At Cactus Mines Co. 
Mojave, Calif., there are two washing plants operating on identical feeds and 
discharging to identical further processing. The feeds are gold flotation 
tailings cyanided in a continuous agitation series. One washing system, 
receiving 40 per cent of the flow, consists of four single-compartment thick- 
eners—24 ft. in dinmeter by 10 ft. deep, аз d in the conventional C.C. D. 
manne! The other system, receiving 60 per cent of the flow, is a four- 
compartment washing-tray thickener, 35 ft. in diameter by 27 ft. deep. 
Flows to euch are proportional to the settling areas provided, whieh in tnra 
determine capacity. 

The two tables that follow are from Johnson, Am. Inst. Mining Eng., 
п. Pub. 1082, 1939. They show that the solution strengths are appróxi- 
mately the same in the corresponding steps of the two systems and that the 
over-all recovery of dissolved gold, which is really the washing efficiency, 
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is only 1% per cent less in the tray unit than in the individual thickener unit 
The installed cost of the tray unit per ton of capacity was 25 per cent less 
than for the individual thickener unit—a more than sufficient saving tO 
offset the slightly lower recovery secured. 


Table 9, Comparative Solution and Residue Values 
Assays, oz. Au per ton 
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Thickener unit | ‘Tray unit 


Overflow solution 1 | 0.0344 | 0.0340 
Overflow solution 2. | 047 1.0146 
Overflow solution 3 0084 0077 
Overflow solution 4 0033 0036 
Underflow residue 4 0196 0200 
Underflow solution 4 037 | 10046 


Table 10. Comparative Efficiencies of the Two Units 
C.C.D. Thickeners and Repulpers 


Washed tails No. 4 thickener. 2 0.0196 oz, = $0. 686 рег ton ore 
Underflow solution No. 4 thickener 0.0037 o. = 0,1295 
ВошЫе loss per ton of ore. $ . 1,26 X 0.0037 = 
Total gold dissolved per ton: 
Agitator. No. 1 heads. жет 0. 16 ox. 
‘Agitator No. 3 residue 0.028 ox, 
Dissolved in agitators 0.137 ox. = $1,795 
Gold dissolved in C.C.D, (0.023-0.0196) х 
$35 = 0.119 
"Total dissolved. ... $4.91 
Soluble los. .... 0:103 
‘Total dissolved gold recovered per ton за лв 
$4 
Percentage recovered. a = 96.6 per cent 
Washing Tray Thickener 
Washed tails No. 4 compartment 0.020 oz. 30.700 
Underfiow solution No. 4 compartment 0.0046 ок. = 0,161 
Soluble loss per ton of ore + 1.19 X 0.0046 = 0.1916 
"Total gold dissolved per ton: 
Auitators. . 
Dissolved in washing thickener (0.023-0.02) 
solved 
Soluble loas. . $ E a 
‘Total dissolved gold recovered per ton 
n à 54.7084 x ) = 08.1 
'ercentage recovered М 4 moo X 100 = 96.1 per cent 


Accessories, Successful operation of a C.C.D. plant depends to a very 
large extent on the continuous feeding of measured volumes of raw materials 
to the agitators and wash water to the last thickener in the series and to the 
intimate mechanical mixing of solutions and sludges in the repulping trough 
between thickeners. Certain accessory devices have been developed to | 
satisfy these essential requirements. 

1, Feeders for Rock or Other Solid Substances (See p. 2286). Feeders 
must be accurate to at least 1 per cent, adjustable to deliver a moderate range 
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of tonnages, able to start easily under load, and easily operated and adjusted 


by common labor. 


The belt-type weigh meter (Fig. 28) has been found very satisfactory in 


C.C.D. practice, 


‘The material is drawn from the feed hopper in the form of 


8 continuous ribbon by a short endless belt located at the bottom of the 


hopper, 
belt passes over rollers balanced 
by an adjustable weighing ele- 
ment, whichlin turn actuates the 
Sliding gate at the hopper open- 
ing through which the loaded 
belt issues. Once the weights 
On the beam of the weighing 
element have been set at a cer- 
tain point, the machine con- 
tinues to deliver the tonnage or 


The drive pulley is connected to a constant speed motor. 


The 


Heasiring Levers! 
roller 


—Belt-type weigh meter. 


Weighing roller 


(Courtesy of 


Schaffer Poidometer Co.) 
Poundage desired. The more 


Closely the material is sized the greater ia the accuracy nud viceversa. In the 
faso of —100-mesh, dry, pneumatically sized bauxite, the machine is said to 
be accurate to within 0, per cent. 

Other feeders of reliability and fair accuracy are the belt feeder, apron 
(or pan) feeder, rotary-drum feeder, revolving-disk feeder, reciprocating- 
plunger feeder, etc. 

2. Solution Feeders (See p. 2290). There are various feeders on the 
market for this purpose, namely, those of the adjustable displacement plunger- 
Dump type, revolving bucket-wheel type, and 
Weir (or V-notch) type, many of which may 
be supplied in materials resistant to corrosive i 


„операй 
НЯ 
‘Sonera 


solutions, 
. The arrangement shown їп Fig. 27 issimple $ 
in construction and operation and is suffi- $ 
ciently accurate for feeding acid or other $ 
cals to а C.C.D. plant. i 
Referring to Fig. 29, acid, stored in a 
lead-lined tank, is continuously kept in cireu- 
lation by an acid-resisting plunger pump 
Which delivers the acid to a small lend feed $5 
ntm $i 


tank with a gravity-return line to n 
в constant acid level therein. A lead siphon, 

liusted by а handwheel, feeds the required E 
Amount of acid to the agitators, the rate of feed for different positions 
of the siphon being determined experimentally and the results transferred 
to a calibration scale for the use of the operator. — 

Some engineers prefer either adjustable speed or adjustable stroke-plunger 
bumps or orifice-controlled flow with variable head. bes 

Wash-water Feeders (See p. 2286). An arrangement somewhat similar 
10 that used for feeding acids or solutions may be utilized for regulating the 
Amount of wash water added in the last thickener of the C.C.D. series, In 
this cose, the intermediate storage tank is supplied with water by а float- 
controlled valve во that virtually no attention is required. 

V-noteh meters are sometimes used, these being mounted in boxes attached 
to, and connected with, the small feed tank. The overflow-return pipe in 
the feed tank is vertical and passes through the tank bottom. Removable 


imple acid feeder. 
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adjusting rings of various widths may be placed on the top of the vertical 
overflow pipe to change the water level and accordingly the amount of water 
passing the V-notch per unit of time. 

Heat exchange coils may be submerged in the feed tank where it is desirable 
to maintain the contents of the agitators and thickeners at an elevated tem- 
perature. Condensate or low-pressure exhaust steam is generally used аз 
the heating medium. 

Modern developments of recording and controlling meters haye: rendered 
the old V-notch system obsolete for chemical work, Most of these instru- 
ments work on the principle of the differential pressure on the two sides of un 
orifice and will do anything from recording and controlling of flow including 
compensation for variable head to the proportionate mixing of flows from 
variable head sources. 

Mixing between Thickeners, Complete mixing of the thickened sludgo 
from one thickener with wash solution from another is essential before resettle- 


Sip 


Suction: Wisk weler F > 
ee lash water in Bides 


Ела. 80.—Dorrco repulper. 


ment of the mixture so formed. Incomplete mixing takes place in the inclined 
feed troughs, even if baffles are used, and accordingly mechanical agitation 
is needed. 

‘The Dorreo repulper (Fig. 30) consists of a trough of square or rectangular 
cross section, located with one end close to a sludge pump in the C.C.D. series 
and extending in the general direction of the thickener into which the repulpad 
sludge is to be fed. On top of this trough, and running parallel with it, ia a 
shaft to which paddles are attached. Through a crank at one end of the shaft 
an oscillating motion is imparted to the paddles. "The paddles are set at an 
angle and staggered so that in addition to providing thorough mixing they 
convey the pulp toward the discharge end of the repulper. 

The repulper is driven direct from a Dorrco pump by means of a connecting 
rod or may be equipped with an individual motor-drive unit. The trough 
may be set at a slope of 14 in. per ft. instead of the 34 in. per ft. required with 
the non-agitated trough thus saving а great deal of head room in a multi- 
thickener C.C.D. plant. It is supplied in standard and acid-resisting con- 
struction in lengths up to 30 ft. 


FILTRATION 
BY DONALD F. IRVIN 


Definition. Filtration is defined here as the separation of solids from a. 
liquid and is effected by passing the liquid through a porous medium, The 
Solids are retained upon the surface of the medium in the form of a cake. 

Purpose of Filtration. The purpose of filtration in industrial work is to 
Separate the liquid from solids suspended in it, either one or both being 
valuable. 

For instance, in causticizing plants, “lime mud” (chiefly calcium carbonate) 
is filtered from a solution of sodium hydroxide. In this case, the object of 
filtration is to remove caustic solution from the lime mud as completely as 
possible, obtaining high percentage separation of caustic and at the same time 
Producing lime-mud cake nearly free from soda so that the cake may be 
calcined and converted into quicklime which is again used in the further 
Production of caustic soda. 

‘The petroleum refiner filters wax from paraffin-base oil which he is proc- 
essing, both products being valuable 

‘The metallurgist filters cyanide-slime pulp, obtaining valuable gold- and 
silver-bearing solutions and discards the solids as unprofitable for further 
treatment; or he filters concentrates obtained by flotation and discards the 
water. 

Th many of these processes, filtration is preceded by thickening the pulp, 
enabling high capacity to be obtained from the filter and separating an initial 
bortion of clear solution, This is dealt with under Sedimentation (p. 1619). 

Usually when the liquid contains a very small proportion of solids in sus- 
Pension, clarification by settlement should precede filtration. There ure 
exceptions to this statement, but it is of quite general application. 

When the solids are present in small proportion, the process is usually 

Spoken of as clarification. In this article it is not intended to deal with 
the clarification of potable water or of municipal water supplies or boilor- 
Iced water, In most cases, however, there is n comparatively large volume 
Of solids to be removed from the liquid. Between the two extremes we have 
all proportions which might be found in a single industry. 
, The broad application of industrial filtration is realized by a survey of 
industries in which filtration plays an important part: pulp and paper, metal- 
lurgy, oil refining, chemical manufacturing, beet- and cane-sugar milling, 
Bugar refining, sewage disposal, cement manufacture, ete. 


THEORY OF FILTRATION* 
By Hugh W. Bellas 


Filtration has been developed as a practical art rather than ss a science 
‘nd the theory of filtration has received little attention in industry. The 
mathematical aspect of this unit operation, as developed by Lewis, Ruth, 
Cannon, and others, is presented here in the belief that a rational explanation 
in support of practical results has always been desired. 


Э This brief treatment of the theory of filtration is included to provide а basis for the 
study of theory in relation to practice. 
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Filtration theory, while seldom used in the actual design of a filter for в 
given operation, is valuable in interpreting laboratory tests, in seeking the 
optimum conditions for filtration, and in predicting effects of changes in 
operating conditions. The use of filtration theory is limited by the fact that 
the filtering characteristics must always be determined on the actual slurry 
in question, data obtained on one slurry being inapplicable to another. 

Filtration usually results in the formation of a layer (or cake) of solid 
particles бп the surface of the porous body, frequently a textile fabric, that 
forms the filtering medium. Once this layer bas formed, its surface acts 
as the filter medium, solids being deposited and adding to the thickness of 
the cake while the clear liquor passes through. The cake is therefore com- 
posed of a bulky mass of particles of irregular shape, among which run 
small capillaries. The flow of liquor through the capillaries is always stream- 
line and may therefore be represented by Poiseuille’s equation, which may 
be adapted in the following form: 


SV co iru c Prae 

Айб  na[(W/A) + rl 
[Carman, Trans. Inst. Chem. Engra. (London), 10, 174 (1938); also Walker, Lewis, 
McAdams, and Gilliland, “Principles of Chemical Engineering,” McGraw-Hill, 
1987], expressing the differential or instantaneous rate of filtration per unit area 
аз the ratio of a driving force, pressure, to the product of viscosity by the 
sum of cake resistance and filter medium resistance, 


а) 


‘The rate of filtration can usually be expressed in terms of volume of filtrate collected. 
V, area of filtering surface A, and time 0. The pressure P is the total drop through the 
filler medium and the саке upon it. The viscosity и is that of the filtrate. (Апу con- 
venient units may be used, inconsistencies being absorbed in the cake and cloth 
resistunoes.) 

W is the weight of dry-cake solids, whieh may be replaced by one of several equivalent 


terms, since 
w= w= (у 
= те, 


where w is the weight of dry-euke solids per unit volume of filtrate, p is the density of the 
filtrate, c is the weight fraction of cake solids in the solute-free slurry, and m is the weight: 
ratio of washed wet cake to washed dry саке, 

‘Tho symbol o represents the average specific cake resistance, which is a constant for 
the slurry in ite immediate condi In the usual range of operating conditions it ix 
related to the preasure by the expression 


а = агра 


where a’ is a constant determined largely by the size of the particles forming the cake 
4 îa the cake compressibility, varying from 0 for rigid, incompressible cakes such ns fine 
sand and kieselguhr, to 1.0 for very highly compressible cakes, For most industria 
slurries, a lies between 0.1 and 0.8. symbol r represents the resistance of unit arcu 
of filter cloth, as well as pressure drop in lines, его, 


Equation (1) can be integrated as follows for constant-pressure filtration, 
giving the relationship between the total time and filtrate measurements: | 


(2) 


2a) 


FILTRATION 1655 


For a given constant-pressure filtration, these may be simplified to 


8 Ww AY - 2) 
au ки. T) n (5) +в (2b) 
w here Kp, Ку", and С are constants for the conditions employed. 

Equation (1) may be integrated for constant rate of filtrate flow (or cake 
deposition) to give the following equation, in which filter-medium resistance 
is treated as а constant pressure to be deducted from the rising total pressure 
(Ruth, Ind. Eng. Chem., 27, 717 (1935)]: 


Dad. Y 1 (5 
(V/A) ~ (rate per unit are) | (P —P)\A 


which may also be written: 
Y ; 
X3) (3a) 


In these equations P; is the pressure drop through the filter medium, 


(3) 


1 
А) ^ (rate per unit area) 


For n given constant rate run, the equations may be simplified to 
+ Р " а 
i = rate per unit area = — + C" (3b) 


Where K, and C" are constants for the given conditions. 

In the filtration of small amounts of fine particles from liquids by means of 
bulky filter media (absorbent cotton, felt, etc.), it has been found that the 
Above equations based upon the resistance of в cake of solids do not hold, 
ав no cake is formed. For these cases, where filtration takes place in the 
Capillaries of a thick medium, Hermans and Bredee [J. Soc. Chem. Ind., 88T, 
1-4 (1936)] have developed equations which they have found applicable to 
the constant-pressure filtration of viscose, sugar solutions, ete. 

Practical Significance of the Filtration Equations. ‘The differential 
form, Hq. (1), of the filtration equation yields interesting information on the 
mutual effects of the operating variables. 

When the cake is composed of hard, granular particles that make it rigid 
and incompressible, an increase in pressure results in no deformation of the 
Particles or their interstices, whereby а = 0, and, neglecting filter-medium 
resistance, Eq. (1) becomes 


dV... AP. 

dé ^ ua'(W/A) 
For incompressible cakes, therefore, the flow rate is directly proportional 
to the area and pressure and inversely to the viscosity, to the total amount 
of cake (or filtrate), and to a’. 

When the cake consists of extremely soft, easily deformed particles, such 
аа ferric and other metal hydroxides, s approaches 1.0, whereby Eq. (1) 
again neglecting the filter medium, reduces to 

av A 
dû © ua (WA) 
For very compressible cakes, therefore, the rate is independent of pressure. 
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‘The effect of pressure shown above is modified in most industrial filtrations, 
where the cake compressibility usually lies between 0.1 and 0.8, Furthe 
more the resistance of the filter medium reduces the effects of the respective 
variables. It has been found true, however, that in the filtration of granular 
or crystalline solids an increase in pressure causes a nearly proportionate 
increase in How rate. Flocculent or slimy precipitates have their filtration 
rates increased but slightly by an increase in pressure. Some materials 
have a critical pressure above which a further increase results in an actual 
decrease in flow rate 

In the filtration of certain non-homogeneous sludges, such as those of 
slimy solids to which filter aids have been added, it has been found that а 
constant flow rate during filtration is more satisfactory than a constant 
pressure, which latter results in poor initial clarity of the filtrate and a rapid 
build-up of cake resistance. As a matter of fact, filtration of any but the 
most incompressible sludges is more satisfactory when а low pressure is 
used at the beginning of the run. This is especially important in filtering 
slurries of low solid content. 

Since most pressure filters are fed by centrifugal pumps, their operation is 
seldom either constant pressure or constant rate but, in accordance with the 
characteristic of the pump, essentially constant rate during its early stages 
and constant pressure during much of the later part of the cycle. Pumps 
having steep hend-discharge characteristics do not operate at either constant 
rate or constant pressure during any part of the cycle, but always under 
intermediate conditions of increasing pressure and decrensing flow rate. 

Cake thickness is an important factor in determining the capacity and design 
of а filter, and upon it the cycle of operation depends, Filtration theory 
shows that, cloth resistance neglected, the average flow rate during a filtration 
is inversely proportional to the amount of cake deposited. 

If the cake has в high resistance relative to that of the filter medium, 
therefore, the highest capacity of a given filter is reached with zero cake 
thickness. Consideration of the fact that a thin cake does not usually dis- 
charge easily, however, together with the important factor of time required to 
clean the filter, leads to the selection of an appreciable cake thickness, Filter 
capacity is often measured in terms of dry solids handled per unit of filtering 
area. 

If the cake has a low resistance compared with that of the filter medium, 
the economic cake thickness will be increased. 

Tn washing filter cakes it is usually found that there is a definite cake thick- 
ness at which a given ratio of wash water to cake solids will produce a mini- 
mum soluble salts content of cake. Conversely, the ratio of wash water 
to cake solids which is found necessary to produce a given soluble content 
of the cake is a minimum at this cake thickness, In many cases, however, 
the effect of cake thickness on washing efficiency is not marked. Minimum 
volume of wash water is desirable since excessive volumes may derange 
plant procedure. 

The effect of temperature upon the filtration rate of most incompressible 
cakes is evident through ita effect on yi A temperature rise lowers 
the viscosity of the filtrate and causes the flow rate to change in inverse 
proportion té the viscosity. 

Many compressible sludges are affected in other ways by temperature 
change, although the general effect is toward an increase in flow rate with 
temperature. 

The effect of particle size on cake, and cloth resistances is marked, Eyen 
small changes in particle size affect the coefficient a’ іп the equation for сака 


MECHANICAL SEPARATIONS 


FILTRATION 1657 


Tesistance, e = àP*, and larger changes affect the compressibility s. 
Decreased particle size results in lower filtration rates and higher moisture 
content of the cake but sometimes in better washing efficiency. It is impor- 
tant, therefore, that close control be kept of the particle size in the feed to the 
filter. Agglomeration of particles by coagulation is often an important aid in 
filtering difficultly filterable materials. 

Tt has occasionally been found possible to ineresse the filtering rate of a 
Murry by adding larger non-compressible particles to it. Where there is a 
Yery wide range in the size of particles in the slurry, however, сате must be 
tuken to avoid excessive settling in the filter. 

The effect of the type of filter medium is often not fully recognized. In 
Selecting the medium for a given filtration, a balance must be struck between 
ās open а weave ав possible in order to reduce plugging and as tight а weave 
3818 necessary to prevent excessive “bleeding” of fine particles. After a small 
thickness of cake has formed on the medium, bleeding often stops, fine 
Particles being caught in the cake. 

Of the weaves of filter cloths described under а following section, the 
number duck weaves have the greatest ability to retain fine solids, followed in 
decreasing ability by chains (broken twills), twills, and hose ducks. The 
tendency to plug, however, is in the reverse order. Thick, stiff cloths tend 
to plug more readily than thin, pliable ones. The effect of cloth plugging 
on filtration rate is so appreciable that it will ultimately be the cause of 
Teplacement of the cloth. It also results in а need for using a safety factor 
in predicting filter capacities, 

Тһе effect of solid content of the slurry on the rate of filtration is shown in 
Нав. (2a) and (3a), where it is expressed as w, the weight of cake-forming 
#olids per unit volume of filtrate. These equations show that, filter-medium 
Tesistance neglected, the rate of filtrate flow is inversely proportional to the 
ratio of solids to filtrate but that the rate of cake deposition is directly pro- 
portional to thia ratio. _ If a slurry is thickened before filtration, time required 
for its filtration on a given filter aren will be reduced in direct proportion to 
the decrease in ratio of liquid to solids in the slurry, 


Application of Filtration Theory to the Interpretation of Data 


‘The filtration equations are useful in predicting the effect of n change 
in any variable if the constants ave determined from data taken on the slurry 


Loga 


Fras. Land 2.— Typical plots of filtration data. 


in question. For example, vacuum test data can be extrapolated to show 
the approximate filtering rates that could be obtained if the slurry were 
filtered under pressure. Another problem often of interest ia the effect of 
take thickness or time cycle on over-all filtration rate. 
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If a constant pressure test is run on a slurry, care being taken that not only 
the pressure but also the temperature and the solid content. remain constant 
throughout the run and that time readings begin at the exact start of filtration: 
one can observe values of filtrate volume or weight and time. With the use 
of the known filtering area, values of 0/(V/4) can be calculated for various 
values of (V/A) which, when plotted with 0/(V/A) as the ordinate and 
(V/A) as the abscissa (Fig. 1), result in a straight line having the slope 
#aw/2P, and an intercept on the vertical axis of ur/P. Since 4, w, and P 
are known, « and r can be calculated from 
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p 
а = X (slope) 
0 
and 


X (vertical intercept) 


‘The effect of a change in any variable except P (which affects а) may now be 
estimated. 

To determine the effect of a change in pressure, it ia necessary to run à 
test under one or more other pressures, and to calculate a and r at those 
pressures in the same way. By plotting а and r against P on loglog paper 
(or by plotting log e and log r vs. log P), straight lines result from which it 
is possible to determine a and r at any reasonable pressure (Fig. 2). In 
many cases it has been found that r does not vary appreciably with pressure. 
in which case un average value can be used at all pressures. This is often 
due to the fact that a low filtering pressure is used at the start of filtration 

When a low pressure is used for any appreciable time at the start of filtra 
tion, the beginning of time and filtrate readings should be delayed until the 
constant pressure is reached, in which case r is the resistance of the filter 
medium plus that of the cake deposited at low pressure, When the weight 
of the dry cake is measured тв. time, as is usually done in vacuum lenf tests, 
two or three tests are sufficient to permit plotting the straight-line funotion of 
0/V та. W. The ability to interpolate or extrapolate on this line eliminates 
the need for a large number of tests. 

In constant rate filtration it is suggested that the method of Bonilla [Trans 
Am. Inst. Chem. Engrs., 34, 243-250 (1938)] be used, involving the deter- 
mination of Pi, and ao in the equation 


а = ag + a'(P —P)* 


and plotting (æ — a) versus (P. — Pi) to determine a and я. 


FILTER MEDIUMS 


The choice of the filter medium depends upon the material to be filtered and 
upon the type of filter used. — Fabric-filter media are usually of cotton or wool, 
and as cotton is the cheaper and may be used for a wide variety of products, 
it is generally chosen. 

Wool cloths are more suitable when acid solutions are to be filtered. The 
weight and grade used are determined by the clarity desired and the local 
conditions. 

The fabrics most often used are cotton, in duck, twill, and chain weayes. 

Duck is a plain cloth of square weave having " warp” and “weft” or “fille 
ing" threads equal in thickness and texture, and in weaving they are nassed 
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over and under each other alternately, thus producing a weave of square 
арревгапсе. “Ново duck" is somewhat open in texture and when held up 
о the light may show tiny square orifices due to the threads not being tightly 
Woven. Regular ducks, number ducks, or roll ducks are more closely woven 
Цу, Keeping greater tension on both the warp and fill threads and driving 
them together tightly during weaving. А single-fill duck has a single thread 
ог each warp or filling. А double-fill duck has two threads twisted together 
to form each warp or filling and is designated as two ply; and so on, The 
object of increasing the ply is to obtain a closer weave and, if the threada are 
lightly driven together, the fabric is correspondingly closer in texture. 
Many cloths have numbers arbitrarily assigned to them by the manufacturers, 
These numbers do not give the weight of the fabric per square yard but enable 
this information to be obtained from a table of weights supplied by the manu- 
facturen, It varies directly with the count or number of warp and fil threads 

r inch. 

Twill fabrics invariably exhibit diagonal ribbing due to the way in which 
they are woven, In the simplest twill, the fill or weft passes over two warps 
and then under two; and so on. The next fill does the same but is one warp 

out of step" so that it separates each pair of warp threads that were formerly 
together. This gives a diagonal rib at 45 deg. if the number of warp and 
fill threads per inch аге equal. Differences in threads or in weave alter the 
Angle of rib, Twill and chain weaves are described like ducks according 
to the ply in their threads, so that a 3 by 3 has three ply in both warp and 
fill threads. The count is also given, for instance a 36 by 26 fabric has 36 
Warp threads and 26 fill threads per inch. Its weight is separately expressed 
ва 18 oz., or 18 ов. per ва. yd. For instance, а No. 11 twill weighing 17 оз. 
ber aq. yd. 4 by 4 threads and 45 by 30 count. When ordering cloth for filter 
mediums, n sample should be submitted to avoid mistakes due to confusion 
of the designating numbers. 

Metallic filtering mediums are used extensively on continuous vacuum 
filters for handling alkalies, crystalline material, wood pulps, and paper pulps. 
‘They are also used in pressure filters in conjunction with a filter aid for clarify- 
ing sugar liquors, lubricating oils, gasoline, etc. Metallic filter mediums are 
Woven of iron, copper, or brass wire, or of special corrosion-resisting alloys 
Such as monel. Mechanical strength and resistance to corrosion prolong 
the life of, woven-wire filter mediums to such an extent that higher first cost 
is amply justified and for this reason such mediums should be considered 
Whenever they are applicable. In special cases finely punched metal plate is 
used as a filter medium, although other specially designed filter. mediums 
Are possible, Asbestos fabric, useful for some liquids that destroy both 
cotton and wool, has been successfully used. Recent developments have 
provided filter fabrics composed of glass or rubber. 

_ Woven glass cloth із now made in the principal weayes found most suitable 
in cotton textiles. This cloth is woven irom small diameter glass fibers; 
its use is for services wherein the acid-resisting quality of glass is required. 

Rubber fabrics are also made, although not in woven textiles. The fluid 
rubber із passed in a thin sheet over a surface with minute perforations 
through which air is blown. The air bubbles rising through the gradually 
solidifying rubber sheet produce a regularly spaced pattern of fine perfora- 
tions, which may be as numerous as 6400 per sq. in. 

"The development of a rubber fabric having micro: 
Progress; it has high rates of porosity in terms of water. 

Two new synthetic yarns being applied to filter cloths are Vinyon and 
Nylon. The former has excellent resistance to cold acids and alkalies, 
while Nylon is required for higher temperatures, 
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Metacloth is the trade name of a filter cloth that has been treated with 
copper sulfate solution to make it mold-proof and to increase its resistance 
ta caustic solutions. 

Dupont Nitro-flter is cotton fabric nitrated in such manner that the 
tensile strength of the fabric is from 70 to 80 per cent of the untreated cloth- 
Tt is used for the filtration of sulfuric, nitric, or hydrochloric acids or mixtures 
of these, of varying strengths and temperatures, for instance 40 per cent 
sulfuric acid at 90°C. Being a nitrocellulose it will not withstand alkali 
and because of its flammable nature must be kept wet and is stored under 
water. Special cotton-filter cloths prepared by impregnating with solutions 
of secret formulas are available for the filtration of caustic solutions. 

Factors Governing Selection. The filter medium selected must ha 
good mechanical strength and resistance to the solution filtered, so that 
hus an economic life. 

‘The clarity of filtrate desired and the size of particle to be filtered together 
determine the class of weave selected and the grade or weight of cloth. 
Where the first portion of filtrate may be returned to the circuit as û 
cloudy" liquor, a cloth of open texture is permissible and larger filter capac- 
ity is obtainable than when a close-textured cloth is used to obtain the entire 
filtrate at high clarity. 

Pigments, non-corrosive chemical precipitates, metallurgical products, and 
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weak alkalies may be filtered on cotton-duck or twill weave, the latter giving 

the higher clarity. Woolen fabrics are used for dilute acid liquors, 
Woven-wire cloth is used chiefly for acid and alkaline liquors, Monel 

and other alloys are very useful because of their resistance to corrosion. 


Open-weave metallic cloth is especially useful for paper pulps and crystalline. 
and granular materials because rapid drainage and high capacity are obtained 
per unit area, 


FILTRATION LEAF TESTS 

It is unusual to be able to forecast what may be accomplished in the filtra- 
tion of an untested product, and even the results obtained upon known prod- 
ucts vary greatly with the conditions of filtration. Therefore, unless exact 
data have already been estublished, preliminary tests should be made to 
determine the filter requirements for а given filtration problem. Such tests 
are easy to make and require very simple, small-scale test equipment. 
Whether vacuum or pressure filtration is to be used is generally known before- 
hand, Occasionally tests are made for comparison. 

Vacuum Tests. The leaf shown in Fig. 3 is connected to a filtrate receiver 
equipped with a vacuum gage. The receiver is connected to an aspirator. 
Different filter mediums may be used on this leaf for comparative tests. 

In making leaf tests, the operation of a continuous vacuum filter should be 
kept in mind. ‘The cycle is divided into three periods, cake formation 
(or “ pickup"), drying, and discharge. Sometimes pickup is followed by a 
period of displacement washing, and the cake may also be subjected to 
compression during drying. These things should be considered, and a plan 
of the cycle or cycles to be tested should be formed. 

If the object of filtration is simply the removal of solids from the liquor, the 
cycle may be: one-third pickup, one-third drying, and one-third discharge 
and reentry time. While under vacuum, the test leaf is submerged for the 
pickup period in the material to be tested. The leaf is then removed and 
held with the drain pipe down for the drying time allotted. Observations 
should be made during the test such 2s vacuum readings during pickup and 
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drying; time at which eracks in the cake appear; temperature of the material; 
Percentage of cake-forming solids present; acidity or alkalinity. 
3 Usually а few preliminary tests will indicate the time range. Careful 
ests ma 1 be 
made and, in theae vU 
d 5 hese, gage 
Variations in temper- 
йге, dilution, con- 
ditioning agents, ete. 
should be tried, and 
capacities and clarity 
of filtrate noted. Hoteto 
Pressure Tests, cn 
Or plate-and-frame 
press work, tests ar 
best made with a 
laboratory-size mod- Рю. 
9. This will give 
representative “cake ра ею. The apparatus shown in Fig. 4 is used 
for tests to obtain data for operation with a shell-type pressure filter, 
Operation of the commercial unit should be kept in mind and the cycle 
arranged accordingly. After determining the cake-building or filling time, 
displacement washing and drying the cake with compressed air should be 


tried. For wet discharge it is pressed 
advisable to open the cell and КУ; 
experiment upon washing the cake r 
away with a jet of water. For deh shock 
dry discharge the effect of a gentle Vacuum | tests. 
{ai blast in the test leaf should be gage "Mer 
vied, 7 

In both vacuum and pressure "refe [rot 
tests the daily filter capacity is 
determined by the dry weight of 
çake per unit area of test leaf fyer medium” 
multiplied by cycles per 24 hr. covering 
and multiplied by the filter area, pressure (caf 


=. 


Filfrate 


receiver Drainage section 


Screen. 
support М 


Filter mediom 
-scale yacuum-filtration testing unit, (Oliver 
United Filters, Inc.) 


Capacity in solids is usually ex- 
Dressed in pounds per square foot 
ber day and filtrate in gallons per g mrak watered) 

square foot per minute or per ang oake drying 
lay, 

"The material tested should be 
representative, and samples 
should be tested immediately after they are taken. In some instances, sam- 
ples stored for several days have given results very different from those 
obtained when tested immediately because of changes that occur upon 
standing. АШ tests should be made under conditions that represent large- 
Scale operations so far as possible. 

Results obtained by leaf tests for capacity are irregular with extremely 
free-filtering materials, such as crystals in mother liquor. In such cases 
it is better to employ small-scale equipment. 

Before undertaking test work it is advisable to consult a manufacturer 
of filtration equipment, giving as many data on the materials as possible, 
together with the objects of filtration. 


"Drain 


—Small-seale pressure-fltration testing 
(Oliver United Filters, Inc.) 
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FILTER AIDS* 


Filter aids are useful when handling finely divided solids and colloidal 
materials, A filter aid should be of low specific gravity so that when mixed 
in the liquid to be filtered it will remain in suspension, 16 should be porous 
rather than dense and must be chemically inert to the liquid being filtered. 

Kieselguhr or diatomaceous earth having a high silica content is little 
affected by solutions, is free filtering, and is of light gravity. Tt is the most 
widely used of all filter aids in the filtration of sugar juices, vegetable oils, 
petroleum products, fruit juices, beverages, etc. Paper pulp is also used 
in the clarification of wine and beer. 

‘The amounts of filter aid added are comparatively small, and the expense 
is more than counterbalanced by increased filter efficiency. Both paper 
pulp and kieselguhr can be washed and revivified so that they may be reused 
several times, Fuller's earth, charcoal, asbestos, sawdust, magnesia, salt, 
and gypsum are used as filter aids in special cases. 

Decolorizing carbons and earths, such as Darco, Carbrox, Suchar, Norit, 
Filtrol, Palex, and activated clays act both as decolorizers and as filter aids 
for oils, fats, ete. Та many cases, а coating of the filter aid is applied to the 
filter medium to act as a clarifying agent and to prevent blinding of the filter 
medium. 

"The most commonly used filter aid is diatomaceous earth prepared by 
various manufacturers. This material, being skeletal remains of diatoms, 
has a very high filter rate, does not fill the pores of filter mediums, and is u 
either as a precoating of the filter medium itself, or as a pulp mixture wl 
must be filtered. Various degrees of purification used on the raw dinto- 
maceous earth provide a material with varying filtration properties. ‘These 
different types are given various trade names identifying them for certain 
work, as Filter-cel, Dicalite, etc. 

For specific amounts of filter aid, the producers of various grades give 
their own recommendations. 

‘There are other materials which have been employed as filter aids, amonit 
which are macerated paper pulp, and the finely shredded residue from the 
grinding of sugar сапе, known as Bagacilio. Neither hus attained anywhe 
near the universality of diatomaceous earth as a filter aid. — Bagacillo is only 
used in connection with the clarification and filtering of cane juice and сапе 
mud. 

While activated carbons are used in filtration they are not really filter 
aids but are decolorizing agents. Doubtless they do promote filtration 10 
some extent but such effect may be considered incidental to their real function 
ав decolorizing agents. 

Preconditioning. Another method of preventing excessively fine pnr- 
ticles from decreasing the filtration rate abnormally is to cause the fine par- 
ticles to coalesce or to form agglomerations of larger size. This pretreatment 
or conditioning of an otherwise unsuitable feed provides good filtration rates 
and makes industrial filtration more profitable. Sewage sludge is an example 
of this method. 

Coagulation of sewage sludge prior to filtration is effected by the use of 
such reagents as alum, ferric chloride, or other chemicals. 

Effect of Temperature and Viscosity. By increase of temperature, 
water decreases in viscosity and gives rates of flow proportional to the follow- 
ing data: 

* See р. 1269. 
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‘Temperatures. 
Rate of flow. 


oo hus, the rate of flow is doubled by raising the temperature from 20° to 
80°C. In practice there are many cases where the filter capacity is materially 
increased by heating the filter feed, as when filtering cement slurry, clays, 
Some flotation concentrates, syrups, oils, еіс. The economy of heating a 
Riven filter feed may be determined by tests and computations. 

When в concentrated solution is filtered, its viscosity may be high and 
kive a low filtration rate. By diluting the filter feed with fresh water, the 
{Scosity of the solution is reduced and gives a higher rate of filtration. The 
total filtration time for increased bulk of filter feed as diluted may be much 
less than for the smaller bulk of the more viscous strong solution. 

Whether dilution can be adopted depends upon the purpose of filtration. 
{ the solution is required at high concentration for subsequent treatment, 
this may preclude dilution, but if it is to be discharged afterwards or if it 
may be reconcentrated by evaporation, then dilution may be allowable. 


TYPES OF FILTERS 
be conveniently grouped under four heads: 


Filters may 


1, Gravity filters. 
2. Pressure filters, 
^ Intermittent vacuum filters, 
4. Continuous vacuum filters. 


Gravity Filters. А gravity filter generally consists of a tank with а false 

бог covered by a filter medium. Leaching tanks used in cyanide plants 
е а cloth-covered filter bottom and may be termed "gravity filters." 
By far the largest number of gravity filters employ a bed of sand аз the filter 
medium and ure used for clarifying solutions or water. То be effective such 
а filter medium must be comparatively thick and the amount of solution 
large compared with the amount of removable solids. Strainers and sand 
And ehureoal filter beds, used for water purification, are good illustrations 
of gravity filte Gravity filters are often useful for small-batch operations 
in chemical industries where corrosion is excessive, 

The Nutsche Filter. This is the simplest form of gravity filter and is 
not made by any one manufacturer, being usually built by the plant in which 
it is to be used. 

In most cases it consists of a simple support for the filter medium chosen 
And a vessel in which this filter medium is placed. It may be operated either 
by gravity drainage through the filter medium, by vacuum in which suction 
is applied at the bottom of the filter medium, or, in some cases, by pressure, 
În which case the filter is placed in а pressure case and the material pumped 
into it, ‘These filters are found in small units adapted to batch operation 
and are of the simplest possible design. 

Pressure Filters. There are two types of pressure filters in general use, 
Dlate-and-frame presses and enclosed pressure filters, 

In plate-and-frame presses, a filter cloth is held between a cast-iron plate 
And a frame, assembled to form a cell unit. A number of these cells assembled 
in series form the filter. 

Enclosed pressure filters have à number of filter leaves suspended inside a 
shell into which the material to be filtered is charged under pressure. The 
leaves may be parallel or perpendicular to the horizontal axis of the filter 
shell. In most instances the leaves are stationary, but in some oases they 
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can be rotated during the filtration cycle. In one instance the filter mediu™ 
is installed as an inner lining of the shell and rotates with the shell. 

The principle of operation of all pressure filters is the same, А filtering 
medium is stretched over a frame provided with channels for the collection 
and drainage of solution, and the material to be filtered is forced under pres- 
sure into the space between the filter medium and outer housing or frame. 

Plate-and-frame presses must be taken apart and cleaned by hand at the 
end ofeach cycle. Pressure filters having leaves enclosed in а shell are openec 
and closed by mechanical means and manual labor is reduced. In both types 
а sluicing mechanism may be employed for discharging the cake, resulting it 
a material saving in time and decreased maintenance cost. 

A disadvantage common to all pressure filters is their intermittent oper 
tion, The advantages are that high pressures may be used to dry the cake: 
Higher costs for labor and renewals of filter medium are characteristic 0 
pressure filter 

Life of Wood Used in Plate-and-frame Presses under Acid-fltrat? 
Conditions.* The Independent Filter Press Company, Inc., of Brooklyn: 
New York, advises that the life of various types of lumber under acid filt 
tion differs considerably, and it is not possible to give a definite figure thereon 

‘They do state that after trying various kinds of lumber, long-leaf yellow 
pine was chosen to be the most durable. Even so, they state that the degre? 
of acidity is the most important factor. Two cases are cited wherein long- 
leaf yellow-pine plates lasted, in one instance, under normal acid filtration, 
for 2 to 3 years; on the other hand, in a particular case where the conditions 
wore trying, a set of long-leaf yellow-pine plates and f ted about 2 
months. No record is available by this company as to the relative life of 
long-leaf yellow pine compared to maple or cypress in this work. 

Intermittent Vacuum Filters. The intermittent type generally c 
sists of a series of frames or leaves over which the filter medium is stretehed, 
the leaves being provided with channels for the drainage of liquid, 

Several leaves are connected to a common header, which is in turn con- 
nected to a vacuum line by flexible hose. By completely submerging the 
leaves in a tank of material to be filtered and applying vacuum, the cake i* 
formed. Ав soon as sufficient cake has been formed, washing and disoha 
of the cake are performed by hoisting the leaves ош ої the tank, and, while 
still under vacuum, transporting them to a tank containing wash water or 10 
the point where discharge is to be made. Discharge is accomplished by 

lease of vacuum and inflating the leaves by compressed air. 

‘The intermittent vacuum filter gained а wide use for some years in cyanide- 
plant operation, in separation of gold- aud silyer-bearing solutions, but has 
been supplanted generally by continuous vacuum filters 

Continuous Vacuum Filters. Continuous vacuum filters are of two 
types: the rotary drum and the rotary disk, The drum type is a cylinder 
whose periphery forms the filtoring surface; this surface may be either external 
or internal and is divided into separate compartments. , Each compartment 
is separately connected to an automatic control valve which regulates tho 
period under vacuum for forming, and compressed air for discharging, the 
filter cake, The internal drum filter receiv f 
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its feed inside the drum, but 
the external drum filter is mounted in a feed tan! 

The top feed filter is an external drum filter which has no tank, Feed іч 
supplied near the top of the drum and а hopper below the drum receives the 
саке when discharged. 


+ Bee page 2164. 
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The rotary-disk type has its filtering medium shaped in segments which 
äre assembled to make up a disk. Each segment is connected, through a 
“entral axis or shaft, to an automatic valve, similar to that used on the rotary- 
“um filter. А number of disks may be mbled on the common shaft, 


MAKES OF FILTERS 

Plate-and-frame Presses. А plate-and-frame press consists of а series 
Pf solid vertieal plates and hollow frames cast with side lugs, so that they may 
* mounted on two parallel 
orizontal bars and clamped 
веет, Figure 5 illustrates a 

river press. Each plate and 
tame is accurately machined to 
(үе а tight joint when clamped 
tether with a cloth between 
hem, and the faces of the plate 
We ribbed and channeled or 
ave a pyramid surface to pro- 
Vide for drainage of the filtrate 
(ig, 6). A filter cloth is laid Ро, 
PVer each plate to cover both faces, and в frame is set on each side of во that 
Dy alternating plates and frames and clamping them together a series of filter 
{ella is formed. Each cell consists of the empty frame bounded on both sides 
бу filter cloth behind which are the plates. 

One end of the series is closed by the head of the press; the other end by 
he final plate against which а capstan screw is tightened, thereby clamping 
he series together and enabling the whole to be operated under pressure, 
Ф fatchet, gear and pinion or hydraulic closing device may be used to obtain 
ater force. "The feed channel is 
formed by a hole in each plate and ЁЗ {ТЇ cem Filler 
"ате, these holes registering to- 899953 ||| | < 2624 nen 
kether. In each frame there is an Banaag ШШ. oder 
pening from this channel that ad- 
Mita feed into the frame, and at the 
ottom of each plate there is an 
Outlet for the filtrate, If the filtrate from 4 plate becomes turbid, that par- 
‘gular plate is removed from service by closing the outlet cock, ` Tho filter 
Cloths are examined after each run and any defective ones are replaced. 

When necessary to wash the filter cake two methods ure used depending 
upon the type of plates. In one of these, the wash water is forced through 
he feed channel and follows the filtrate. In the other method, wash is 
Supplied from a channel that passes through the plates and frames similarly 
0 the feed channel. From this wash channel there is an inlet in one corner 
of each alternate plate. The former construction is used for the method of 
Speration called center filling and the latter for solid filling. 

Solid Filling. When the solids quickly form a thick cake at low pressure 
(25 to 50 Ib. per sq. in.), feed is continued until the frames are completely 
Шей, ns indicated by the filtrate ceasing to flow from the drain cock at the 
bottom. Filling may be followed by an air blow to expel solution before wash 
Îs applied, and as the cell is completely filled with solids no displacement of 
take can occur though there may be cracking during this air blow. Washing 
іє then performed by admitting wash solution or water under pressure behind 
the filter cloth of each alternate plate. The wash is foreed through the cake 


Shriver phite-and-frame filter press. 


rom Corus 
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Filter plate: 
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and the cloth on the opposite side and issues through the drain cock show? 
in Fig. Та. Air blow may again be given to displace the wash and to obtain 
as dry а cake as possible. Dryness of cake is an advantage of plate-and-fram? 
presses. 

Center Filling. In this method the feed is stopped while there is still ® 
space down the center of each frame thus dividing the cake into two halves 
(Fig. 7b).. Wash solution is forced in behind the feed without allowing th® 
pressure to drop so that there is no interval during which the çake can ФУ 
and erack or slough off. Washing 
proceeds from the center out toward 
both sides of the frame so that less 
washing time is required than with 
solid filling. ТЫ an advantage 
when dealing with slimy materials that 
are slow in cake building and washing. 
However, there is the disadvantage of 
diffusion of wash with the last portion 
of filtrate, 

Discharge. When filling, washing, 
and air blow are finished, the cake 
discharged. The labor involved in 
this discharging is the chief drawback 
of presses, The press screw is released, 
the plates and frames separated, and 
the frames are emptied into a tray or 
into в conveyor below the press, 

Open and Closed Filtrate Dis- 
charge. An open press is one having 
а control cock to each plate outlet, all 
outlets delivering to a launder. A (a) In] 
closed press collects its filtrate jn a Fio. 7.—Cross sections of plute-nnd- 
channel inside the press similar to the frame filter p ing operation 0 
feed channe solid (a) and 

The advantages of plate-and-frame presses are simple construction, 10% 
y of operation, and dryness of cake, They may be used fot 
high pressures, and for acid filtrates the plates and frames may be made of 
wood. 

‘Phe disadvantages are high labor charges when handling large tonnage 
and high cloth consumption due to damage at the joints when opening and 
closing the press. Washing is imperfect and the percentage of idle time in 
the cycle is high because of the time required for opening and closing, 

Failure at the edges of a cloth where it serves as a gasket between plate 
and frame cannot ђе remedied without dismantling the press and installing * 
new cloth; so for the balance of the cyele, the feed leaks at the point of defect 
resulting in losses and a dirty filtoring plant. 

The plate-and-frame press was the pioneer in filtration and still finds use in 
з limited field but, in general, may be said to have become obsolete. 

Merrill Press. ‘The Merrill press is essentially а plate-and-frame 
with an automatic sluicing device that enables the cake to be discharged with- 
out opening the press, 

Along the median line at the bottom of the press, and passing through 
the plates and frames, is a continuous channel, within which is a sluicing pip? 
with nozzles, one projecting into each compartment. This pipe is slowly 


FILTRATION. 1667 


Totated back and forth through an are of approximately 180 deg., by means 
91 à rack and pinion, driven from a line shaft or small individual motor. 
Simultaneously water under pressure issues from the nozzles and plays upon 

е slime cake in the chambers, washing it down into the annular space around 
the sluicing pipe from which it leaves the press through a number of discharge 
Seks. This press finds application in cases where discharge in the wet stage 
15 permissible. It was originally developed to handle a large daily tonnage 
O slime in which the treatment with cyanide took place (at least partially) 
inside the press. Its success marked an advance in slime filtration by plate- 
Jd-frame presses since manual labor was reduced and cloth life lengthened. 

owever, pressure filters have now been generally replaced by continuous 
Vacuum filters for this work. 

Merrill Precipitation Press. Тһе collection of gold and silver precipi- 
lated from cyanide solution by zinc dust was formerly effected by using a 
Plate-and-frame filter press of triangular cross section. This duty is now рег 

оглед by an ordinary press of rectangular cross section or by а series of eylin- 

drical cloth bags. ‘The bags are fixed on a header connected to the discharge 
Of a centrifugal pump and are at all times submerged in barren solution which 
Passes outward through the 
cloth bags. "To clean up 
the bags, the solution is 
drained from the tank, the 
bags nre blown with com- 
Dressed air, and the inner 
bag liners are then removed 
rom fluxing and melting. 
Kelly Filter. The 
Kelly filter consists prima- 
Tily of a steel cylindrical 
tank enclosing a number of 
tectangular filter leaves. 
Tho axis of the tank is set 
Approximately horizontal 
(Fig. 8). The leaves are 
Supported by a carriage 
Attached to the movable 
head of the cylinder, 
И гаје is discharged through the head, which is locked to the shell by a set of 
Indial bolts and a special mechanism. The solids form a cake on both sides 
Г the leaves. To discharge the cakes the head is unlocked and moved back 
On its supporting rails, taking with it the attached carriage and leaves until 
all is free from the shell. The cake is then discharged by its own weight 
assisted by a slight back blast of air. 

‘The leaves are rectangular and hang vertically in the shell, They are 
all of the same length but of varying widths, "The widest one is on the vertical 
Center line of the shell and the narrower ones on either side, their widths 
decreasing with the distance from the center so that proper clearance between 
the top and bottom of each leaf and the shell is maintained. 

Each leaf consists of a heavy wire soreen, bound on the four edges with a 
rolled steel shape similar in cross section to a slotted, flattened pipe. The 
Soreen forms the drainage element and the steel shape provides rigidity, 
protects the filter cloth from the edges of the sereen, and serves as a channel 
for the filtrate, The upper corners of the leaves next to the head are con- 


„ 8. —Kelly filter. 
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nected to the head by nipples and unions forming outlets for the filtrate- 
‘The filtrate passes through these fittings and then through passages in the 
head to a trough or filtrate header outside. 

‘The leaves are enclosed in bags of filter cloth. These bags are made with 
the front end open; they are slipped over the leaves and the open ends ате 
sewed by hand. Metallic filter cloths may be used. 

"The largest Kelly filters are of the twin type, te, there are two shells 
mounted on the same beams with the head ends facing one another and using 
а space common to both for running out the carriages. This arrangement 
(Fig. 9) gives а greater filter area per unit of floor space and therefore reduces 
the cost of the filtration proce 

The two halves of the unit are opened and closed automatically, means 
being provided for releasing the chain opening device (which i8 common to 
both shells) from one half while opening and closing the other half. The 
maximum travel for the carriage of either half is fixed by a spring bumper. 


Fia, 9,— Kelly. filter (twin type). 


Kelly filters of standard design operate at pressures up to 60 Ib, per sq. in. 
Where higher pressures are used, greater strength is secured by heavier steel 
plates for the shell and by making the closing head of cast steel instond of 
cast iron. They are operated at pressures as high as 250 Ib. per ва, in. and 
are well adapted to high ns well as sub-zerc temperatures, due to the ense of 
insulation, 

Operation. ‘The material to be filtered is charged into the shell under 
pressure, The filtrate is forced through the cloth und through outlets from 
ench frame into а launder, while the cake is being formed on both sides of the 
leaves. 

Filtration is stopped when the desired cake thickness is obtained. The 
excess feed is drained off, and, as the level drops in the shell, the float of an 
automatic air regulator drops and opens an air valve. This admits air at à 
pressure of 3 or 4 Ib. per sq. inl, which holds the cake upon the leaves and 
forces the e liquor more rapidly from the shell. 

After draining, the wash liquid is forced into the shell following the same 
path as the filtrate. Excess wash is drained off, and if a dry-cake discharge 
is desired the drain valve is closed and an air blast is used. 

For discharging, the air is turned off, the release valve is opened, the head 
is unlocked, the carriage rolled out, and a slight back blast of nir causes the 
cake to discharge. 

For wet discharge, the excess feed is drained out, the filter is opened, the 
cürriage run out, and the cake sluiced off. 


ab 
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The Kelly filter competed with the intermittent vacuum filters in early 
“yanide-slime operations and later was adopted in beet-sugar manufacture. 

It is now widely used in petroleum refining, for handling lubricating oils, 
Or pressure-still sludges, and for dewaxing operations, for which duties its 
sig makes it especially suitable. 

Sweetland Filter, The Sweetland filter (Fig. 10) consists of a series of 
Clreular filter disks suspended inside a 
Cylindrical cast-iron shell transyersely 
to ia axis, The shell is divided along 

® horizontal center line into two 
Halves, hinged together along the back. 
he upper half is rigidly fastened to 
Supports, so that the lower half may 
Swing open thus exposing the interior 
f the filter for cleaning. The lower 
palf (Fig. 11) is counterweighted. to 
"vilitate opening and closing, and а 
Special locking mechanism makes it possible to open or close the filter within 
“fraction of a minute, The edges of the two halves of the cast-iron shell are 
4courately machined and grooved to hold a composition gasket which forms 
^ tight joint when the 
filter is closed. 

А “boss” js cast 
Along the top half of 
the filter body, and 
holes are drilled 
through to receive the 
filter-leat outlet nip- 
ples Each hole is 
Counterbored on the 
inside to receive a 
filter-leaf rubber 
Washer and, on the 
Outside, to receive the 
nut and the lead 
her. 
ıı Side the uppe 
Alf, leaf spacers are Fro. 11,—Sweetland filter (open). 
blaced along the front 
and buck sides of the filter to keep the leaves in alignment. 

Special uses have been found for the Sweetland filter in many industrial 
chemical plants as well as in gasoline refining and in some phases of eane-sugar 
and beet-sugnr refining. 

Automatic sluicing mechanism is provided consistifg of a manifold 
ng through the entire length of the filter shell just above the leaves. 
are fitted at equal intervals along this pipe so that one nozzle is 
directly behind each leaf, 

By an external rack-and-pinion drive the nozzles are oscillated through an 
аге of 110 deg. and are moved longitudinally while oscillating; thus, when 
Water is supplied under pressure, one jet cleans both sides of a filter leaf. 

Filter leaves ace illustrated in Fig. 12, Each leaf is a circular piece 
Of heavy sereen bound at the edge with a U-shaped peripheral ring, This 
gives stiffness to the leaf and provides a smooth edge making it impossible for 
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the screen to damage the filter-cloth bag covering the leaf. An outlet sleev? 
welded to the top of the leaf receives the nipple which holds the leaf in plac 
in the filter and also carries away the filtrate. 

For bottom drainage the outlet sleeve is welded into a flattened tube which 
extends all the way to the bottom of the leaf. When air blast is used to drY 
the cake, the air must force 
ahead of it all liquid left in the 
drainage screen, as the only 
outlet is at the bottom of the 
flattened tube. 

Hence the liquid or wash 
water is displaced and dry- 
cake discharge secured. 

An improved type of leaf 
construction has lately been 
devised, which gives a better 
means of cloth attachment. тәр Drainage leaf Bottom Drainage tea? 
‘This is provided by a special PK; 
peripheral member (in place of Tus 
the conventional U-shape mentioned above), which has a dovetailed groove 
in each outer side of the U-shaped ring. Such design makes it possible (0 
apply any woven fabric without sewing. 

"The cover of the leaf (either cotton or woven-wire fabric) is cut into prope! 
size disks und applied separately to each face of the filter leaf by placing the 
filter cloth against the face of the leaf and caulking the outer edge of the 
fabric into the dovetailed groove in rim of U-shaped, using cotton sash cord; 
lead wire, or the like. 

Operation, Feed is supplied to the closed shell under pressure. Liquid | 
is forced through the filter medium covering the leaves and issues from | 


Spray pice 5 | 


wetland filter leaves. 
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Fro. 130.—Vallez filter (elevation and section). 


the individual outlets through sight glasses, the solids building upon both 
sides of the leaves in the form of & cake. When the rate of flow drops below 
‘the economie limit, feed is shut off and the excess is expelled by air under 
pressure sufficient to hold the filter cake in place. When the shell is cleared, 
washing is commenced by admitting water under pressure. After washing, 
discharge is effected by opening the drain valves and operating the sluicing 
mechanism. Water from the sluicing jets cleans the leaves and sluices out 
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Ше solids through the drains. 17 dry cake is required, washing is followed 

чу ал air blast, after which the lower half of the shell is swung open and a low 
„Pressure turned into the leaves to discharge the cake which falls into a 
оррег or conveyor below. 

Vallez Filter. In the Vallez filter (Fig. 13a), the leaves rotate inside a 

indrical pressure shell. The leaves are annular screen disks covered with 
Мег medium and assembled in parallel at regular intervals 
on a horizontal hollow shaft which rests in bearings at 
Ther end of the shell. This shaft serves as a filtrate 
{tunel and is rotated by worm-gear drive. The shell 
jj divided into halves at the horizontal center line and 
pe Upper half is provided with inspection doors opposite 

ie disks, 
habe replace a disk, it is necessary to unbolt the upper 
‘alt of the shell and remove it with an overhead crane, 
And, ав the disks are not sectored, the shaft is next raised 
And the disks removed until the defective one can be taken 
Off in its turn, 

Feed is forced in from a manifold pipe having openings 
Mto the bottom of the shell. For discharge, a sluicing 
pibe is located at the extreme inside top of the shell with 
oles drilled so that jets impinge at ап angle on each side 
Pf every leaf, At the extreme bottom of the shell is a 
trough ‘equipped with a revolving scroll to remove the 
pices solids through an opening in the bottom of the 

hol 

The Valles filter was designed for certain phases of 
Tugar-refining work, while a variant of the Vallez type has 
een used in oil-refinery operations. 

Burt Filter. The Burt filter (Fig. 14) is a steel cylinder 
Which is rotated like a cement kiln, It has a hollow 
trunnion at the feed end, and a tire and rollers toward the 
Pther end. Tt is revolved by a pinion drive, and its speed 
8 varied according to the nature of the material being 
filtered. The cylinder is lined on its inner periphery with 
drainage panels covered by filter cloth. Each panel has 
One or more outlet nipples passing through the cylinder 
Shell, and external stationary launders receive the filtrate 
topping from each circle of nipples. The rear end is 
"losed by а cast-iron door equipped with а quick-opening 
Sutlet for discharge, 

Operation. The material to be filtered is fed through 
the hollow trunnion at the head end, as the filter revolves. Jean). 

hen the required charge has been introduced, the 
feed inlet is closed, air is admitted under pressure, and this pressure is main- 
tained in order to force filtrate through the filter while forming and holding 
the cake in place. During rotation the filter cake forms while the filter 
Medium is submerged by the feed. The cake is homogeneous because 
of rotation. Any cracks which form are sealed when the cake renters 
the feed. When the flow of filtrate ceases, air pressure is released and wash 
Water is admitted. Rotation continues filling the cake with the water. 

‘ompressed air is then admitted which forces the wash through the cake. 
By using a muddy wash, all cracks or pit holes are sealed and a uniform cake 


13b—Val- 


ег (section of 


washing secured. For discharge, the air pressure is cut off, water is admitted: 
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the discharge ports are opened, and rotation is continued. 


The Burt filter had a limited use in cyanidation some years ago, sint? 


which time it has been 
used to some extent in 
handling xine sulfate 
liquors in electrolytic 
sine refineries. 


Intermittent 

Vacuum Filters 
Moore Filter. The 
Moore filter (Fig. 15) 
was the first to use 
vacuum filtration on a 
commercial scale, The 
leaf consists of a frame 
over which a bag is 
stretched to form. the 
filter. The frame is 
rectangular and is made 
of perforated pipe con- 
nected to a vacuum 


system. Collapse of the bag is prevented and drainage is provided for, bY 
When the leaf is submerged in 
applied, the cake forms on the оше 
A number of leaves 


ts sewed vertically into the bag. 
to be filtered and vacuum 


wooden 
the mate 


side of the leaf, while the filtrate is drawn through it. 


suspended side by side constitute a 
basket, the capacity of which is directly 


proportional to the number of leaves 


of a leaf, 

When a sufficiently thick cake hus 
formed, the basket is raised out of the 
feed tank and transported to another 
tank containing wash water, vacuum 
being continued meanwhile by meuns 
of а flexible hose connection After 
sufficient washing, the basket is again 
raised nnd transported to the discharge 
point, where the vacuum is shut off and 


nir pressure is applied. ‘The pressure distends the bags and discharges the 
саке. The moisture that remained on the inside walls of the filter cloth if 
and wets the outer side, It is the lubricating action of this 
that causes the 


blown back 


coupled with the weight of саке and the flexing of the clot 
ouke to slide off. Аз the leaves hang vertically from the frame, they are i? 


Crane runway 
connection fe vacuum, 


multiplied by the area of the two sides and compressed ar же 


Fic, 14,—Burt filter, 


iler leaves "|| 


Filtering Е 
"ant gi eyer 
Fic. 15,—Moore filter. 


the best position for a complete discharge to be made. 


Handling the filter baskets with an ovi 
one crane serving а number of bas! 


number and size of the leaves in each filter may 


output per cycle. 


The advantages of the Moore filter are simplicity of operation, rendY 
inspection of leaves after cake discharge, and ease with which a new leaf тау 


be installed in place of a defective one. 


head traveling crane reduces labor» 
installed in the same group. 
s altered to give а convenient 
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A disadvantage is that, during transfer from tank to tank, vibration may 
Fause the саке to drop ой. If the cake drops from a leaf, the washing is 
inefficient due to a short-circuiting of the wash liquid through the exposed 
рог loth. This requires strict control of the amount of fine sand 
Contained in the feed which acts as a filtration aid. Also, if possible, cake 
racking must be avoided. 

Butters Filter. The Butters filter differs from the Moore filter in that 
ihe leaves are installed in the tank and remain stationary during the filtration 
eyele, 

Feed is admitted until the leaves are -ubmerged, after which vacuum is 
APDlied. When the required load of cake has formed, the remaining feed 
î Pumped into a stock tank, the discharge valve is closed, and wash solution 
ОГ wash water is run in until the leaves are again submerged. Vacuum 
Maintained in the meantime to prevent the cake from falling off. After 
Washing, the solution or water is pumped out. The cake is discharged by 
pening the discharge valve of the tank, shutting off the vacuum, and apply- 
Mg Air pressure, when the cake falls off and is sluiced ам 

Small-scale operations require only one filter and one tank, whereas the 

ore arrangement requires two or three tanks. For large-scale work, 
“everal tanks and baskets are needed in each method. 
in At times the wash solution has been pumped on to the surface of the chargo 
jj the filter while drawing off excess charge. While this caused some diffusion, 
106 Saving in time and the continued submersion of leaves were thought to 
Mstify the practice, 

Both the Moore and the Butter filters have been widely used in filtering 
Cyanide slimes, but their use has now been generally supplanted by continuous 
fj tum filters and they no longer have the major importance in modern 
Altering practice which they once had. 


Continuous Vacuum Filters 

Oliver Filter, The Oliver filter (Figs, 16a, 16, 166) consists essentially of 

i cylindrical drum supported in an open-top tank or vat and in such a manner 
18 to allow rotation of the drum therein around its own axis which is in a 
‘origontal plane. "The position of the drum in the tank is such that its lowe 


rion is confined within the tank walls, while the upper portion is exposed 
above, 


The ends of the drum are either open spiders or closed heads which carry the 
two main trunnions by means of which the drum is supported, The drum 
Well is composed of а number of shallow compartments over which is secured 
помена of filter cloth. ‘The cloth is supported by a drainage grid and is 
"eld in place by a spiral winding of wire uniformly spaced. 

Since the pulps handled on the Oliver filter differ widely in the percentage 
liquid content and hence in the filtering rate also, the nature of the drainage 
&rid is determined by the use of the filter. 

For the simpler types of minerals and chemical products, the soreen grid is 
“Н n. deep, handling moderate amounts of filtrate. If built for various free- 

tering material (sulfite pulp as &n example), the filtrate passages must be 
Ample and drainage grids are therefore deeper, i.e., 114 to 144 in. 
qu the opposite condition is found in the very shallow grids in the eane-mud 
‘ters, These filters handle smaller flows and also separate the ini 
floudy filtrate; hence, sharp separation with the least dilution occurs wi 

е shallow grid (less than 14 in. deep) 

he screen support for the filter medium is a specially milled cedar grille 
OF most neutral or acid filtrates, but, with caustic filtrate, perforated steel 
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sheet or east iron is used. The latter is also used for salt solutions, Con- 
centrated acids require cast-lead grids. 

‘The interior of each compartment communicates through a separate con- 
duit (28), to a valve 
mechanism (31) 
which, during oper- 
ation, automatically 
applies either suc- 
tion or positive air 
pressure to the sev- 
eral conduits in ro- 
tation and through 
them in turn to the т. 
interior of the com- Im 
partments, The NU 
automatic valve 
(31) is connected to 
& vacuum system 
and to a source of 
compressed air. 

As the automatic 
valve is an indispen- 
sable control, it has 
been specially devel- 
oped in the Oliver filter. The earliest designs of automatic val 
Oliver filters made provision for separation of wash solution from filtrate: 
This was made by placing a bridge or stop in the valve interposing а barrie | 
between the fil- 
trate outlet in 
the lower half of 
the valve and the 
wash solution 
coming from the 
In 
many vases. no 
separation of in- 
itial filtrate from 
ash solution is 
required. For 
such enses and 
for simple de- 
watering opera- 
tions no bridge 
in the valveis re- 
quired, and only 
one outlet from 
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Fig. 162.—Oliver filter, discharge side. 
tor 


the valve is used. 
Two outlets 

are usually Fra, 165,—Oliver filter, agitator side. 

enough, but in Р 

some esses a "cloudy filtrate" port or outlet is provided when using " open; 


or wire-mesh, filter covers, which diverts a cloudy filtrate produced i? 
some uses of the filter just as the cake begins to form. This small amount 
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Of filtrate is returned to the filter feed and thus the remaining filtrate is kept 
quite clear, 

or [Ве Usual bridges or stops in the valve are set before starting operation 
01 the filter, In some cases they are arranged to be set by a handwheel on 
the outside of the filter valve, the handwheel allowing exact adjustment 
without removal of the valve for setting the bridges. This is a patented 
feature, 

Other valve bridges, also externally controllable, permit modifying the 
Mount of vacuum without altering the peripheral location of the bridges. 


|| 


з for filter 


Oliver filter with concentric-type agitator with independent dri 
drum and agitator. 
Parra List 


1. Filter drum 1. Automatic valve Connecting-rod pin 

2. Filter tank 32; Vacuum connection Rear bearing 

7. Drum arms 30. Felt washer Seraper plate 

val: Drum ahaft 41. Valve-adjusting pivot d-serow sproc 

Housed bearing 42. Valve-adjusting rod over support 
Worm-drive gear 45, Wiring sprocket A drum drive. 

^ Worm shaft 47. Worm. "Type A agitator drive 
Wood staves 48. Agitator rakes . Shaft coupling link. 
Division strips Agitator crank . Wiring center dolly box 


Reraper bearing Shaft coupling 
. Pipe plate 58. Diaphragm vacuum con- 
Crank shaft nections 

Center spider Saddle clips 

71, Handhole cover . Drum nipples 

. Agitator are ; Oscillating epider 
‘Automatic valve flange 219. Scraper tip 


Filter medium 
- Wire windini 

icraper bladi 
Scraper udjuster 
Drum piping 
Closed drum head 
Wear plate. 


For high rates of filtrate flow the vacuum passages or conduits leading to 
he valve from the surface of the filter drum are made very capacious to avoid 
fictional losses, In extreme cases the passages convert the entire interior 
Of the filter drum into manifold wedge-shaped compartments, which take the 
Place of the usual tubular conduits. 
Under the drum, barely clearing the bottom of the tank is suspended a 
framework (81) supporting horizontal rakes (48) which, during operation, 
| Slowly oscillate thus agitating the feed. 
| The filter cake is usually discharged from the drum surface by в scraper 
Маде which is set in a vertical position, and in the present design the blade 
does not touch the wire winding of the drum. On the edge of the scraper 
їв affixed a detachable rubber tip. The scraper itself is mounted upon the 
edge of the filter tank. The low-discharge point of the Oliver filter cake 
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permits cake discharge by pressure reversal only, in most cases, the serap? 
serving as a diversion plate only. 

There are important exceptions to this among which are the various fibrous 
materials formed in paper making. For these fibrous sheets, so called: 
vacuum alone does поё reduce the moisture content sufficiently low in som 
cases, nor does the scraper always give the best discharge. 

By applying pressure upon the wet sheet of fiber with heavy steel or east- 
iron rolls, much additional moisture is expressed, and the same sheet. is 
suitably removed from the drum of the Oliver filter by couch rolls or les 
rolls in contact with the sheet; the effect is by adhesion to the couch rol 
which rolls upon the sheet surface. The sheet is removed from the couch 
voll by a knife or “doctor.” 

‘The lead roll provides a lifting effect on the sheet which passes over th? 
lead roll without adhesion. 

A widely used means for removal of fibrous sheet is obtained by the effec! 
of vacuum applied externally to the sheet at point of discharge. Another 
discharge method uses jets of air and/or water introduced beneath th? 
fibrous sheet extern 

Above the exposed portion of the drum, and connected to the filter tank! 
is a steel framework supporting a number of horizontal water headers and 
th spray nozzles, the whole being enclosed by n sectionnlized housing: 
e filter mechanism is driven by a motor and speed changer, or alte! 
native mechanical devices. 

The simplest type of drive for the Oliver filter is by a belt and pulley. 

Various mechanical drives are possible for the Oliver filter. The one mo? 
favored now is a combination of motor directly connected to the worm-ge%" 
speed reducer and thence by V-belts and sheaves to the worm shaft thal 
drives the worm gear on the filter drum. Тһе motor and speed reducer ar? 
mounted on the filter tank. — Roller-chain and sprocket drives ure less favori 
though many installations still use them. Speed variations can be made i? 
various ways such as changing V-belt sheaves or sprockets. Others may u5* 
multispeed motors, or cone-pulley devices like the Reeves or the Link-Belt 
drives. Where d.c. current is available, rheostat speed control is possible. 

‘The original duty of the Oliver filter was the filtration, at air temperatures 
of mineral slime from water or from a moderately alkaline cyanide solution 
This required а simple design of steel, east iron, wood, and cotton material- 
oon its expanding field of use required a design modified to handle higher 
tomperatures with acid or alkaline solutions. The results were such that 
the Oliver filter now uses, besides the original type of steel, wood, cast iron, 
and cotton, filters ої all wood, others of all steel, stainless steel, or mont! 
metal. 

Certain duties require an all cast-lead filter, and there are also all сз 
filters. Lead-lined steel filter tanks are built and in some cases a shi 
of brass or copper is used over the wood and steel portion. Апу practic 
material of construction may be used in building the Oliver filte 
covers are provided in a wide variety of textiles, woven-wire cloth, as wel! 
finely perforated metal sheets. 

Operation. During operation, the drum rotates slowly while the tani 
is supplied with the material to be filtered and the level is maintained t0 
ensure a constant depth of submergence of the lower portion of the filter drum: 
In some types this depth may be set between limits ranging from жого 19 
almost complete submersion of the drum. Once chosen, the valve is set Tor 
the given conditions 
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Through the action of the automatic valyé, vacuum is applied to those 
fompartments of the drum passing through the sludge. The vacuum created 
Within the compartments causes a flow of filtrate through the filter medium, 
Condvits, and sutomatic valve, and а layer of cake solids is deposited upon 
the filtor medium covering the submerged portion of the drum. 

As the drum revolves, the vacuum in the compartments is maintained, and 
the layer of cake solids emerges and passes through the arc included by the 


Wash water trough Return roll spray 


x Return roll 


verfiom. 


“GL reducer Wood baffle 
Fig. 


— Feino filter. 


Ubper or exposed portion of the drum. Tt is subjected to washing by water 
tom the spray nozzles; the wash water permeates the cake and displaces the 
Quid contained. 
During this washing operation, the replaced liquid, together with some of 
he wash water, flows through the filter medium and conduits and is dis- 
Charged from the automatic valve in the same manner ns the liquid from the 
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rming operation. Wash liquor m ged separately from 
the original filtrate at the automatic v: 

Following the washing period, as each к ve compartment reaches the 
‘craper, the vacuum is cut off by the action of the automatic valve, and air 
Af low pressure is applied. This operation, with or without the action of 
ће scraper, effects the discharge of the cake, after which the cleaned filter 
Surface again rotates into the tank and the eyéle outlined above is repeated. 


1678 


Oliver Continuous Precoat Filter. This filter is a major modificatiol 
of the standard Oliver continuous drum-type filter. Its unique principl? 
of filtration and method of cake discharge have opened up many opportuni- 
ties for the continuous filtration or clarification of products that have hitherto 
heen difficult to handle.. Precoat filtration is particularly adapted to handling 
solutions with pasty, gummy, or colloidal substances, ог solutions with smal 
amounts of solids held in suspension. 

The Oliver precoat filter (Fig. 18) operates continuously in cycles. First: 
a heavy layer of filter aid is formed on the drum and then the solution to b? 
clarified is fed into the tank which 
has been drained of excess filter aid. 
As the drum rotates, a thin film of 
solids is continuously formed on the 
surface of the filter aid andisrotated — (| 
through the washing and drying zone 
to the discharge point. Here, an 
advancing knife-edge shaves off the 
film of solids and usually some filter 
aid. Тһе cleaned surface of filter aid 
rotates on into the tank for further 
саке deposition (see Fig. 19). Flow 
rates are sustained and high. Satis- 
factory clarification usually takes 
place in one step. Preconting takes TM 
less than an hour; filtering or clarify- ® 19 Operating method of Olivet 
ing continues for periods ranging E $ 
from 16 hr. to a week, depending upon how much precoat is removed with 
the cake. 

"The Oliver precoat filter is made for both continuous-vacuum or continuo 
pressure operation. Enclosed units are made for handling products givink 
off noxious or volatile gases or where insulation must be provided. 

Feinc Filter. This filter (Fig. 17) is a continuous, rotary-drum vac 
filter similar to the Oliver already described but differing essentially 24 
follows: 

‘The discharge of cake is effected by a system of endless strings passing 
around the drum and over а roll for lifting the cake from the drum. 

Outlet pipes from the drum compartments terminate in porta on the periph- 
ery of the rotating hub instead of at the face or end of the hub. 

‘The valve is annular in shape enclosing the hub and haa ports that break 
the vacuum on those compartments where the strings lift the cake from the 
filter drum. 

No back blow of used. 

‘The drainage members in each compartment are formed of spire 
wire mats cut in sections to fit. 

Operation. The feed is supplied to the tank in which the drum revolve 
and vacuum is applied, causing cake to form and to embed the endless string? 
on the submerged sections. 

As the drum revolves, the cake emerges and travels around with the drum (0 
the point of discharge, which is normally on the descending side. Неге the 
vacuum is broken by the automatic valve and the strings leave, lifting the 
cake from the drum. They pass over a discharge roll, as shown in Fig. 17+ 
the flexure causing the cake to fall from the strings, As the strings retur 
to the drum they pass through a comb to keep them in alignment and {0 
remove any adhering cake. 
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Dorrco Filter (Fig. 20). This is а vacuum filter of the rotary-drum type 
With the filter medium placed on the inner surface of the drum as a series 
of panels parallel to the drum axis. The drum serves also as the container dor 
the pulp and no supplementary tank is used. Except for the annular retain- 
ing ring which creates the bath, the drum is open at one end for convenient 
inspection. 

‘The drum is supported by a tire and riding rolls at each end. Itis driven 
by a motor and speed reduction connected to the riding-roll shaft by chain and 
Sprocket. The automatic filter valve is the same as the one used on the 
Oliver filter, although formerly it was of annular type. Bridges used in this 
valve are the sume as those in the Oliver filter, but additional bridges permit 
Alternating suction and pressure in the cake-discharge section. 

A troughed belt conveyor runs through the machine at one side of the 
Center line collecting the cake as it is discharged and delivering it through 
the end of the machine at the center-line elevation. ‘This conveyor is driven 
through the opening in the annular valve, and the drive arrangement is such 


|| 
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Dorreo filter. 


that the speed of the filter drum can be adju: 
Of the conyeyor. In some cases cake is removed by a spiral scroll in a trough. 

The feed is arranged to enter at either end of the drum and is distributed 
uniformly on a line, the full length of the drum, by means of an inclined 
rifled launder or some other simple feed distributor. 

‘The inner face of the drum is composed of a series of individual filter panels. 
In the case of a fabric filtering medium, the cloth is loosely stretched over the 
Panel surface and conveniently held by packing rope on the four sides of the 
Panel. This packing rope is pressed down into narrow grooves leaving a 
smooth and practically continuous exposure of active filtering surface. 
‘These panel coverings are supported on a punched plate which is rigidly 
Spaced away from the outer shell to allow passage for air and filtrate, and the 
filtering medium is in turn held free from the punched plate by an intermedi- 
ate layer of backing cloth. The cloth can be applied as a one-piece blanket 
for the filter, or, by simply cutting the cloth in rectangular strips, the indi- 
vidual panels may be separately reclothed. The panel compartments 
communicate through the end of the drum with externally located piping, 
leading to individual ports in the replaceable rotating wearing plate of the 
atomatic head valve, so that the vacuum, pressure, steam, etc, can be 
Applied in proper sequence during the cycle, 
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Operation. As the filter revolves, the cloth passes down into the pulp 
bath underneath the line of feed and the cake-forming vacuum is applied 
automatically as adjusted by the setting of bridges in the head valve, per” 
mitting, where desired, the precoating of the cloth with the coarsest, most 
rapidly segregating material in the feed. As the cloth emerges from the 
bath, the cake is drained out and washing sprays may be brought to bear 
upon it while it is still resting in an inclined position against the drum 
Following this early application of washing sprays, the cake is dried by 
vacuum until discharge. 

‘As the cake passes over the hopper which guards the discharge conveyor: 
the drying vacuum is cut off and the panel is brought into direct connection 
with the special discharge port. ‘This port leads by separate piping drom 
the filter valve to а small four-way valve bringing the port into direct con- 
nection with the inlet and outlet of a small blower, and at the same time 
alternately opening the outlet and inlet connections of the blower to the 
atmosphere. This imparts to the panel an alternating pulsation with в 
gentle breathing action, freeing the cake and permitting it to drop away by 
gravity to the collecting conveyor, at the same time repeatedly flexing t 
cloth as a reconditioning step for further operation. When cake discharges 
readily and cleanly from the cloth, the “pulsating” discharge is changed to 
simple low-pressure “blow” discharge. 

Following the discharging of the cuke, the cake cloth is exposed and, if 
desired, the pulsation may be continued and spraying or steaming of the 
cloth accomplished with the separate division of the valve available for 
this u 

No agitation of the pulp bath is used as any settlement or segregation 
which takes place is in the direction of cake formation, and neither the pulp 
án the bath лог the cake оп the cloth comes in contact with any mechanical 
device ог stationary surface. 

In the case of {ree-filtering materials, permitting high speeds of filter opera- 
tion and handling of large tonnages on comparatively small drums, the face 
of the filter is short in proportion to its diameter and a simple chute is sub- 
stituted for the belt conveyor. Тһе short-faced filter lends itself particularly 
well to the distribution of extremely coarse heterogeneous feeds where any 
appreciable depth of bath is difficult to maintain, the coarse material being 
merely sluiced on fo the narrow path of filtering surface revolving under 
When operating conditions prevent the use of cotton filter cloth, a special 
type Dorrco filter has been designed to use woven-wire cloth. The separate 
panels in this design are inwardly convex, instead of uniformly concave like 
those in the standard Dorrco. These panels have special clamping bars and 
plates to hold the wire cloth in place. 

Oliver Top-feed Filter. On this filter (Fig. 21) the feed is applied on 
the ascending face of the drum and a chute receives the cake when discharged. 
The end flanges extend radially beyond the face of the drum in order to 
retain the feed. These departures from ordi rotary vacuumefilter 
construction are shown by the illustration. ‘The cake is carried around the 
filter nearly to the point of cake formation before discharging, or about 3 
deg. travel on the cireumference, 

In cases where minimum moisture concentrations are needed, a hood ів 
provided in which the incoming air is heated before it is drawn through the 
cake thus obtaining а dry product by direct evaporation with high thermal 
efficiency. 

Large volumes of air are drawn through (ће cake at low vacuum (2 to 4 
in. Hg) and the power consumption is reduced to a minimum by designing 
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the filter with the least possible internal resistance—no piping being used in 
the vacuum conduits of the filter. 

Since very low moisture concentration in a filtered product is usually 
required, the design of the Oliver top-feed filters has evolved methods for the 
Application of heat to the filter cake in various convenient ways. 

Where indirect heat at lower temperature is needed, the air drawn through 
the filter cake is first passed through a heat exchanger built on the multi- 
tubular plan, using steam. 


ое. 


Hot-air inet N 
both sides 


Inspection door 
both ends 


American filter. 


Higher temperatures may be obtained through use of direct steam or of 
heaters supplied with oil, gas, or coal fuel, which provide direct use of gases 
Of combustion. “Bone dry” salt crystals are readily produced on the Oliver 
lop-teed filter. ‘The dewatering of crystal magma, such as salt crystals in 
brine, and other crystalline chemical products are a special field of the Oliver 
top-feed filter. 

Other similar mineral products, such as metallurgical table concentrates 
and phosphate sands are successfully handled by it also, Its use includes 
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handling such uncommon substances as Cellophane-waste product, which 
occurs in tiny micaceous flakes. 

A special economie advantage of the Oliver top-feed salt filter is obtained 
by using vacuum exhausters that are direct-driven from steam turbines, the 
exhaust from which is used in vacuum-pan evaporators. 

‘The tonnage that can be handled on the Oliver top-feed filter of a given. 
area depends chiefly upon the fineness of the material and the final degree 
ої moisture content required. On materials for which it is particularly 
adapted, the capacities obtained are from 5 to more than 35 tons per sq. itr 
of filter area per 24 hr. 

A recent modification of the Oliver top-feed salt filter is known as the 
Oliver-Robison filter. In this design, the trunnion of the filter is not pro- 
vided with the usual filter valve, but instead the trunnion extends directly 
into the vacuum filtrate receiver. Special drum construction also provides 
the means of obtaining greater drying efficiency. 

In special cases the drum face may be divided into a series of hoppers by 
inserting partitions of suitable height between the extended drum flanges 
‘These partitions are set above the division strips во that each hopper orro- 
sponds to an individual section of the drum. This construction mal 
possible the handling of large volumes of loosely packed materials as it р 
vents the slippage of the cake while dewatering is being effected. 

American Filter. The American filter (Fig. 22) is a continuous rotary 
vacuum filter consisting essentially of a number of filter disks mounted 
regular intervals around a hollow cast-iron center shaft, as illustrated in 
Fig. 22, Rotation is by a gear drive. Each disk consists of a sector of wood, 
iron, or bronze, ribbed on both sides to support the filter cloth and to provide 
drainage. 

Some of the recent American filter units are provided with a built-up steel 
central shaft in place of the hollow cast-iron shaft. 

Each sector has an outlet nipple that passes through an opening in the 
cast-iron center shaft joining a conduit running the entire length of the shaft 
and terminating in a port at the automatic valve, Each conduit serves as à 
filtrate channel for all sectors along the shaft, on that line. The automatic 
valve is similar to those used for other continuous rotary vacuum fil 
Sectors are held in place by radial rods, each rod having a clamp and nut on 
the outer end that holds two adjacent sectors in place, Any sector can he 
replaced without disturbing the others, and at slow speeds it is not necessary 
to stop the filter to make the change. 

Filter covers are in the form of bags slipped over the sectors, and the outer 
edges are folded under the clamps. At the filtrate nipple, a cord is tied 
round the neck of the bag and a rubber washer makes a tight joint between 
nipple and center shaft. Тһе assembly of filter disks on the center shaft is 
mounted in a feed tank so that the sectors are completely submerged durin 
the cake-building portion of the cycle. On the discharge side, the filter 
tank is crenelated to accommodate the disks. The space between these 
divisions is utilized for cake discharge; scrapers or tapered discharge rolls 
for each disk are mounted at the top of the tank. In some cases discharge 
is effected by fine water jets under pressure. 

Operation. During operation, the feed is supplied at the bottom of the 
tank through a manifold pipe having one supply nozzle under each disk. 
A homogeneous mixture is maintained by forcing a steady stream of feed 
through these nozzles, the excess pulp returning to the supply tank through 
an overflow in the filter tank. ‘The disks rotate slowly, and, as soon as the 
sectors are submerged, vacuum is applied by the action of the automatic valve. 
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= layer of cake solids forms upon the cloth on both sides of the sectors and the 
fj ate passes from the sector through the conduit in the center shaft and out 
hrough the automatic valve. Vacuum is still maintained when the sectors 
emerge and are exposed to the air, and wash is applied if required. Ав each 
itor reaches the scraper, or discharge, roll, vacuum is eut off and a gentle aie 
Мазь is applied. This causes 
he filter bag to inflate as it is 
hot held fast to the sector by any 
ЕН or wiring, Contact of the 
bags with scrapers or with ro- 
tating discharge rolls causes the 
take to drop between the tank 
divisions, In some uses, the 
feed entors the American filter 
from a launder placed along the 
rim of the filter tank. 

Streamline Filter, This 
filter (Fig. 23), also known as 
the edge filter, differs in ope 
sting principle as well as me- 
chanical design from other types 
Of filters and is widely used in 
renovation of insulating oils. 

Closely compressed disks of 
Specially prepared paper are 
Used as the filter medium, the 
filtrate passing by edgewise 
filtration between, not through, 
these disks, while the solids 
Collect upon the outer edges of 
the disks which form a hollow 
Column or “pack” when assem- 
blerom a launder placed along the 
rim of the filter tank. 

Streamline Filter, This 
filter (Fig. 23), also known as 
the edge filter, differs in ope 
sting principle as well as me- 
chanical design from other types 
Of filters and is widely used in 
renovation of insulating oils. 

Closely compressed disks of 
Specially prepared paper are 
Used as the filter medium, the 
filtrate passing by edgewise 
filtration between, not through, 
these disks, while the solids 
Collect upon the outer edges of 
the disks which form a hollow 
Column or “pack” when assem- 
bled in a unit, Application of 
Vacuum to inside of the pack 
draws the oil through it, all pr 
traces of sludge, carbon, and Fro. 23.—Streamline filter (section). 
Other solids being retained on 
the outer edges of the paper disks in the form of acake. Discharge of this 
Sake is made at the end of the day's operation by reversal of flow, using 
compressed air. The streamline filter uses a number of such elements 
(‘packs’) mounted together in a container and interconnected for joint 
Operation. In certain cases the streamline filter is arranged to operate as a 
Pressure filter instead of by vacuum 

Wide applications of this filter have been found in purification and dehydra- 
tion of insulating oils and the like. Solid impurities, colloidal or otherwise, 
аге removed by passing through the streamline filter, and, by the dehydration 
effected, the oil regains the standard dieleetrie strength for transformer and 
sireuit-breaker oils, Dehydration occurs through the joint effect of heating 
the oil followed by subjecting it to vacuum. 

"The streamline filter has been extensively adopted in England and abroad 
or such uses. 

Mention should be made of the various small individual filter units mounted 
on internal-combustion engines for clarifying continuously the crankease oi 
‘These are usually provided with a cotton-flannel tubular labyrinth into whic 
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the dirty oil is pumped. The impurities are retained within the cotton tube 
while clarified oil passing through the fabric walls of the tube is returned to 
the crankcase. 

Another small type of filter used in commercial production is the pressure 
unit, which depends upon specially prepared asbestos material, in pads or in 
bulk, as a filter medium. This type is often used in the wine industry and 
elsewhere for extremely fine secondary clarification following primary filtra- 
tion on small pressure-leaf filters. 

‘These oil and wine clarifying units are made in many forms, but are always 
yery small compared to production units in other industrial uses. 
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Corrosion-resisting Construction* 

Filters are employed under а great variety of conditions, and in chemical 
work it is necessary to construct them of corrosion-resisting materials capable 
of withstanding attack by caustic solutions, alkalies, or acids. Each substance 
or solution to be handled presents а problem calling for special materials of 

onstruction. 

For caustic solutions and alkalies, filters are built of cast iron, using alloys 
such ав stainless steel and monel for bolts, nuts, fittings, and the filter medium. 

For acid conditions, plate-and-frame presses and vacuum filters are made 
of wood. Fittings may be lead covered or made of special alloys chosen for 
their resistance to corrosion under the given conditions. 

Lead is used as an internal lining for pressure filters of the closed-shell type 
and for tanks of vacuum filters, the drums of which may be cast lead. Rubber 
is suitable under severe acid conditions, but it is limited in its applications 
by the required temperature. 

For filter mediums, wool and woven-wire monel cloth are extensively 
used, and there are special eases where asbestos fiber, fiber glass, nitrated 
cotton, or rubber cloths are used. 

Advice from filter manufacturers should always be obtained when consider- 
ing the filtration of corrosive materials, since they constantly conduct research 
to prolong the life of their equipment. 


Pulp Agitation 

To obtain maximum filter output, the feed must be maintained as a homo- 
geneous mixture. If the material to be filtered contains particles varying in 
size and density, segregation takes place unless there is sufficient agitation. 

In shell-type pressure filters, segregation is prevented by maintaining в 
circulation of excess feed through the filter. When the proportion of solida 
in the feed is small, this is essential for the formation of even cakes. 

‘The rotating-disk vacuum. filter (American) utilizes feed circulation to 
proyide agitation by forcing the feed through inlets in the bottom of the 
tank directly under each disk, the overflow returning to the feed-supply tank. 
‘This gives excellent results with materials of high specific gravity and of 
uneven size, 

In rotary-drum vacuum filters (Oliver), agitators іп the form of longitudinal 
takes oscillating under the drum in the tank are most satisfactory. 

For materials that dewater quickly causing thickening, of the feed in the 
filter tank, the oscillating agitator may haye hollow rakes through which the 
retuyned filtrate is forced, thereby preventing segregation, The amount of 
filtrate used for this purpose is adjusted to maintain a balance between solida 
and liquids to give the required density of filter feed 


* See pp. 2091 
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_ Vacuum leaf filters of the Moore and the Butters types use air lifts a the 
Sides of the tank between the leaves as a means of circulating the feed and 
Preventing settlement; ог a centrifugal pump may be used. «4 

In the Богтсо filter, agitators are never used and segregation is encouraged 
ав an aid to filtration. This is a result of applying the filter medium on the 
ior of a drum acting as its own pulp container. 


Range in Operating Vacuum 

, The vacuum registered when a filter is operating satisfactorily is an indica- 
tion of the resistance offered by the filter cake and the filter medium to the 
Passage of віт. For instance, a erystalline solid like grainer salt, when filtered 
from the mother liquor of brine, requires the passage of a largo volume of air 
through the cake, yet the vacuum gage will indicate only 2 to 4 їп. mercury 
In this case, the thick cake and the filter medium offer very low resistance 
to the passage of as much as 40 cu. ft. of free air per minute per square foot of 
filter area. 

Precipitated calcium sulfate is of much finer grain size and therefore offers 
а. correspondingly increased resistance. It does not require large volumes, 
Usually 1 to 3 cu. ft. per min. per sq. ft. filter area but the vacuum gage wi 
indicate 10 to 14 in. mercury 

Cane-sugar mud is so finely divided that the passage of air in restricted 
to very small volumes, about 14 cu. ft. free air per minute per square foot of 
filter area. The vacuum readings are from 25 to 27 in. mereury. 

Vacuum readings serve to indicate the friction encountered in drawing а 
given umount of filtrate and air through the filter cake and filter modium. 

The range of vacuum employed depends upon barometric conditions at 
the locution of the equipment. 


Temperature: 
Character of material being handled. 
Size of vacuum pump in relation to filter equipment. 


Cyanide Pulp. The recovery of gold and silver from ores is usually 
effected by grinding the crude ore to 90 per cent —200 mesh and dissolving 
its precious-motal content with sodium cyanide solution. Still finer grinding 
№№ now done in some cases up to 90 per cent —325 mesh. The thickened 
pulp resulting from this operation is usually filtered and washed on continuous 
Vacuum filters for a thorough recovery of gold and silver. 

Although the ore is usually quartz, there are often enough clay and other 
semiplastie material present to reduce the porosity of the mass when filtered. 
Therefore, the capacity of such filters varies directly with the proportion of 
clean quartz in the pulp and, in some cases, capacities of 2000 1b. and upward 
dry weight per square foot of filter area have been handled on continuous 
filters in cyanide-slime plants when treating clean quartz ores, 

‘The oxidized and clayey ores will lower such capacities to 450 to 600 Ib. 
рег sq, ft. of filter area per 24 hr. 

Cyanide-slime filtration requires both filtration and thorough washing of 
the filter cake before discharge to remove the dissolved gold and silver, und 
for the latter either, or both, or drip-wash equipment are provided. 
Wash equipment must be effective and subject to observation, as the charac- 
ter of the washing is revealed by the appearance of the cake surface during 
the operation, 

"The pulp fed to cyanide filters is usually 40 to 50 per cent solids, while 
discharged-eake moistures vary with the nature of the crude ore, ranging in 
most cases from 15 to 25 per cent. 
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As the cyanide solutions handled are alkaline with lime, the filter cloths 
become gradually clogged with calcium carbonate, and this requires at inter- 
vals the use of hydrochloric acid-solution wash to remove the coating on the 
cloth and to maintain its porosity. Cotton fiber covers are universally 
used for this work, while the filters are built of steel, cast iron, and wood. 
No brass is used as it is attacked by cyanide solution. 

Metallurgical Flotation Concentrates, ‘These products are obtained 
by the flotation of ore ground to a fineness varying from 65 per cont passing 
200 mesh to as much as 90 per cent passing 350 mesh. Usually over 50 per 
cent of the particles composing the feed are metallic sulfides such as galena 
(PbS), zinc blende or sphalerite (ZnS), chalcopyrite (CuFeS:), of high specifie 
gravity 7.5, 4.1, and 4.2, respectively. The capacity of the filter will be 
determined by the fineness of the particles, their specific gravity, the density 
of the feed, and the amount of gangue or non-metallic material present in the 
form of slime. 

Japacities of 300 Ib. per sq. ft. per day are obtained upon material con- 
taining considerable gangue and slime; 1400 lb. or more is obtained on the 
same material, even with finer grinding, provided а clean concentrate is made. 

‘The object of filtration in this case is simply to dewater the concentrate 
preparatory to smelting, and cake moistures run from 7.5 to 16 per cent. 
Pressure filters are unsuitable because the proportion of solids in the feed is 
high, necessitating frequent opening and discharging and thus making opera- 
tion and maintenance charges exorbitant. 

Rotary vacuum filters, with their continuous discharge of cake, handle 
such material with minimum of attention and low operating and maintenance 
charges. 

Metallurgical Gravity Concentrates and Sands. These products are 
obtained by water classification of ores in which a part of the mineral particles 
is liberated without fine grinding. Screen analyses of the feed selected at 
random show 10 to 15 per cent held on 20 mesh and 34 to 72 per cent held on 
65 mesh, 

With such coarse feed it is difficult for a rotary vacuum filter to pick up 
and hold cake against the action of gravity when the position of the filter 
medium becomes such that the undrained cake is on the under side and liable 
to fall off by reason of its weight. Suitable types of vacuum filters give high 
capacity ranging from 5 to 35 tons per sq. ft. filter area per day when handling 
such feed. The Oliver top-feed filter is best suited for this use, 

Cane-sugar Syrups. For the clarification of liquor and syrups in sugar 
refineries, pressure filters are especially suitable and, conyersely, vacuum 
filters are unsuitable. This is because the proportion of solids in suspension 
is во low as to require a filter aid to enable clarification to be effected. The 
proportion of filter aid added is about three times the weight of solid to be 
removed and this makes a reasonable thickness of cake, Plate-und-frame 
presses und shell-type pressure filters are used. 

Paper Pulp. This material, because of its fibrous nature, is free filtering 
and is readily handled on open-mesh wire screen, It is bulky being of low 
specific gravity, and the quantity to be handled by any unit is large.. At the 
same time, large volumes of water or solution must be removed and therefore 
the only filters suitable are yacuum filters with continuous discharge. There 
are many stages in the manufacture of pulp and paper at which filtration is 
performed such as in washing the stock after cooking in the digesters, decker- 
ing after screening, thickening prior to bleaching, washing after bleaching, 
and to recover fiber from paper-machine waste white water. 
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"The output obtained varies with the nature of the work and is from 200 to 
1200 Ib. per sq. ft. filter aren per day, and the water, or solution filtered, will 
vary from 115 to 20 gal. per sq. ft. рег min. 

Sewage Sludge. АП types of sewage sludges produced af municipal 
Sewage-treatment plants such as raw, activated, digested, and various mix- 
tures are now being dewatered successfully by means of vacuum filters. 
Dewatering in this manner is impractical without sludge conditioning, and 
Some sludges are difficult to dewater even after treatment. The suspended 
particles are finely divided and are compressible and distorted by pressure 
to such an extent that 1g to 14 in. is the usual limit of cake thickness. 

Vacuum filters are particularly suitable for handling this material since 
they accomplish dewatering at a relatively low pressure: 21 in. mercury. 
Under this pressure (1014 Ib. per sq. in.), there is least distortion of the com- 
Dressible feed particles, А fair filtrate is obtained, and the cakes are auto- 
matically discharged. 

Filter feed ranging from 1 to 10 per cent cake-forming solids gives a capacity 
of 25 to 250 Ib. dry weight of cake per square foot of filter area per 24-hr. 
day. Cake moistures are 65 to 85 per cent, depending on the type and 
character of the sludge handled. Raw sludge cake is usually incinerated; 
Aotivated is incinerated or dried for fertilizer; and digested is incinerated or 
Spread on land for soil conditioning. 

Cement Slurry. In portland-cement manufacture, the raw material is 
ground either with or without addition of water and the wet-ground material, 
known as slurry, is the type of feed used in most cement plants today. 
Whether в wet or a dry mixture is used, it must then be calcined and burned 
in а rotary kiln, the water content in the wet mix requiring the use of fuel to 
evaporate it during the process. To avoid this use of fuel, filtration of the 
before burning has been widely adopted. 
und material in wet cement slurry usually is chiefly limestone with 
Some shale or clay for the alumina constituent, but there sre also plants 
Operating on marl, which is a natural mixture, and on blast-furnace slag and 
limestone. In all these cases, filter plants have been successfully used to 
reduce the water in the feed to the cement kilns. ‘The wet-ground material 
Usually enters the filters with 30 to 50 per cent water content, and the filter 
саке discharged from the filter will range from 17 to 25 per cent moisture. 
The moisture content in the feed to the filters is usually kept as low as is 
compatible with the easy handling of the pulp in the pumps. 

The filtration of such pulp on vacuum filters shows wide ranges in capaci 
ав do individual plants. This is caused by variations in raw material from 
the quarry, so that cement-filter installations should be calculated with 
Prudent capacity factors, Usual filtering rates аге 400 to 1000 Ib. dry weight 
ber square foot of filter area per 24 hr.; under exceptional circumstances, 
tates are considerably higher. 

Besides the fuel economy noted, the use of filtors enables a given size of 
cement kiln to burn more clinker than before and thus to increase the capacity 
Without an increase of kiln installation. This provides a reduction in cost 
Per unit of product and is a valuable factor in the economy of cement-plant 
Operation. 

In many ways the filtration of cement slurry resembles cyanide-pulp 
filtration, as both are finely ground mineral pulps in aqueous suspension, and 
the filter cakes produced are quite similar. The density of cement slurries 
Prevents segregation of solids in the suspension, which may occur in more 
dilute mixtures. 
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Salt and Crystals. This class of material is being separated from accom- 
panying solution and dried with success on continuous vacuum filters. 

Formerly, this work was done by centrifuges of various types, but the 
continuous yacuum filter has now been widely adopted for this service. 

The materials handled under this heading may be any practically slime- 
free aggregate of non-deformable solids whose particle size is usually in а 
narrow range which assures uniform cake formation, There are cases, how- 
ever, where heterogeneous masses with wide range of sizes are successfully 
filtered on salt-type filters. 

This plan has been adapted in practice for sandy pulps and for many 
crystalline precipitates in various solutions. 

The ratio of solids to liquids in the filter feed does not affect the filter per- 
formance greatly, as is the ease with plastic pulps; and the moisture in the 
discharged cake is always low. 

Capacities are usually high: in the case of sodium chloride, 4 to 6 tons per 
sq. ft. filter area рег 24 hr. being capacities often reached. In special cases 
much higher capacities ћауе been reached in regular wor! 

‘The liquid in the cake is removed by the use of vacuum and heated air 
drawn through the cake while on the filter. The salt is therefore readily 
discharged at 2 to 2.5 per cent water content and, by special equipment, can 
be discharged from the filter below 1 per cent water; " bone-dry " salt is now 
being produced on Oliver-Robison top-feed filters. 

Filters of this type usually require cast-iron construction with woven metal- 
cloth covers and differ from conventional design by small drum dimensions 
together with large internal conduits in the drum. Vacuum pumps used 
handle large volumes of air at low-gage reading, 5 in. Hg, or less, being usual. 

Beet-sugar Plant Filtration (Saccharate and Carbonation Mud). 
"The recovery of dissolved sugar from beet juice includes the use of filters 
аф two stages: first, in the separation of the earbonated beet juice from the 
insoluble impurities and lime sludge produced by carbonation. In this 
stage, the filters remove a clear first and second carbonation juice and wash 
the resulting lime cake to a low sucrose eontent in & single filtration. 

The second stage consists of the separation and washing of calcium sac- 
charate in the Steffens process. This is a two-stage operation wherein one 
filtration removes the trisaccharate, and, after further lime treatment, à 
second filtration removes the mono- and ай harate. This latter step 
completes the removal of su; from the beet molasses, since the first pre- 
cipitation as trisaccharate does not remove the entire sugar content. 

Before continuous vacuum filters became the standard for beet-sugar 
factories, pressure filtration was the rule, but economies gained in substituting 
continuous vacuum filters in this work have made the use of pressure filters 
for this duty a rarity. 

Summarizing, the results of continuous vacuum filtration in beet-sugar 
factories are: 
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"Minimum sucrose left in washed lime cal 
Minimum impurities left in washed saccharate cuki 
Minimum use of wash water and evaporation cost. 
"Minimum cost for filter-eloth renewals and acid treatment. 
‘Minimum labor requirements and use of sF "led labor unnecessary, 
of filtered carbonation juice is high 


For a typical Steffens A factory installation, using 3.75 per cent CaO addi- 
jon, a vacuum filter on carbonation mud will handle about 1.35 equivalent 
tons of sliced beets per square foot of filter area per 24 hr.; and а “milk-of 
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lime" plant, at 2.50 per cent CaO addition, will handle 2.00 equivalent 
tons; variations in the amount of lime affect the capacities of the filter 
proportionately: 

Calcium saccharate filtration is based directly upon the amount of molasses 
treated and gives a rate of about 190 Ib. molasses per square foot of filter area 
ber 24 hr. on tricalcium saccharate. 

The filter feed on carbonation-mud-filter units is usually about 40° Brix. 
Or about 17.5 per cent cake-forming solids; the pulp ів filtered and washed on 
external drum filters to 1.5 to 2.0 per cent sucrose оп СаО. To effect this, 
as little as 110 per cent wash water is used in terms of wet cake. 

The feed to the tricalcium saccharate filters is about 12.5° Brix. with 6.4 
ber cent sugar, and the wash water from the filter contains about 0.70 to 
0.75 per cent sugar. 

Petroleum Products. The major problems involving filtration in the 
refining and processing of petroleum oils include: 


1. Contact filtra ach as lubricating stocks, 


n of contacted petroleum producte 
. Clarification of oracking-still residuum. 
. Filtration of chilled ails to remove wax. 
„& Miscellaneous problems, including secondary clarification after contacting, or the 
"polishing" of products to ensure absolute freedom from solids just prior to shipment, 
@mulsionsbreaking, ete 


In item 1, finely divided bleaching clay is added (frequently after acid- 
treating the oil), thoroughly agitated with the oil at the required temperature, 
4nd then removed by filtration which produces the required color. The 
Amount: of clay employed and the temperatures used vary with the different 
oils. Usually from 1 to 3 Ib. clay per barrel of gasoline will suffice, while in 
the case of high-viscosity lubricating oils from 4 to 15 per cent of clay (based 
on the weight of oil) may be necessary. Shell-type filters are generally 
employed, as the percentage of clay is either very low, as in the case of gas- 
Oline, or else the temperatures are near the flash point of the oil (or the naphtha 
Used in cutting back the more viscous oils prior to filtration). Rates per 
square foot of filter area will vary from as much as 75 gal. on gasoline with 
little clay, to as little as 2 to 3 gal. on very viscous oils. Continuous revioval 
of contact clay from lubricating oils is now more effectively done by precont 
filters, Continuous drum filters, such as the vacuum precoat, are also finding 
application on problems in item 4. 

Not all cracking-still residuums have been successfully filtered. On cer- 
tain residuums, rates as high as 7 gal. per sq. it. filter area'are being obtained. 
In some cases filter-aid material is being used. Shell-type filters are generally 
employed as temperatures frequently range as high as 650°F. 

Item 3, as noted above, includes the recovery of marketable paraffin wax 
And also (secondly) the filtration of oils, using a special solvent, for the 
Primary purpose of lowering the cold test. In the first case, special high- 
Pressure plate filters with heavy canvas-lter pads are generally employed 
And rates are low and pressures range from 300 to 400 Ib. per sq. in. In 
lowering the pour point of oils, either continuous vacuum filters or shell- 
type pressure filters are employed depending upon the requirements of the 
‘idual problem, 

Bhell-type filters have generally been employed in division 4, as the per- 
centage of solids is usually very low and filter aids are frequently employed. 

Bettled Cane-mud (Cachaza) Filtration. In producing sugar from 
Sugar cane in defecation mills making raw sugar, and also in defecation-sul- 
fitation mills making plantation white sugar, the common practice is to settle 
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the hot, treated sugar juice; to draw the clarifier juice from the upper parts 
of the settling tanks; and likewise to draw the settled muds from the lower 
parts of the settling tanks. These muds are subsequently filtered, often after 
additional “liming” and sometimes settling. This filtration is decidedly 
difficult in the large majority of сапе mills. 

"The rapidity with which filter cloths become clogged has resulted in the 
retention of the plate-and-frame type of filter although there are some notable 
installations of leaf-type pressure filters, particularly in Java and in the 
Philippine Islands. A plate-and-frame filter-press station in а sugar mill ія 
usually the highest loss, highest cost, most unsightly, and most objectionable 
station in the mill, 

In recent years continuous vacuum filters are rapidly replacing plate-and 
frame-press installations; seldom are plate-and-frame presses installed now 
in в new factory, preference being given to vacuum filters. The method now 
generally adopted is to send the settled muds either from open defecators ог 
continuous clarifiers after hot liming treatment to specially designed vacuum 
drum filters using perforated metal plates as the filter medium, the filtrate 
being divided into two parts, the first or cloudy filtrate being returned to 
process and the second or main filtrate going direct to the evaporators, 

Filter eapacities vary between wide limits in different localities and in 
different mills in the same locality, being determined to a large extent by 
factors outside the control of the operating staff, such as the nature of soil 
and the climatic conditions, and also by other factors under control, such a4 
chemical control and mill conditions. The two primary requisites for 
vacuum-filter operation are relatively thick muds and sufficient fine cane fiber 
in the muds for formation of a filter cake. Capacities will ordinarily be from 
а minimum of 5 to a maximum of 10 tons (2000 Ib. per ton) of cane per square 
foot of filter area per 24 hr. 

‘The саке on vacuum filters is washed in the usual manner for the removal 
of sugar solution and no difficulty is experienced in reducing the sucrose 
content of the cake to a maximum of 1.25 per cent. With care, the sucrose 
content can in all cases be reduced to the point, where no further advantages 
are gained by further lowering the sucrose content. 

The advantages of vacuum filters are: 


1. Continuous and automatic filter operation. 

3. Absolute elimination of leaks and unknown losses at filter station. 

3. Complete change from the most unsightly and objectionable station to a clean 
ly presentable station. 

4. Large reduction in filter area, 

5, Lurge reduction in space required for filter station. 

6, Entire elimination of filter-cloth troubles and frequent washing and renewals; 
when а punched-plate filter medium is used, no treatment is required from beginning 
to end of grinding season, and the estimated life of the medium is 4 years. 

7. Minimum possible loss of sucrose in filter cake, 

8. Large reduction in labor requirements. 

9. Minimum dilution of juice owing to consistent low wash-water consumption- 
"This results in decreased fuel requirements and in increased capacity of evaporators. 

10. Steadily consistent results because the human element is largely obviated. 

11. Rapid, efficient filtration with practical elimination of inversion losses aud 
maintenance of best possible puriti 

12. Practical elimination of overtaxing the filters by increasing the milling capacity 
without providing additional filters. Vacuum filters can be speeded up to в certain 
point to provide for increased capacity with small loss in efücieney, but the time required 
for washing the filter cake cannot be eliminated or reduced as with plate-and-frame 
filters, nor is it advantageous to native labor to forget the washing, or otherwise mis- 
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treat the filter station and convenience in running sugar juice to waste is entirely 
tevented. 


Food Products, In the field of food production nearly every important 
product undergoes filtration at some stage. Important instances are starch 
and corn syrup derived from conversion of corn, Another field isin the manu- 
айшә ОЁ beer and wine, while the fruit juice, soft- рше. 

ink, and vinegar industri supply шап; outle “ы 

Applications. Starch is handled on rotary disk filters, 
And corn syrup finds the vaeuum precoat filter useful. 
The liquids in the varied beverage industries are 
Usually handled to best advantage by some type of 
Dressure-flter unit with or without use of filter aid 
(Fig. 24). 

Caustic Soda, After thickening, the calcium 
carbonate, precipitated in the manufacture of caustic 
Soda by the lime-soda ash process, is generally de- 
Watered and washed on vacuum filt 

This precipitate filters quite readily from a feed 
moisture of 50 to 70 per cent moisture to a cake con- 
taining from 30 to 40 per cent moisture. Сара 
ranges from 500 to 1200 Ib. per sq. ft. per 24 hr. 
the vacuum requirements correspond to about 6 cu 
1t. of free air per minute per square foot of filtration 
area, 

Metallic filter mediums are used. Iron and steel 
must be used for the filter proper. 

Phosphoric Acid. A precipitate of anhydrous 
calcium sulfate ia formed in the manufacture of 
Phosphoric acid by digesting phosphate rock with 
sulfuric. acid. ‘The filtration and washing of this 
precipitate on vacuum filters at 150° to 165°F. require 
the use of special corrosion-resisting materials for the 
filtration mediums and for the filter proper when 
handling 20° to 35°Bé. acid. Nitrated cotton cloth 
and KAs metal cloth have been used as filter mediums. 
Cast lead, rubber-covered steel, and KAs metal һауе 
been found satisfactory for filter construction. When 
handling up to 20°Вё. acid, filter construction of wood, 
with lead, rubber, or КАз fittings, and wool cloth has 
been found satisfactory. 

The precipitate filters readily from a mojsture соп- 
tent of 65 per cent in the filter feed to a cake moisture 
of 30 to 35 per cent. Capacity ranges from 2000 to Fro. 24.—Oliver pressure 
4000 Ib. dry CaSO, per square foot. filter, 

Pigments. Lithopone is a fine white pigment of about 70 per cent barium 
sulfate and 30 per cent zino sulfide, simultaneously precipitated by mixing 
solutions of barium sulfide and sinc sulfate. Vacuum filters are used for 
dewatering the thickened raw lithopone and the finished lithopone after 
calcination and grinding, 

Lithopone is representative of the group of chemically precipitated mineral 
pigments. It filters slowly, is extremely finely divided, and must be filtered 
in the form of a very thin cake. 


Feed вора 
connection 
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‘The thickened feed generally enters the vacuum filter at 50 to 70 per cent 
moisture and is discharged at 35 to 50 per cent moisture; capacity ranges 
from 200 to 400 Ib. per sq. ft. per 24 hr. 

Corrosion-resisting construction must be used, particularly in the filtration 
of the raw lithopone. Approved materials of construction are wood, monel 
metal, aluminum-zine alloys, and rubber-covered iron and steel. 

Precipitated barium sulfate, white lead and titanium-base pig- 


ments display similar filtration characteristics to lithopone. 

Power Used on Filters. Vacuum-filter operation requires a vacuum 
pump which is the chief consumer of power. The pump size varies widely 
with the porosity of the cake formed on the filter and will range from about Yé 
cu. ft, pump displacement per square foot of filter area for dense cakes of 
slowly filterable pulps up to as high as 40 to 60 cu. ft. per sq. ft. for crystalline 
materials. Vacuum-gage readings are nearly always found at inverse ratio 
with the volume of the pump displacement, which avoids excessive power costs 
for high displacement. 

“рг; uum pumps (piston type) are preferred, although rotary-vaeuum 
pumps are used in some special cases. 

No concise table for such power consumptions can be compiled, the experi- 
ence of the filter manufacturer being the safest criterion for the choice of 
pump. 

Rotation of the filter itself consumes very little power, the larger size rotary 
vacuum-drum filters not requiring more than about 0.005 h.p. per sq. ft. filter 
urea, while the filtrate pumps are chosen for volume of filtrate handled and the 
net pumping head. 

Pressure filters may be operated by gravity head on the filter-feed line, or 
by centrifugal pumps whose size depends on the volume to be handled in a 
given time; and power depends upon volume handled, size of filter, and operat- 
ing range of pressure required. 

Unit Costs. The continuous-rotary-vacuum-filter costs vary widely with 
the kind and the amount of feed handled. While consistent figures over 
long periods with the rotary-vacuum filter have, in а given case, shown very 
low costs (80.025 per dry ton of filter cake), it is likely that most continuous 
vacuum filters will have cost figures ranging from $0.05 to $0.15 per ton, 
dependent on the tonnage handled and the material itself, 

In general, a dense feed to the filter, an absence of pasty or colloidal solids 
in the feed, and an increase of pulp temperatures serve to increase the filtering 
rates and to lower the unit filtering costs, while the converse increases (hem. 

Filtering costs should include only those operations directly porta 
this step; some plants include other operations therein which explains somi 
surprisingly high “filtering costs" in otherwise well-supervised plants. 

If the "fixed-charges" burden is included in the cost item, the amount 
due to that should be separately indicated. 

‘The cost of pressure filtration varies widely with the materials handled, 
end as such installations are usually small, compared with continuous vacuum 
filters, the costs are consequently higher, but the difficult kind of work per- 
formed justifies the higher operating costs in most eases. 

Floor Space Available. The floor space available affects the choice of 
type of filter in some cases. For example, if a large filter area is required to 
handle the product, and the floor space available is restricted, there is at once 
an advantage in the disk type of vacuum filter, other factors being approxi- 
mately equal. The saving in building costs and heating expense is often а 
zonsiderable factor. 
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Plate-and-frame presses occupy less floor space than shell-type pressure 
filters for the same filter area,  Shell-type filters require more room for open- 
ing and closing but, if large units are employed, space may ђе economized by 
installing the twin-type units. 

‚ Cost of Equipment. Prices on filters vary so widely, depending upon 
Size, type of filter, and material of construction, it is impractical to set 
а unit price common to all such varieties 

Tn the case of continuous rotary vacuum filters, а typical price per square 

foot of filter area (not including wash apparatus or accessories), would, 


Table 1. Range of Filter Sizes 


Oliver 


lft. diam. X 1-00. face 
3ft. diam. X Gin. face to 4-ft. face 
diam. X 2-ft. face to 0-ft. face. 
various їп, diam, X 4-06. fac 
diam. x 146. fi 
diam. X 6-10. face to 
t, diam, X 10-ft. face to 
diam. X 14-10. face to 


610-790 


rican 
diam, X 1 disk to. 4 disk 86 

dium, X 1 disk to 0 disk 50- 300 

j. 6-in, diam. X 2 disk to 10 disk 185- 925 
in. diam, X 5 disk to 12 disk 1000-2400 


‘Sweetland 


No, 900 


Dorreo 
а diam, X » face width. 
Sfi diam, face 
Sft. diam, {асе 


. face width 
лсо width 
. face width. 006-788 


10-ft. diam. 
12-ft. diam, 
14ft, diam, X 


XXXX 


16-6. to 


the ense of a plain dewatering type, be about $16 to $18 per sq. ft. filter area 
in the smaller sizes, and about $10 to $12 per sq. ft. in the larger sizes. 

For the special designs required in the wood-construction filters for acid- 
Yesisting use, and those built for work with ca aterial, the smaller 
Sizes cost about $30 to $40 per sq. ft. filter area, and the larger sizes about $20 
ber ва. ft. filter area. These prices are suitable for rough preliminary estima- 
tions only. 

Cost. of accessory vacuum equipment, pumps, ete., for vacuum-filter instal- 
lations will range around 25 to 33 per cent of the filter cost, additional. 
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АП costs mentioned herein are on the basis of quotation f.o.b. point of 
manufacture. 


Table2. Factors Affecting Selection of Type of Filter and Character 
of Pulps Handled 


"Type of 
] fiter suitable 
4 nie | 
| | зове | Apron. ег ou 
"Typical materials Character. vacuum | copnety Ib, рег | [| со; 
| rib. | “suet. per day” Plat ar: 
; | pressure Ml EE 
frame УР 
Cyanide slime | Finely ground quarts ores | 18-25 in, | 400- 2000 
Flotation eoncenirates..| Minerala, finely ground,- | 18-25 1 400- 1800 
Gravity concentrates | Metallic зай morametallic | 2- 6 in. | 10000-70000 
and nd. | 
Cement slurry. | 1625 in. 400- 2,000 | x 
and shale, or clay, ete. | ee 
Pulp and paper Free-fltertag кте 6-20 in. | 200-1200 and 134 | 


| 20 gal. water pe 
за. per min. 

ЯМЕ 

» |36 7400 gal per sa| 


Crystals, salt, ete. Granular, crystalline _ | 2- 61 
Gane-sugar-liquor earifi-| Syrups and solution with | 40-50 Ib. 


йо beverages, ete О of wis 1t, per day 

with Bee aud | > 

Pigments........ Smeary, sticky, finely di- | 20-27 in. | 200- 500 ] | х 

talline | 40-50 1b. | Batch operation | X n 

Sewage sludge. and slimy 22-24 in. 25 to 250 x 
Varnish. | Cloudy viscous liquid, filter| 15-1 


61b. | 5 gal- per sq.ft- por] X 
aid used for clarification. Аа 


Filtered hot | 

Mineral oils, with or | Removal of bleaching clay |502, max. 3-30 gal, per oq. ft, |х 

without wax. | from petroleum products. | pressure | per br. (lubricating | ^ | 
| Thos day uscd — | | Ба) | 
| | 25-15 gal, per sq, t. 

| per hr. (gasoline) 8 
Cone md. Vegetable fiber and cane | БҮ 
| ice | 


Corrosion, When handling corrosive material, vacuum filters nre more 
affected than other types because there are more parts exposed and the 
passage of air through the filter increases oxidation and corrosion. Pressure 
filters are not exposed to the same extent and because of simplicity lend them- 
selves more readily to corrosion-resisting construction. 

‘The use of special alloys, however, makes it possible to construct filters to 
suit given conditions of corrosion. 


Filter Auxiliaries 


Pressure Pumps. For supplying feed to pressure filters, centrifugal and 
plunger pumps and, sometimes, hydrostatic head pumps аге used. Montejus, 
ог pressure tanks, are used in special cas 

Open-impeller centrifugal pumps are recommended where it is desired to 
start filtration with low pressure and to increase the pressure as the cake 
thickness increases. 
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Plunger pumps deliver feed at a regular rate depending upon the pump 
displacement. They give high initial pressure which may be maintained 
throughout the cycle. 

Montejus were largely used in the early days of pressure filtration. А 
monteju is a pressure tank which may be filled with the filter feed, after which 
compressed air is admitted at the top and forces the feed through an outlet 
pipe leading to the pressure filter. Montejus are installed in pairs so that 
the feed can be supplied steadily, one being filled while the other is being 
emptied. 

Vacuum Pumps. There are two classes of vacuum pumps, wet and dry. 
"The former handle both the filtrate and the entrained air while the latter 
handle the nir only. Wet vacuum pumps are usually of the rotary type of 
which the Nash Hytor and Connersville eycloidal are exampl 

The Nash pump (Fig. 25) is well adapted for handling large volumes of 
air with considerable liquid at a moderate vacuum (16 in. Hg) and is much 
used in the pulp-and-paper industry where this type of service is required. 

‘The Connersville cycloidal type handles large volumes of air at low vacuum 
(2 to 6 in. Hg) with entrained liquid at lower power consumption. This type 
pump is particularly useful when filtering granular or crystalline products 

Inlet port 


Nash vacuum pump (dis- 
mantled). 


such as salt, and the air is either heated or is at normal temperature. These 
pumps are also used when both air and filtrate are handled together. 

cuum pumps аге available in both reciprocating and rotary types; 
the designs of each are well standardized and there are many excellent ones 
to choose from. 

Receivers or Separators. When the filtrate and sir from a vacuum filter 
Are discharged separately, a receiver or separator is used consisting of à 
cylindrical tank usually installed with its long axis vertical (Fig. 26a). The 
incoming filtrate and air enter at the side, air is withdrawn through the 
Vacuum line at the top, and filtrate drains away or is pumped out through a 
connection at the bottom. 

Moisture Traps and Condensers. Ifa dry vacuum pump is used, it is 
necessary to install a moisture trap or condenser (Fig. 26b), the purpose being 
to prevent filtrate or condensed moisture from entering the pump. A mois- 
ture trap suffices when filtering at normal temperatures, but в condenser 
is necessary to maintain the vacuum-pump efficiency when operating at 
temperatures approaching the flash point of the filtrate at the vacuum 
employed. 

А trap is merely а small receiver, and a condenser is similar but is equipped 
with cold-water showers and baffles. The installation may be made at a 
height allowing at least 30 ft. vertical between the bottom of the trap or 
condenser and the seal pit in which the discharge drain pipe terminates 
(Figs. 25 a and 5). If preferred, the outlet of the drain pipe may be connected 
to the suction of the filtrate pump. 
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Filtrate Pumps. 
impeller type. 


MECHANICAL SEPARATIONS 


These pumps are usually centrifugals of the closed- 
‘They pump filtrate from the receiver and discharge it 


Moisture trop -x| 
| 


« Oliver vacuum 
ul filter 


Barometric kg f|. 
8 
т 
Vacuum „ 
receiver | и filtrate 
| discharge 3 
f en 
FI 
Oliver centrifugal" "ELT. sarometric sealtank 
filtrate pump 


Fr 


uum filtration unit. (Oliver United Filters, Inc.) 


Moisture 


„Oliver vacuum filter 


_- Blow con- 
nection 


^ Discharge 
scraper 


и Dry 
Vacuum receivers? Vacuum 
PUMP, 
Wash filfrafe--— d 4 
discharge 1 = 
isl е) 
Oliver centrifugal =. "LEE -Barometric seal tank 


filtrate pumps ‘end view of vacuum pump 


showing necessary connections 
When exhausting above pump 


Fia, 265.—Vacuum filtration unit. (Oliver United Filters, Inc.) 


at the desired height. They should be sp 


called upon to handle both water and air und 
against positive hydraulic heads. The man 


ially designed, since they are 
vacuum and usually discharge 
turer of the filter equipment 
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Should always be consulted as to the design of pump best suited to the equip- 
ment involved. 

, Barometric Legs. Where the product is freo filtering and the amount of 
liquid to be removed is large, the use of vacuum pumps may be avoided by 
discharging the filtrate through a barometric leg. This consists of a vertical 
Pipe which discharges into a seal box, the overflow from which goes to waste. 
The length of vertical discharge should equal the height of the water-barom- 
ter, and if а vacuum pump is employed to handle the у. 

^ir from the filter there no danger of water being 
drawn into the system. 

The vacuum created depends upon the velocity of 
the water in the pipe, therefore the pipe diameter and 
the height must be adjusted to give the filtrate sufficient 
Velocity to draw out the entrained air, thus creating а 
Vacuum at the filter. The leg should be as nearly 
Yertical as possible. 

Tn pulp and paper mills many filter installations 
Operate with barometric discharge of the filtrate. Itis 
he simplest way to handle filtrate and air collectively Fre. 27.— Air-injeote* 
‘nd avoid installation and operating expense of vacuum blower, (New Jer. 
and filtrate pumps; usually 10 to 20 іп. vacuum is ob- Meter Co.) 
tained by this method. 

Blowers. Most materials when handled by vacuum filters require an 
ñir blast to assist the discharge of the ‘The volume of air used is small, 
and usually a low pressure is sufficient. Where compressed-air service ia 
Not available a small air compressor, or a rotary blower, may be employed. 
Air compressors, if used, are of the ordinary displacement pump types, but 
rotary blowers are best suited for pressures under 8 Ib. per ва. in. 

‘The disk type of filter requires only a few ounces pressure and an air-injector 

lower will give th g. 27). 

The pulsating air blow used for the Dorrco filter merely requires a rotating 
valve in the air line to produce nir pulsations under the filter medium. 

‘The function of an air blow is quickly to fill the section with air at sufficient 
Pressure to flex the cloth, and to issue through the pores of cloth, thereby 
dislodging the cake and freeing the fine 
Particles which might otherwise remain Papper 
and cause cloth blinding, 

Flappers. А flapper is an appliance “egoer bar-—-}. =~ 
Used with the external-drum type of 
Vactum filter to reduce the саке mois дуе 
ure (Fig. 28). It is installed above, дак area, 


and parallel to, the drum axis and con- 
fists of a shaft to which are attached Fite. NE 7 oF 
two pieces of heavy fabric of such length “са rotation of orum 


that they strike the cake a regular po Happen” (bw быз 
Succession of blows when the shaft is Fiere, Ine) 

rotated. The blows cause a rearrange- 

ment of particles in the cake, closing the cracks and liberating moisture which 
is then drawn through into the yacuum system. 

To prevent the cake from being dislodged by the blows of the flapper, a 
piece of heavy fabric is fastened so that it drags upon the cake as the drum 
revolves and receives the blows given by the flapper. The flapper reduces the 
moisture from two to four units which may be 10 to 20 per cent of that in the 
unflapped cake. 
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Compression Belts. A cake-compression belt is an endless belt which 
rides over a system of rollers mounted in a frame above the drum of an exter- 
nal-drum type of vacuum filter. The belt comes in contact with the cake at a 
point on the ascending side of the drum and leaves at the descending side 
above the cake discharge. It is driven by с 
tact with the cake, and lateral adjustment is 
provided by a tracking roller. The belt may be 
either porous or impervious depending upon the 
material being handled. Weighted rolls riding 
on the belt in contact with the cake enable 
mechanical pressures to be applied. 

‘The use of this appliance tends to close eracks 
in the cake, and in some instances the belt may 
be applied soon enough to prevent their forma- 
tion. "This reduces the amount of air drawn 
through the cake and reduces the vacuum-pump 
displacement. Moisture is reduced since all the 
air is drawn through the cake and cannot short- 
circuit through cracks. Pressure from the rolls 
expels additional moisture. This arrangement is useful when handling pig- 
ments and other finely divided materials. 

Compression Rolls. Compression rolls without belts are used for reduc- 
ing the moisture in erude bicarbonate of soda, paper pulp, ete, (Fig. 29). 
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Fra. 29.—Compression rolls. 


Filter Operation 

In operating pressure filters, the process is intermittent and the product 
obtained from each eycle when compared with that previously obtained indi- 
cates whether there has been a change of conditions, During the cycle, 
however, the operator should control the feed pressure, note the clarity and 
quantity of the filtrate issuing, and any other factors that influence the 
particular problem. 

In vacuum filtration there are advantages in that the controlling factors 
are visible and accessible at all times. The feed is in an open container, 
and cake thickness can be controlled by regulating the submergence, vacuum, 
and speed of rotation of the drum or disk. 

"The operating cycle should have been determined by preliminary tests, 
and, during actual filter operation, changes and adjustments may be made 
in speed of rotation, submergence, cake-forming vacuum, and agitator speed, 
to obtain the thickness of cake which will wash and dry in the remainder of 
the cycle. Further adjustments may be made in the proportion of time 
allotted to cake forming, washing, and drying. 

Саке discharge is usually assisted by an air blast which should be regulated 
to give a slight inflation of the cloth. The volume of air used for this purpose 
is the essential factor. It is only necessary completely to fill the sector with 
air to inflate the cloth and to effect the discharge of the епке, Air pressure is 
asecondary matter. Generally, the automatic valve should be set во that the 
air blast occurs as the leading edge of the section comes in contact with the 
scraper at the point of discharge. The filter medium should be maintained in 
а clean condition at all times, and this is possible only Бу acomplete removal 
of саке at each revolution. If the material being filtered tends to blind the 
medium, it will be necessary to wash it at regular intervals to maintain capac- 
ity. Experience in operating а filter upon a specific problem is the best guide- 


MISCELLANEOUS METHODS ОЕ SIZING AND 
CONCENTRATION OF MATERIALS 


SCREENING 


By Kenneth Н. Donaldson 
DEFINITIONS 


Screening, or screen sizing, is the separation of a mixture of various sizes 
91 grains into two or more portions, by means of a screen; the grains of any 
Опе portion being of a more uniform size than those of the original mixture. 

Dry screening refers to a process where the material handled on the screen 
Contains a natural amount of moisture or where the natural moisture has been 
removed by drying before screening. 

Wet screening refers to a screening process where water is added to the 
тыме! before if is delivered to the sereen or after it reaches the sereen, or 
both. 

Mesh, In the coarser sixes of screens the term mesh means either the 
distance between adjacent wires or rods or the distance between centers of 
Adjacent wires ог rods. In the finer sizes of screens the mesh means the num- 
ber of openings per linear inch. Where square openings are not used the 
screen size is frequently designated by num be: 

Oversize and Undersize. Where the separation is such that only two 
Products are made, the material which fails to pass through the screen is called 
the oversize or plus material; that which passes through the screen openings is 
called the undersize or minus material. 

Close Sizing. When the limiting and retaining screens 
Same size of opening then close sizing is said to be practiced. 

Sieve Scale. In a special sizing operation, the list of apertures of succes- 
"ively smaller screens is said to constitute a sieve scale, 

Clear Area. Тһе clear urea of a screen is the combined area of all of the 
Openings presented and the ratio of the clear area to the total screen surface 
designated as percentage of opening. 

Aperture or Screen Size. Aperture or screen size is defined as the 
minimum clear space between the edges of the opening in the screen, The 


Table 1. Needle Mesh* 


are of nearly the 


| 
Largest 
Needle | diameter| 


number | of bead, Equivalent screen 


1 0.0735 | 10 mesh. 

2 | 0.0428 | 16 mesh; No. 

3 0.0395 | 16-18 mes! У A slot 

4 9.0355 -24 mesh; No. 4-No. 5 slot (nearer the last) 
5 0.0335 | 20-24 mesh; No. 4-No. 5 slot (nearer the last) 
6 0.0300 | 24 mesh; x 

7 | 0.0265 | 24-26 mesh 

8 0.0230 

9 0.0203 


У From Taggurt, "Hand Book of Ore Dressing," p. 506, Wiley, New York, 1927. 
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aperture A, mesh M, and wire diameter D are interrelated by the following 
equation in which P is the percentage of opening: 


ELI 
ПА + 


Needle Mesh. Needle пи 


P = (1 > мр 


h is a number indicating the size of needle 
which is of the same diameter as that of the opening. Table 1 gives the 
diameter of opening in inches and the mesh of sereen corresponding with the 
first nine needle numbers. This term is, however, not customarily used in 
chemical engineering work. 

Multiple Screening. Where more than two sizes are made, the product 
may be referred to ns oversize; first, second, and third intermediate, etc. 
and undersize; or the product may be referred to as oversize and then the 
various grades expressed in terms according to the openings employed i 


making the separations as for example: 
Oversize, 14 in. +M in - Yin. 
Through, 34 in. on Jf in. = ~4 in. + lin. = М X Jj in. 
Through, 15 in. on Jig in. = —}g in. + Изм. = 36 in. X Mg in. 


Undersize == еї 


Screen Efficiency. The efficiency of screens may be considered from two 
standpoints: 

1. The percentage of the undersize in the feed to the screen (as determined 
by testing sieves) which is found in the undersize of the screening operation. 
This is the important consideration where it is desirable to separate as large 
a percentage as possible of the undersize in the feed to the sereen. 

2. The percentage of the oversize of the feed to the screen (as determined 
by testing sieves) which is found in the oversize as produced by the = 
operation. This is the important consideration when it is desired to make an 
oversize containing ав little undersize as possible. 

Screening efficiency is affected by the rate of feed. The higher the feod 
rate the less efficiency, and vice versa. If the material being screene: 
slightly moist, the efficiency is greatly lowered; if the feed material contains 
relatively large amounts of oversize or of difficult grains, close to the size 
of the mesh openings, the efficiency is also lowered, 

It would seem fairer to calculate the screen efficiency by two methods. 

The first method might be called plant screen efficiency and the second 
method, theoretical efficiency of screen, 

То determine the plant screen efficiency, the material tobe tested should 
be taken to the test sieves directly and in the same condition as it exists in 
the plant. То determine the theoretical efficieney of the в the sample 
to be tested should be washed through the finest sieve to be used in the test. 
‘The oversize from this washing should be dried and then screened through the 
various test sieves including the one the sample was washed through, ав the 
dried sample may contain a considerable amount of material which will pass 
through the screen used for washing. 

Under certain conditio mpossible to wash the material through the 
sereen owing to some physical or chemical changes which may take place when 
water is added to the material, 

Screening efficiency may be determined by sieve analysis without taking 
any tonnage samples with probably as great accuracy as if tonnage samples 
were taken, 
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From the standpoint of undersize the screen efficiency is given in the formula 


Per cent efficiency = E 
true undersize 


е as obtained in the plant, and true 


Where actual undersize means undei 
Undersize is the undersize as determined by test-sieve analysis. 

From the standpoint of oversize the screen efficiency is given by the formula 

е oversize X 100 
actual oversize 
Where true oversize means oversize as determined by test-sieve analysis, and 
Actual oversize means oversize as obtained in the plant. 

"The W. S. Tyler Company gives the following formula for screen effi 
fractional recovery of fines in screening. 
percentage of fines recovered in screening. 
percentage of coarse in feed to s 
ercentage of fines in feed to screen. 
percentage of conrse in oversize after screening. 

100(c — а) 
(be) 


Per cent efficiency 


епсу: 


100(c — 
тоок = 199€ — 9 хо 
be 
_ Certain other formulas for the derivation of screen efficiency are used. 

Taggart, in his “Handbook of Ore Dressing,” suggests the formul; 

100(u — о) 
| «(100 — 0) 
су of screen, м is the percentage of undersize 
in the feed, and o is the percentage of undersize їп the sereen oversize. Wiard 
States that the average commercial efficie of screening is about 60 per cent 
and that 75 per cent is unusually good, and 90 per cent about the limit that 
may be reached by careful hand screening. Taggart’s handbook also gives 
the following formula derived by Warner 

u(f — o) 

_ ји = 0) 

Where f, u, and o are the percentages of “difficult grain’ in the feed, the undersize 
and the oversize, respectively. Difficult grains are defined by Warner as those 
particles which are held on the next finer Tyler standard sieve scale, the aper- 
tures of which are less than 83 per cent of the aperture of the sieve in questio 

Screen Capacity. Leading manufacturers of screening equipment state 
that it hus never proved possible to develop reliable capacity tables or for- 
mulas. Capacity and efficiency in screening operations are closely related. 
If а low efficiency is not objectionable, the capacity may be large. Usually 
аз the tonnage of the feed to the screen is increased, the efficiency is decreased. 

A formula having somewhat wider applicability is given by Newton 
[Rock Products, 35, 26 (1932)] as follows 


пој 


Where Æ is equal to the efficie 


(о — b)(u — а) 
она —a — b) 
Where Ё = screen efficiency (вз & decimal). 
о = per cent oversize in feed (as a decimal). 
ч = per cent undersize in feed (as в decimal). 
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per cent undersize in tailings (as a decimal). 
per cent oversize in fines (as а decimal). 

In this case, “oversize” is material larger than the screen cloth opening. 
undersize” is material smaller, “tailings” is that which passes over the 
screen, and “fines” із that material which passes through the screen cloth. 

With в constant 
efficiency desired the 
following factors 
affect the capacity of 
the sereen: 

1. The ability of 
the screening device 
to prevent ‘‘blinding” 
of the screen surface 
is probably the most 


important single fac- 00300 Opening, 0.0300 Opening, 


tor in the capacity of : 
theseren. By blind — М Mesh, 0.041 Wire 20 Mesh, 0.020 Wire 


ing is meant the fact 
that grains, or masses 
of grains which adhere 
together, will not pass 
through the opening 
but ‘wedge in it thus 
reducing the open 
area available for 
passing fines. The 
vibration of the screen 


cloth undoubtedly re- 0.0505 Opening, 10.0305 Opening, 
duces the blinding to 16 Mesh, 0.032 Wire 22 Mesh, 0.015 Wire 
a minimum. 

2. In "dry" screen- 
ing, the greater the 
amount of moisture in 
any particular mate- 
rial the lower the ca- 
pacity of the screens ES 
but. the finer the ma- 
terial the more mois- CHE 
ture it may carry "BE 
owing to the greater 0.0506. Opening, 0.0507 Opening; 
surface exposed, with- 18 Mesh, 0025 Wire 24 Mesh, 0011 Wire 
out materially lower- pya, 1. Diagram showing effect of wire size in per cent of 
ing the capacity. pen ard. 

3, The greater the 
amount of "near-mesh" size the lower the capacity of the screen. For 
example, if the size of the opening is 24 in. and there is а large proporti 
of 3(g-in. grains in the material to be screened, the capacity will be muc 
lower than if most of the material is finer than 149 in. in size. 

4. The finer the screen used the lower the capacity 

5, The percentage which the open area is of the total area has an important 
bearing on the capacity of the screen. 

Figure 1 shows six screens with the seme opening but different sizes of wire. 
The top screen has 14 meshes to the linear inch, while the bottom screen has 
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Table 2. 
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Range in 
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pee 


0,283 -0,063 
0:263 -0.047 


0:225 -0.041 


Sine of openi 


Opening, 
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24 meshes to the linear inch; therefore the screen with the coarser wire has 
less than 40 per cent of the open area of the screen with the finer wire, and the 
capacity of the screen with the coarser wire will be less than 40 per cent of 
that with the finer wire. 

It must be remembered that the life of the screen with the finer wire 18 
much less than where 4 heavier wire is used. If the material to be screened 
contains a large amount of abrasive, it may not be practical to use a scree? 
with a fine wire; while, if the material is damp and sticky, the life of the screen 
may be of only secondary importance. 

Table 2 shows the largest and smallest diameter of rod or wire Тог some of 
the various woven screens manufactured by the ҮҮ. 5. Tyler Co., Cleveland: 
Ohio. (See catalogue for the intermediate sizes of screens as well as rods от 
wires) See Fig. 1. 
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Woven Wire Screens. Woven wire screens may have a square oponing 
as shown in Table 2 ог may have a rectangular opening, ‘The various sizes 
of screóns with rectangular openings are frequently designated by numbers 
rather than by mesh. 

For shaking and vibrating screens, the rectangular opening has considerable 
advantage over the square mesh in that the percentage of open area is larger 
and that grains which should just ра 
through the sereen cannot touch more 
than three sides and many will not 
touch more than two sides of the open- 
ing; while, with the square mesh, these 
grains are almost sure to touch thre 
sides and may touch four sides ‘of the 
opening. The screen with а rectan 


Screen Opening or ParticleDiam.in In, 


gular opening does not tend to blind to Є 
the same extent as do square-mesh 5 
screens 

Square-mesh woven wire sereens are 
obtainable in a variety of metals and 
alloys such as steel, brass, bronze, 


copper, nickel, monel metal, and stain- 
less stoel. Steel resists abrasion and 
attrition to the greatest extent, and 
the other materials should be used only Fe. 
when their corrosion-resisting qualities 

are of relatively greater importance than their mechanical strongth and 
durability 


еп Opening or Particle Diam. inn. 


reon opening and mesh for 
testing sieves, Tyler seri 


prefers the designation of wire sizes БУ 
number, showing the in decimal parts of an inch, there are а 
number of different, wire-gage numbers used by different manufacturers 
On p. 110 are tabulated a series of wire-gage numbers and their equivalents 
in decimal parts of an inch according to the standards of various manu- 
facturers and countries. 

Punched MetalPlates. Punched metal plates were formerly used quite 
extensively even in the finer sizes of openings for stationary screens and trom- 
mels, but the finer sizes have been largely replaced by woven wire screens for 
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DT - - i: 

mels and in many eases for stationary screens where the slope of the 

ren will permis their use. 

of Paa been shown that a square hole in a wire screen will pass particles 
the same size as а cireular-hole punched plate, the diameter of which is 1.23 


Table 3. Punching Steel Plates*} 
‘Diameter of hole TS Standard 


| Decimal of an = = Weight per 
и No. | Thickness, In eight p 
0.0752) 26 | 0.08 
0.0537 | 24 | 0025 
ЕЯ || a 0.031 
5 | 5 
"ew 204 
к n 
M | 
2 | 2:55 
En 25 
3 | | 255 
we | | 255 
3 | 3.187 
и | 3:187 
34 | 3.187 
за | 4:46 
| 4:46 
4 | 4:46 
| 3.737 
ме $m 
$13 
5.797 
5:737 
x | 7.012 
7012 
765 
76 
|. 26 
8 76 
9 7.65 
% | 7.65 
10 | i | 10.2 
1 | й 10.2 
и 1 10:2 
n | ronde 10.2 
4 | Н 10.2 
в | En 10:2 
а i | 10:2 
15 | и | 10.2 
1944 и | 102 
% [з-й 10.2 
9 hae ie 10,2 
M Tv Mr 102 
| + | 10.2 
4 ПЕ | 02 
1 inier t pm ener 


+ АШ» Chalmers бо. Bull, 

This table gives the greatest thickness of steel in which it is advisable to punch round or square bolea 
Of given diameters or sises. Spacing, strain upon the plat ar of dies, and other considerations dete 
mine what is advisable. While the table is offered as a convenient guide in ordering, thinner plates will 
Really answer every requirement and cost 1 


times the length of а side of а square hole. ‘The advantages of a punched 
blate may be summarized as strength, long life, and ruggedness, while the 
disadvantages are chiefly great weight per unit of area and difficulty of han- 
dling, Punched-plate screens are chiefly used in metal- and coal-mining 
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operations, crushed-stone and gravel sizing, and so forth, where the openings 
вте 1$ in. in diameter and greater. Woven wire screens are preferred where 
the opening is less than 34 in. and finer. 

Bolting Cloth. Bolting cloth is useful in the dry screening of paints, 
pigments, ceramic materials, and chemical precipitates of relatively fine size- 
‘Table 4 shows the sizes of apertures in bolting cloth, the corresponding meshes 
per inch, and the percentage of opening. 
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Table 4. Sizes of Apertures in Dufour's Bolting Cloth* 


Maker’ Meshes perin. | Aperture, In, Bereen area, % 

0000 | 0.0478 74.03 
00 0.0342 6187 
00 0.0282 66.40 
0 0,0204 60:09 

1 0:015 58:25 

2 0:0131 50.04 
3 0.0124 31:72 
1 0016 51:72 
5 0.0107 49:87 
6 0.0096 50.46 
2 | 0.0082 35:21 
8 0.0072 38.34 
9 0.0068 3:51 
10 0.0058 39:97 
11 0 0052 36:38 
12 | 0.0049 36.00 
5 | 0.0045 33.70 
4 0.0039 29:39 
15 0.0036 2.17 
16 | | 0.0035 30.20 
7 | 0.0031 25:53 
18 | | 0.0028 | 21,60 
9 0.0029 | 24.02 


| 
* Trans, Am. Inat, Minu 19, 580 (1909-1910). 


INDUSTRIAL SCREENS 
Ву C. P. Cabell 


Screens may be divided into five main classes, grizzlies and stationary 
screens, trommels and reels, shaking screens, vibrating screens, and oscillating 
screens. Grizzlies, trommels, and shaking screens are customarily used for 
separa above about 1 in., but vibrating screens are now competing in 
this field. Reels are used for flour and similar free-flowing materials, but 
capacity and efficiency are considered low. ‘The main interest of the chemical 
engineer is in separations from about 4 mesh to 325 mesh, a field which is 
almost exclusively held by vibrating and oscillating screens. 

Grizzly. А grizzly consists of a set of parallel bars held apart by spacers 
through which rods pass that hold the bars at some predetermined interval. 
Figure 3 shows а typical grizzly and the shape of bar most commonly used 
in its construction. Owing to the wear of the bars they are frequently made 
of manganese steel (12 per cent Mn), A grizzly is frequently used before 
a primary crusher in rock- or ore-crushing plants to remove the fines before 
the ore or rock enters the crusher. 

In Table 5 are shown some of th 


es of grizzlies for sale by manufacturers: 
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One of the chief disadvantages of a grizzly is the tendency of the cross 
pieces to retard the flow of material and to cause clogging of the openings. 
Certain engineers have partially avoided this difficulty by placing the cross 
pieces at a considerable distance from the parallel bars which make up the 
screen surface, 


Table 5. Various Sizes of Grizzlies* 


Sise, ft. | 
ут ет hore ne Openings, in. Welght, tb, 
Width | | 
3 8 1 | 1125 
3 8 4 955 
3 8 ni 865. 
4 | 8 и 1950 
4 8 1 1505 
4 8 ША 1235 
4 10 1 1885 
4 10 1ч 1645 
4 10 ји 1540 
4 10 2 1365 


* From Catalog 1, Allis-Chalmers Со, 


The size of the grizzly depends on the capacity desired. The slope, or 
angle with the horizontal, of the grizzly varies with the type of material 
between 20 and 50 deg. 

Flat grizzlies in which the parallel bars are in a horizontal plane are used 
оп tops of ore and coal bins and under unloading trestles, Inclined grizzlies 
are more generally used, and the slope of these 1 
Varies with the angle of repose of the material and 3 
the velocity at which the material strikes the а 
grisly, In general it may be said that moist 
material requires a greater slope of grizzly bar than 
dry material and that the larger the size of the 
material fed to the grizzly, the greater the slope, 
and vice versa. 

While the simple horizontal or sloping grizzly 
is still the most generally used, a number of im- 
Proved types provided with mechanical features 
are now available and used to а certain extent in 
the metallurgical and mineral aggregate fields. At 
the Copper Queen concentrator of the Phelps- 
Dodge Corporation, a self-cleaning grizzly is 
in which the bars are bent to form one- 
quarter of the circumference of а circle between which heavy metal arms 
attached to a shaft revolve, preventing oversize from clogging between the 
rs. In the moying-bar grizzly, the bars are mounted at one end on eccen- 
tries, these eccentrics being 180 deg. apart for adjacent bars, When the 
eccentric shaft is driven at а speed of about 50 r.p.m., the material is moved 
gently across the screening surface, and a better opportunity is given for fine 
material to pass through to a hopper below. Та the chain type of griazly, а 
series of endless chains passing over sheaves replaces the grizzly bars, Adja- 


> 


3,—Grisaly. 
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cent chains are mounted on sheaves of slightly different diameter, thus tending 
to break up lumps and to prevent blinding of the open area. The traveling- 
bar grizzly consists of а multiplicity of short lengths of bar running trans- 
versely between two slowly moving sprocket chains. ‘The undersize passes 
through the upper run of bars and is diverted into hoppen hutes directly 
under the upper run and directly above the lower, ‘The distinctive featur? 
of the shaking grizzly is the pivoting of the bars on в horizontal shaft at the 
upper end and the rapid raising and lowering of the lower ends of the bars 
by a connecting member actuated by an overhead eccentric. 

Capacity. The capacity of a grizzly varies with the efficie 
the spacing of the bars as well аз its slope. The lower the efficiency desired, 
the greater the distance between bars; and the greater the slope, the 
greater the capacity of the grizzly. 

The Eng. Mining Ј., 117, 307, 1924, is authority for the statement that 
a grizzly in which the bars are spaced to give 1 in. of clear opening may ђе 
expected to handle 100 to 150 tons of material per square foot per 24 hr. 
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LH receiver" 
Fro. &— Trommnels. (Courtesy Allis-Chalmers Manufacturing Company.) 


Stationary Screens. Stationary screens were formerly used quite exten- 
sively but of recent years have not been in such general use due to their low 
efficiency and eapacity and to the head room they require. 

Punched metal plates or woyen wire screens may be used as the screening 
medium. When punched metal plates are used, the slope necessary to carry 
the material across the screen is less than where woven wire screens are used. 
‘The slope of stationary screens varies between 20 and 50 deg. from the hori- 
zontal, depending on the material to be screened. 

‘The advantages of stationary screens are low initial and repair costs, and 
ease and speed of installation. 

‘The disadvantages of stationary screens are low efficiency and capacity 
in the finer sizes of screens, great tendency to blind, and the large amount of 
head room necessary 

Capacity. The capacity of stationary screens is stated to be from 1 to 5 
tons рег ва. ft. per 24 hr. per mm. aperture. Woven wire sereens of th 
stationary type are generally mounted at a steeper angle than stationary 
screens of the punched-plate or bar type. 

Revolving Screens. Simple Trommels. Figure 4 shows a train of trom- 
mels, the feed passing into the upper trommel; the undersize of the first 
passing to the second trommel and the undersize of the second passing to the 
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third trommel; thus four products are made with three trommels: oversize of 
the first; undersize of the first but oversize of the second; undersize of the 
second but oversize of the third; and undersize of the third trommel. 

If only one trommel is used, of course, only two products are made, over- 
size and undersize. 

Trommels are used for both wet and dry screening but have а small capacity 
for the finer sizes, For sizes coarser than 14 in., where high efficiency is not 
a necessity, trommels have been found to be satisfactory. 

The slopes of trommels vary from 34 to 3 in. per ft., the smaller slopes being 
more common. The greater the slope the thinner the bed on the sereen and, 
therefore, the better the chance for the fines to pass through the openings. 

Compound trommels ate trommels in which two or more concentric screening 
surfaces are mounted on the same shaft. The coarsest screening surface is 
the innermost and the finest the outermost, intermediate sizes arranging 
themselves between these two limits. Provision is made for the removal 
separately of the oversize from each screening surface, and arrangements 
аге made go that the undersize of each screen becomes the feed to the screen 
of the next smaller apertu 

Conical trommels have the shape of a truncated cone and are generally 
mounted with their axes horizontal. Since the diameter of the ends of conical 
trommels are different, the inclination of the screening surface permits the 
material to flow through them by gravity without inclination of the axis. 

Prismatic trommels may be of any convenient shape but are generally hexag- 
onal. The screening surface consists of a multiplicity of plain surfaces which 
facilitates the application of screening mediums, particularly if woven wire 
cloth is used, The sides of the prismatic trommel may be parallel elements, in 
which case the unit is mounted with its axis slightly inclined to the horizontal; 
ог the sides may be non-parallel elements of a pyramid, in which case the 
axis is horizontal and gravity flow is obtained аз in the conical trommel. 

‘The maximum revolutions per minute for a trommel according to Simons 
(“Ore Dressing: Principles and Practice," р. 101, McGraw-Hill, New York, 
1924) may be obtained by the formula 


Мах. грош. = 


ге D = diameter of trommel in feet; g = gravitational constant 
1416. 

‘The above formula gives the maximum revolutions per minute of a trommel 
Without resulting in material adhering to the interior screening surface and 
being carried around by it through centrifugal force. This is also the theoreti- 
cal optimum speed for а trommel since capacity increases not only with the 
diameter, slope, and size of aperture, but also with the speed. It may there- 
fore be stated that the efficiency and capacity increase steadily with an 
increase of speed until the point is reached where the screen substance is 
carried through a complete revolution by centrifugal force. 

"Taggart's "Handbook of Ore Dressing” states that the capacity of а 
trommel is 0.6 ton per sq. ft. per 24 hr. per mm. aperture for dry screening and 
1.0 ton for wet screening. Truscott places the capacity for dry screening 
at 0.5 ton per 24 ће, per sq. ft. per mm. aperture. 

Reels are trommels using very fine silk or wire cloth. Many are in use in 
flour mills. "This field has recently been invaded by special types of oscillating 
screens (such as the Allis-Chalmers gyratory sifter and several others), 
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Which are said to offer higher capacity. A stationary vertical sereen with 
interior turbines (Abbe turbo-sifter) is likewise making progress. 

Shaking Screens, Shaking screens and shaking grizzles have been 
used to a considerable extent when it is desired to make а separation and the 
head room available is not sufficient to permit the use of a vibrating screen. 
The shaking motion may be such as to make the material advance across the 
Screening medium when the screen is а а slope of not more than 34 in. per ft. 

Shaking screens give a fairly high efficiency in sizes coarser than 14 in., 
but in the finer sizes the capacity is low if a high efficiency is desired, 

The chief disadvantage of shaking screens is the high cost of maintenance 
both of the screen and of the supporting structure. Shaking screens may be 
used both for screening and for conveying—this being particularly true in the 
unthracite-coal industry where innumerable shaking troughs with perforated 
bottoms are used both for grading the fine anthracite particles and for сопуеу- 
ing them to subsequent treatment steps. 

Shaking screens require from 0.05 to 0.10 h.p. рег ва. ft. screening surface. 
Speeds range from 60 to 400 strokes per minute with an average of about 100 
kes. These screens are generally inclined at an angle of 18 to 20 deg. with 
An average of 14 deg., and the length of stroke ranges from 9 in, to a fraction of 
an inch. А greater number of strokes per minute is generally employed 
Where length of stroke is small and vice versa, Taggart’s “ Handbook of Ore 
Dressing” is authority for the statement that capacity ranges from 2 to 8 
tons per sq. ft, per 24 hr. per mm. aperture. 


Vibrating and Oscillating Screens 


Where large capacity and high efficiency are desired, the use of vibrating 
and oscillating screens is standard practice. The capacity, especially in 
the finer sizes, is 
so much greater 
thun any of the 
other screens 
that they have 
practically re- 
placed all other 
where the 
псу of the 
screen is an im- 
portant factor. 
An advantage of 
these screens. is 
that the vibra- Fio. 5.—The Selectro seree 
tions of the 
screen cloth reduce the blinding effect to a minimum. Care should be 
taken to have sufficient vibration in the coarser sizes. 

Vibrating Screens. А vibrating screen consists essentially of a flat or 
slightly convex soreening surface to which is applied a rapid vibration normal 
or nearly normal to the surface. The vibrating means may be eccentric 
shafts, an unbalanced flywheel, a cam and tappet arrangement, or an electro- 
magnet. "There are a very great number of vibrating screens on the market, 
but they сап be classified as follows: 

Type 1. High-amplitude Normal Vibration, In this type screen a high- 
amplitude (about %4-in.) vibration is applied by a mechanical vibration 
source (eccentric shafts, unbalanced flywheels, or cam and tappet) operating 
at about 1200 to 1800 r.p.e. 
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One of the better known screens employing high-amplitude normal vibra- 
tion is the Selectro, manufactured by the Productive Equipment Corp. 
Chicago (see Fig. 5). Vibration is supplied by a horizontal, adjustable, 
positive eecentri 

"Two popular type 
oreens, the Tyler 
Niagara and the Ty- 
Rock, are made by 
the W. 8. Tyler Со. 
Cleveland, Ohio. 
These are positive 
eccentric machines 
with the amplitude 
of vibration set at 
the factory. Im- 
provements embod- 
ied in the Ty-Rock 
screen are said to 
give it longer life for 
heavy work. Fic. 60.— Tyler Ningara sereen 

‘The type 1 vibrating screen is the only vibrating screen used for heavy work 
{above about l-in. opening). Special heavy-duty screens are available for 
such service. In dry screening in chemical work, they are normally used 
for screening from 1 in. down to about 35 mesh. ‘The screen usually operates 
at an angle of 
about 20 deg., with 
{еей entering at 
the upper end and 
traveling down. 
For operations 
with little hend 
room, low-hend 
screens (Allis- 
Chalmers) and 
screens which 
carry the charge 
uphill (Ajax Flexi- 
ble Coupling Co.) 
are available. 

For wet screen- 
ing the type 1 
screen js very pop- 
ular. А low angle 
(5 to 10 deg.) is Tia. 8b. — Ty-Róck м 
E REPERTA Fra. 6b.—Ty-Rock screen. 
normally enters at the top of screen. However, in many operationsit is found 
desirable to feed the slurry at the lower end of the screen and have (he dried 
material discharge at the top. 

Туре 2. Low-amplitude Normal Vibration. This type is the electric screen. 

А low-amplitude vibration is applied normal to the sereen cloth by electro- | 
magnets at a frequency of 1800 to 7200 vibtations per minute, the low fre- 

quency for coarser screening (8 mesh) and the high for fine screening below 
about 80 mesh. A typical screen is the Hum-mer (see Fig. 6) made by the 
W. 8. Tyler Co. 
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‘These screens are not normally used for screening any coarser than about 
8 mesh. They are, however, used for separations at 100 mesh and finer, 
For such fine work two or more small screens are used in series. 

"Type 2 screens have been very successful in wet screening to remove 1 to 
2 per cent of a slurry. They are not recommended for heavy materiala having 
high separable-solids content. 

Capacity of Vibrating Screens. Table 7 shows the actual tonnage handled in 
various plants per hour per square foot of screening surface using a vibrating 
Screen, 


Test gap by inserting sheet ofpaper Laminated field core 
between armature and field core 
While vibrator is running 


Upper spring housing... 7 Magnet coil 
Upper springs JA Baltlremove To insert shims) 
fus | shims 
MEAE У г "Wearing plate 


Striking plate. “85 


Guide strip\| Armature! f Lower ОУ 
с jc y Spr armature 
oa ame Y афер \ \ spring gm 
КР \ Уомег soring supporting plate 
Vibrator bottom plate 
armature post screen. «thre vibrating strip 


Screen cloth--- 


Vibrating strip lug ^ Mower vibrating strip 


Fro. 7,—Hum-mer sereen, 


‘The figures show the great variations in capacity with different materials 
ан well as, in some cases, similar materials, which is the reason why many 
screen manufacturers do not publish capacity figures. It is to be noted that 
the tonnages in Table 7 are not necessarily the maximum which could be 
handled but are simply the actual tonnages put over a certain screen in plant 
operation. 

Oscillating Screens. This type screen is characterized by low-speed 
(800 to 400 r.p.m.) oscillation in a plane essentially parallel to the sereen cloth. 

Screens in this group are usually used from 14 їп. to 60 mesh. Some light, 
free-flowing materials, however, can be separated at 200 to 300 mesh. Silk 
cloths are often used. 

Туре 1. А sifter is a boxlike machine, with a series of sereen cloths 
nested atop one another. Oscillation, supplied by eccentrics or counter 
weights, is in a circular or near-circular orbit. In some machines a supple- 
mentary whipping action is set up. Most devices of type 1 have an auxiliary 
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vibration caused by balls bouncing against the lower surface of the sereen 
cloth. 

The sifter is а relatively new development which is just entering the 
chemical field. It is used for dry-sereening light materials. ‘Typical machines 
аге made by the Wolfe Co. and the Allis-Chalmers Co. 

Type 2. Riddles. А riddle is а screen driven in an oscillating path by 
mechanism attached to the sole support of the screen, a vertical bar extending 
from the top of the sereen box. 

‘The riddle is the cheapest screen on the market. It is intended normally 
for batch screening, wet or dry. One supplier is the Great Western Manu- 
facturing Co., Leavenworth, Kan. 

Type 3. Reciprocating Screens. This is an important type of screen ior 
chemical work. An eccentric under the screen supplies oscillation, ranging 
from gyratory (about 2-in. diameter) at the feed end to reciprocating motion 
at the discharge. Frequency is 500 to 600 r.p.m., and, since the screen is 
inclined about 5 deg., the зо set пр a secondary high-amplitude normal 


Table 7. Actual Tonnage Handled per Hour per Square Foot of 


Screening Surface Using a Vibrating Screen 
ent 


lene. 
nder-| гу 
Cirea- | 
Wire size per hr. рег lating | Mois- 
== со | З | losd, | tare Remarks, 
surface % 
e = |- 
Cement slurry... ..| 20-mesh ton- 0.6 ton. [100-150] 33% | Installed in closed cirouit with wet 
cap | ball mill, removing —20-mesh 
material from  ballamill dis- 
| charge, fines to tube mill, tailings 
| to ball-mill feed. 


mill discharge, fines to tube mill, 
| tailings to preliminary mill feed 


| | Installed ahead of Fuller-Kinyon 
| pumps or bobbing machines for 


removal of foreign material 


anm va Chemicals Е 
Capacity, tons per hr, per 
жь fe of sereentng 
f surface in Mols- 
Material Vae | Remarks 

Fena | Oversize 

Powdered воар.............| 7 [0.0% | 047 | 0.109] nm depend | varies | Bulky мены 
ing upon weather | 
Trisodium phorphate.......| 20 [0.03200 018 0.069 Oversize, A |... Hard to vercen; 
35 |0.0151/0,0135) .....| Intermediates, 3% therefore low 
| Fines, 14 capacity 
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Table 7. ` Actual Tonnage Handled per Hour per Square Foot of 
Screening Surface Using a Vibrating Screen— (Continued) 
с 


Wire eloth | 
(Capacity, tons | Condi- 
Matertal ] per hr, per aq. | tion тна 


Open- | Wire Tt of sereen- | of ma- 
Mesh | ing, | diam.) T.C. | ing surface | terial 
in | in, | 


0.169 _ | Damp | About 2% of undorsize re- 
mains in the oversize 


0.500 | Damp | 314% oversize: 6449 

| A considerable peroentage 
of undersize remains in 
oversize 


0.525 | Varies | 0.125 ton per hr. aversiso; 
0.4 ton per he. fines. Ap- 
proximately 2% under- 
size in oversize 


| 077 | 0.023] 0.625 [төө | 
paca] 


0,3125 ton per hr. overnize; 
10,3125 ton per hr. fines 


0.650 | Varies 


Oversize 0.25-0.275 ton 
Tr, fines 0375-040" fon 
рег hr, Feed is ooaree, 
Which nocounts for high 
percentage of oversiae 


523 | 0.125 |-......| 0.075 ton 


per hr. tailings 


166 | _ 0.150 | Damp | 80% product over sereon; 

20% produe through 
Screen; 3% undersire re- 
mains in oversixe 


Coal and Coke 


= | Sateen | cupacty, tons] Producia 

Materia Kind ot | Boar а of maecens | —— 
| feed, n: | “ing surface | 9% Over |% Through 

Tipple 3 | 5.0 30 70 
жалы 2 "UN јез 47 [x 35 65 3 
me | 1и 177 50 | E 50 50 ~ 

Dey-clenning| dw | зе | з 70 

plant | А“ 

Ме | | 40 E] 

| Coke plant | 1 2 ДЕ РГТ 40 
x {беры | ој 137 | ка » 
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Actual Tonnage Handled per Hour per Square Foot of 


Screening Surface Using a Vibrating Screen—(Continued) 
Crushed Stone and Limestone 


Wire cloth 


Product, tons per 
screening surface 


Open Remarks 
(Мез ing, 

in. 

134 [36 rod]. underatse 
romaing іа 
oversize 

Crushed stone... à 1017) 
% | 0.027... umderslae 
| remalne Ја 
oversize 
6 | 0.095 0.072) 


Metallic Ores 


Capacity, 


10 | 0.080 


Concentrated iron оге 


"ТУП [5 


5 to 1% under- 
Bie remains 


roveniao 
Non-metallic Ore 
Wire oth ч 
ire cloth Я 
tor perf Mm 
Open-| Wire шешшш за. 


Me | ing, | diam., 


| 10 |0.065 [0.035 


0.051 |0.032 


3 to 5% under- 
gizo ‘remains 
in oversize 


Powdered enamel...... 


6 је 0375 0.025 
0.0198 0.0135| 
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Table 7. Actual Tonnage Handled per Hour per Square Foot of 
Screening Surface Using а Vibrating Screen—(Concluded) 
Sand and Gravel 


Wire cloth | Product tons per 
Capacity, | hr. per sq. ft, of 
[tons per br) screening surface | Mois- 


Matertal оке] ты Cd Moi] Remarks 
Mesh | FE | Ton. [втш —— — — 
de ар. | mri | Over | as 
Зац... ааа Ив 0,445] 1397 | 2.0 ozs | 1.25 | Varies) 
Sand and gravel. .... © | 0.151 767| 0.750 | 0.15 | 0.60 | Varied 
Sand: on 
Jat surface... 14 | 0.059] 566 | 0.600 | 50% | 50% | Dry 
28 surface 20 | 0.041) 365 icd 
Foundry sand... .... 24 | 0.030] 520 | 0.60-0.80 .... Wet Less than 1% 
of undersize 
remains In 
oversize 


jock Yards and Packing-house By-products 


Wire cloth Capacity, 
tons pr’ | Over | Fines] а 
per | sise, | tona 
Material sa Tol | tons | per | ture | Remarks 
lesh] Pa, | diam., жгеейлк | per | hr. 
Men ipes | deme fean race | br. 
Татацео,..,.......| 8 [0.078 | 0.047 |... | 1,00-1.25/0,625-0.375-| Vurien 
0.815) 6.438 
ДРИНА % | ein. 0:20-0.25| 0.1- | 0.1- | Varies |А, proximately 
backing 0,125 | 0.125 % моделе 
loth remaina tn 
oversize 
Tange оно 4 [0.192 | ли, |1167| 0.333 | 0.133) 0.2 TOS 
ins Їп over- 
sie 
| Meatsorap and bone | 5 |0,120 | 0,080 |....| 0.20 | 0.15 | 0.05 | Gressy | 566 undersizere- 
trackling. mains in aver- 
size 
Add phosphate. з (0:253 | 0,080 |....| 1.0-1.5 | 0.25-|0.75-|.......| 5% undersive re- 
65 | 1.0 mains in over 
sie 
Commercial fertiliser] 3 [0.0253 0,080 |... 1.25 | 3% | 97% | Varies 
Sugar 
Wire doth Сара голи Product, tons per 
Materlal eae | Remarks 
Over | Through 


| 20% | 80% | 
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vibration of about }{ in. Further vibration is caused by balls bouncing 
against the lower surface of the screen cloth. 

‘This type screen is very popular in this country and England. It is used 
for a variety of chemicals, usually dry, and has been employed for very fine 
separations (300 mesh) when screening some light materials such as aluminum 
powder. A typical machine is the Rotex, made by the Orville-Simpson Co., 
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а. 8,—Rotex screen. 


Cincinnati, Ohio (soe Fig. 8). Wet screening with this typo machine is not 
common, but at least one manufacturer claims successful operation. 


SIEVE TESTING 

Many specifications now call for definite sizes of material and the use of 
test sieves is required. 

Test sieves are very generally used to determine the efficiency of screening 
devices and the work of crushing and grinding machinery. However, it 
has been recently shown [Weber and Moran, Ind. Eng. Chem., anal. ed., 
10, 180 (1038). MacCalman, Ind. Chemist, 13, 14, 15 (1937–1989)] that 
sieves meeting present specifications often do not give accurate analyses. 
Calibration of sieves against a standard set is one means of getting more 
accurate results, 

It is essential that standard sereens, with standard sis of opening, be used 
for sieve analysis. The time of screening and the method of ngitating the 
material on the screen should also be standard, and in many industries the 
practice of specifying the size of opening (or a certain standard screen) and 
the time and the method of screening are specified. There аге ut least three 
standard screen-scale sieves in use in the United States. In 1939, the A.S.T.M. 
and the A.S.A. adopted a single standard specification, A.8.T. M. Designation 
Е-11-89, A.S.A. Z 23.1-1939. 

The Tyler Standard Screen-scale Sieve. This standard has as its 
base a 200-mesh een in whi the opening is 0.0029 in. and the wire diam 
eter 0.0021 іп. This screen has been adopted by the U. В. Bureau of Stand- 
ards as the standard 200-mesh screen. In the Tyler standard, the width of 
opening for each succeeding screen is increased by the square root of 2 or 
1.414; thus the area of the succeeding opening is twice that of the preceding 
screen (see Fig. 2). 

Table 8 shows the Tyler standard screen-seale sieves, Catalogue 48, The 
W. 8. Tyler Co., Cleveland, Ohio. 

Mechanical Shakers. Тһе Ro-Tap shaker manufactured by the W. В. 
Tyler Co. is the standard machine for carrying out automatically sieve-test 
procedure with accuracy and dependability. This device consists of в 
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Teceptacle to hold a series of superimposed standard sieves and a motor- 


driven shaker which imparts to the sieves both a circular and a tapping 
motion. 


Table 8. The Tyler Standard Screen-scale Sieves 


' 2 3 4 5 A 8 9 
= -— = | = ~ 
Tyler У For closer 
"шг | Every | Жуку | Every | mur браве 
этеп | other | оће | ИК aie 5 
cale | sieve from | sieve rom | sieve from |0588 | Open- | infrac Diam- 
; | 0.0029 to |'0.0041 to | 0.0029 to | FOO iN | mags, | HOST | Mesh | eter of 
0.742 in. | 1.050in. | 07421. | "ratio | шш | дише wire, ln. 
QE або of | anoo | пацове | "МЮ (oppress 
pening, اا‎ ЕД mata 
sings: | "2 to 201 | 461 | ү 
npo |... пою | .5.. | тою | ж 9.48 
083 | 2243 
onz | ом |. оле | 072 | 18:85 0.135 
0:64 | 15,85 0.120 
0.525 | ...... | 0.525 -. „| 055 | 13:33 0.105 
Й om | 120 0:105 
031 | 0.571 A 01371 | sam г | 002 
032 | 795 28 | 0/088 
0.263 0.263 0:265 | 6:68 3 | 0.070 
021 | 5:65 34 | 005 
0.185 | 0,185 | ...... | 0.5 | 0185 | 4.609 4" | 0.065 
0.156 | 3,92 5 | 004 
0.131 0.131 олу | 337 $ | 00% 
олю | 274 7 | 0:0328 
0.093 | 0.093 0:093 | 235 8 | 002 
0:078 | 1281 9 | 0:033 
0.065 9,065 0:065 | 161 ю | 0.05 
005 | 137 в | 008 
бов | 0.046 0.04 | 0046 | 1168 и | 0:025 
0.0390 | 07991 16 | 0025 
0.0328 0,0328 9098 | 083| За | 2 |0072 
0.0276 | 0.701 з | 004 
0.0232 | 0,0232 0.0232 | 0% з | 0.0125 
0.0195 | 0:495 32 | vols 
0.0164 0,0164 =. | 00164 | 0:417 | 3 | omz 
0:0138 | 0:351 42 | 00100 
0.016 | 0.0116 oone | 0:016 | 0:295 : 48 | 0002 
0.0097 | 02% @ | 0.0070 
0.0082 0.0082 0:0082 | 0,208 | б | 0.002 
0.0069 | 0.175 80 | 0.0056 
9.0058 | 0.0058 | .. 0:058 | 017 100 | 0.0022 
0.0049 | 0.124 15 | 00038 
0.0041 | 0.008 0.0041 | 0104 10 | 0.006 
| 0.0035 | 0:085 170 | 0004 
0.0029 | 0.0029 0.009. | 0.0029 | 0.074 | 20 | 00021 
bin. Opening 
3 
| 2 
| | | ли 


The Ro-Tap is equipped to handle from 1 to 13 sieves at a time and је 
*quipped with a timing element which automatically terminates the test 
after any predetermined time. 


MECHANICAL SEPARATIONS 


The I. M. M. Series* 


ЭЕБЕЗЕНЕЗЕНЕЫ 


* The Institute of Mining aud Metallurgy, England. 


U. 8. Sieve Series 
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Another mechanical shaker is the Newark End-shak, made by the Newark 
Wire Cloth Co., Newark, N. J. Sieves used are Newark test sieves, made to 
conform with the U. В. Standard series, 

Interpretation. Sieve analyses are 
most readily interpreted by plotting them 
pn special types of paper which give 
simple curves. Logarithmic-probability 
Paper is quite commonly used. A number 
of methods are described by Austin [Inds 
Eng. Chem., anal. ed., 11, 334 (1939)]. То 
his list should be added the method of T 
Weinig [Colo. School Mines Quart., 28, No. 
3 (1933)] and that of Roller [J. Franklin 
Inst. 223, (1937)]. 

iscussions of methods of particle- 
Size measurement are given by Heywood 
IEngineering, 146, 192 (1938)] and Work 
lChem, & Met, Eng., 45, 247 (1938)]. 


JIGGING 


By К. Н. Donaldson and J. L, Gillson 
Ruronunces: Vedenaky, Use of Jigs in Placer Mining, Miner, May, 1938, British 
Patenta 438,888 of 1006 £5 8. Dawson Ware; And 4920 4 of 1937 to W. Ruoss. Oke, A 
Sapi Hydraulio ig, Mino Mag, pa, 207-208 (1980), Teddy, Sire on Tin Dred, 
ull. Dredging Атос; Southern Molaya, rev. in. Mining Mag. April, 1039, pp. 244. 248. 
Hardy-Smnith, Jigs, Буде: Australasian inet. Mining & Mat, No. 105, Dp: 1-92 (1987). 


Jigging is one of the oldest processes used in separating heavy minerals 
from lighter gangue. А generation ago it was used widely for concentrating 
base-metal ores and 75 
for washing coal. Lg 
Jigs were simple in 
Operation, could be 
constructed locally 
With a low first сове 
and low mainte- 
nance. Power and 
Water consumption 
are high and tailings 
osses are in general 
higher than in other 
Processes, as n result 
of which the use of 
Jigs, except in placer 
gold operations and 
in placer tin and V. 
tungsten deposits, is Fio. 10.—Haneock jig. 
being discontinued. Many older mills, particularly in the Joplin, Mo., lead- 
aino district, still employ jigs as do many of the small producers of barytes 
ores in the Southeastern United States, mw 

There are two principal types of jigs. Туре 1 is where the sieve is station 
ary and water is forced up through the screen. Опе of these types of jigs is 
called the Harz jig and is shown in Fig. 9 (Simons, “Ore Dressing: Principles 
and Practice," MeGraw-Hill, New York, 1924). 
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А ва tank the upper portion of which is divided in two sections, plunger 
and sieve, by the partition marked Е. The lower portion of the tank is called 
the “hutch.” В is the screen which supports the mineral. К is a wooden 
frame with crossbars. C is the plunger which is given 2 reciprocating motion 
by the eccentric О. 
8 is the hutch spigot. Front 
Y is the cup or sub- 
merged weir under 
which the concentrate 
is allowed to pass for 
the separation of V йн КЕШУ 
heavy from light min- | creen bot 
eral which passes ош дуда, 
of the jig at T. 7 ping | 
Ee ys hee Hac 
jig is where the sieve 


+ Discharge 


| 
| 
жар 


moves up and downin 4%3"7&Lpulleys” Back RR 
a tank of water, the 727 belt drive права valve 
one shown in F js ‘belt motor drive, 4 
being в Hancock jig. $ 
In Fig, 10: 2 is the 26: Water 
cup for concentrate ог 24 E 
Feed 


middlings; 5 is the 
tray to carry the 
screens; 6 and 7 are Eccentric- 
supports for the tray; drive 
8 is oam shaft; 9, 
three-point cam; 10, 


drive pulley; 11, fly- light-hand 

wheel; 12, rocker arm; а 

13, rocker-arm shaft; МШ 

14, links connecting Patents 

rooker аттай, A applied 
The screen tray is $i 27 л ix for 

given в combined ЕВ gold,/ 

horizontal and verti- product 

cal reciprocating mo- Fie, 1. Denver mineral jig. 


tion which causes the 
оге to pass rapidly over the screens. 

Capacity. For the Harz jig, Wiard ("The Theory and Practice of 
Ore Dressing,” McGraw-Hill, New York, 1915) gives the capacity C in 
tons per 24 hr. por sq. in. screen aréa as С = -/7/100 tons where d = average 
diameter in millimeters of the feed to the jig. 

‘The Hancock jig varies with feed from 100 to 500 tons per 24 hr. 

Water Consumption. The Harz jig requires from 10 to 20 tons of water 
(2350 to 4700 gal.) per ton of solid. Hancock jigs usually require about half 
as much water as the Harz jig. 

Power. Harz jig power consumption depends on length and number of 
strokes per minute and upon the class of material being treated as well as the 
depth of bed. 

Simons (“Ore Dressing: Principles and Practice," McGraw-Hill, New York, 
1924) gives the following figures which may be taken as a preliminary estimate 
of the horse power required. 
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For a one-compartment jig, 
For a two-compartment jig. 
For a three-compartment jig... 
For a four-compartment jig 


Jig Feed. Ji 
but in modern practice the minimum usually 
would be coarser than 3 or 4 mesh. The 
fine material which was formerly treated in 
jigs would now be treated on tables. 

Jigs for Placer Gold. The commercial 
у of placer 
gold started ubout 1914 and resulted in the 
design of some new jigs which may have some 
place also in coarse roughing of other heavy 
minerals, The concentration of placer gold 
by jigging is successful because of the extreme 
difference in specific gravity between the gold 
and the gangue materials. The high capac- 
ity of these new jigs recommends them for 
treating the low-grade material that must be 
handled in tremendous quantity in most 
plucer operations. The use of jigs in this field 
was described by Malozemoff [Jigging Applied 
to Gold Dredging, Eng. Mining J., 138, 34-37 
(1937)] and jigs are made by the Pan- 

пегісап Engineering Corp. Berkeley, fyg, 
Calif., The Southwestern Engineering Co., 
Los Angeles, and the Denver Equipment Co., 
Denver. Dia- 
grams showing 
the construction 
of these jigs are 
shown in Figs. 
11, 12, and 13. 

The Denver | 
mineral jig 
(Denver Equip- 
ment Co.) has а 
number of spe- 
cial features 
which have been 
particularly 
adapted to con- 
ditions found in 
the grinding cir- 
cuit, i.e, dilution 
control and the А d 
handling of @-Screen supporta jig bedding 

t sod. b- Grid supporting sc 

maare d Гей. 2 Grid clamping down screen 


easy to operate Fia. 13 


formerly treated material from a 2-їп. size down t 


2 mm., 


12,—Southwestern-K raut 
Hydromotor jig, 


- Flexible rubber diaphragm 
e- Valve 


Pan-American jig. 
and are built in four sizes to handle practically any tonnage. 
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This jig consists of two compartments and is of all-steel, welded construc- 
tion, to minimize space required. In the front of the unit are the two screen 
compartments over which the entire mill discharge passes; in the rear ar 
the plungers actuated by a walking beam and adjustable eccentric, The 
plungers are sealed with special rubber diaphragms to give positive displace- 
ment of water or solution. А rotating valve is synchronized with the move- 
ment of the walking beam so that solution is added only on one part of the 
stroke of the plungers to counteract the suction normally created. This 
а water action, closely approximating the perfect theoretical jigging action, 
with pulsations upward and periods of free settling between, with minimum 
suction. The speed of different jig sizes will vary according to the material 
being treated; average speed is from 300 to 350 r.p.m. and a stroke of approxi- 
mately М in, d 

The screen compartments аге removable, as they must be cleaned up at 
10- to 60-day periods, similar to any jig operation. A spare compartment 
is furnished so that the change can be made without shutting down the grind- 
ing circuit. A special non-blinding screen is used which practically eliminates 
clogging. 

The metallic gold values and the high-grade concentrates are finer than 
the screen openings and pass into the hutch below; which has steeply sloping 
sides, thus allowing clean discharge of this valuable high-grade material. 
The discharge plug of each hutch can be securely locked to prevent theft. 
The tonnage shown below is that of the grinding-mill initial feed, the jig 
also handling the circulating load. 


Table 11. Denver Mineral Jig Dimensions and Data* 
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| | | | Shipping 
у, wis lb: 
Capacity, B b | =] |0 m Motor 
| | | | Bat | ote 
| 
| | 
вую | asas lo nd эло” [en | эз” | vene | ви] в” ч | 900 | 975 
125 18 | 50-200 (¥ 07137 67/37 Baar | би азии 21 | 18% 127]. 1^ | 1900 | 1628 
16224 | 200-500 |5' orla 37 зло |3456 | 453077 | 231 24m) 16” Ты | 1950 | 2050 
4 X36 | stan P lear] |47' E |30 |||? | 3o | E 


* Courtesy of the Denver Equipment Co. 


TABLING 


Ву К. Н. Donaldson and J, L. Gillson 

The use of shaking tables for concentrating heavy materials from worthless 
gangue began about 1896 with the development of the Wilfley table and 
reached its maximum development about 1910, With the introduction of 
flotation the use of tables in the concentration of base-metal sulfides rapidly 
died out. Recently, however, the requirements of beneficiation of many ores 
and chemical raw materials not amenable readily to flotation has again 
stimulated the use of tables, so that there may be as many in use today as at 
any time. Wet tables are suitable for concentration of materials in the range 
from about 6 mesh down to nearly 300 mesh, and, on coal, coarser material 
is treated. Ordinarily the treatment of material finer than 48 mesh is not во 
economical as flotation. The objection to tables as а method of concentration 
lies in the large area required for the installation of the necessary number of 
tables to treat fine material in a mill of large capacity and because differential 
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fepiration of the several heavy minerals that occur together in many of the 

base metal ores is not possible. 

cept where there is a large difference between the specific gravities of 
¢ tnaterials to be separated (galena and limestone or galena, sphalerite, 

and limestone), it is not possible to produce both a clean concentrate and a 


Fro. 14.—Deister-Overstrom diagonal di 
riffle syatem for sand. Bottom, diagonal 
slime, 


ck table, Center, diagonal deck with pool 
jeck with pool riffle system for fine sand and. 


clean tailing, Under ordinary conditions tables can be operated to produce 
either a clean concentrate and а middling or a rough concentrate and a clean 
tailing. Where the table is used to produce a clean concentrate, not over в 
of the valuable mineral may be expected if only one 
tabling operation is used. 
, In many plants classifiers are used to prepare the feed for the tables, but 
in some plants а deslimed but unclassified feed is used to produce either a 
medium-grade concentrate or a clean tailing which may markedly reduce the 
necessary crushing and/or grinding. 

The heaviest grains are least affected by the cross current of water being 
trapped behind the rifles, lighter minerals are washed over the rifles and are 
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discharged either at the side of the table or at the end near the low side- 
Launders are distributed along the side and end of the table to catch the di 
charge; usually а concentrate, a middlings, and a tailings are collected 
separately. 

‘The shape of the deck varies with the design of the manufacturer, and few 
are exactly rectangular. The Deister-Overstrom table is elongated diagonally 
to the direction of shake of the table, but ја general with the path of move- 
ment of the majority of the grains, thus increasing the effective length of 
the table. The Plat-O table, made by the Deister Machine Co., has a 
plateau toward the discharge end of the table on which the concentrate must 
climb, because of which more effective gangue separation is claimed. 

"The deck in most tables is covered with linoleum but some operators prefer 
a redwood or cement deck. ‘The longitudinal movement is adjustable in 
most cases between limits of a fraction of an inch to over an inch. Тһе 
number of vibrations or shakes per minute is between 150 to 375. In one 
English table, the Sherwen, which is vibrated by an electromagnetic device, 
the vibration is at a much higher rate with a very short stroke. Tho riffles 
in most tables are cleats, usually made of sugar pine tacked on the deck. 
In most tables these have a rectangular cross section, but other shapes are 
used; in some tables not covered with linoleum, grooves аге cut into the 
wooden deck. The movement of the table is such that the deck reverses 


Table 12. Data on Wilfley Tables 


Weight, 
Pulleys, d 
Capao ; heaviest 
T, | | ua | Vater | nm | Die or ок Type of 
Tablo | tons | ating | Umal | gal. | eter pieces [Strokes] Бро of dock under 
No. г | horse | speeds | рег and faded dn. Structure 
Жї. | power min. Tor eme 
port, №. 
6 men 5 -20| M X 4| 835 5n" xwor uim 
rame 
6 (special) 1240-290) 5 Mx4| 675 57 з" x 12/1034"! Ви 
frame 
9 (235-250) 10 = 18X4 1130 УУ x 12/1034") oat 
acne 
2 240-20] 5 Mx4| 850 Уп” хм Concrete 
(T) 
у "n ў 240-200, 3 -15| 14 X 4| 300 yo" x7 ae 
rame 
в 300-375] 34-4] 6X1 220 E v n" x 26" Pit 
fame 
M та 5 A MX4 890 | 14-1 |51" хм De 
| ume 


Иа direction with a maximum velocity at one end and a minimum velocity 
at the other end of the stroke. It is the quickness of the return which causes 
the material on the table to migrate toward the discharge end. This moti 
is given by a pitman and toggles, running in oil in a dust-tight box, except in 
the case of the electrically vibrated Sherwen table. 

The tables used most generally in commercial work have a deck from 10 
to 15 ft. in length and have a capacity varying from 2 to 5 tons per hr. with 
«оагве material (and up to 10 tons per hr. on coal) and 1$ to 1 ton per hr. with 
finer material. The installed horse power is between 1 to 3 but the running 
load is, in general, only half of the starting load. Water requirements 
average 10 and 15 gal. per min. per table. 
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‘The approximate direct cost of treating ores by tabling varies from а 
minimum of about 214 сіз, per ton to about 5 cts. per ton of feed, depending 
Ubon labor and power rates and the number of cleanings necessary. The 
Installed cost of a table of standard size will run between $1000 and $2000 
Der table, depending upon location and the complexity of the equipment 
installed to handle feeds and discharges. 

Vanners were extensively used in concentrating plants treating sulfide 
Minerals before the advent of flotation, but in sulfide mills they have been 
largely replaced by flotation. They are used to some extent to recover 
minerals which are not recovered by the flotation process such as oxidized 
minerals of copper, lead, and zine. 
‚Эту Tables. А relatively recent development is the Sutton, Steele, and 
Steele dry table (0. 8. Patents 1,574,637; 1,632,520; and 2,137,678), which 

as а shaking motion somewhat similar to that of a wet table, except that 
the direction of motion is inclined upward from the horizontal and, instead 
of water acting as the medium of distribution, a blast of air n through a 
perforated deck. The table has application in cases where it is desirable to 
treat material dry, either because of water shortage or because it is undesirable 
to wet the materials. The table supplements other dry methods of con- 

entration such as electrostatic and electromagnetic methods, An advantage 
9f the table is the ability to handle material coarser than that treated on 
most wet tables. Ores as coarse as 14 in. and coal as coarse as 3 in. can be 


g is necessary to give good results, and until recently this has 
militated against adoption of the table for fine sizes, owing to the difficulties 
of screening most ores dry below about 40 mesh. ‘The development of dry 
methods of. sizing with the wind tunnel or Schramm system should promote 
Adoption of the table to the treatment of many ores and materials now handled 
by other equipment. 

Dry tables are used commercially in the separation of many types of 
minerals and in the cleaning of industrial materials such as seeds, cork, 
bagasse, fiber, nuts, wood chips, coffee, etc. One interesting use is їп the 
Sorting of silicon carbide by grain shapes. Flat and splintery grains are 
removed from others of more nearly equal dimensions. 


AGGLOMERATION TABLING 


By 0. С. Ralston 


Rururexons: Ralston, Flotation and Agglomerate Concentration of Non-metallic 
Minerals, U, S. Bur. Mines, Rept. Investigations 3307, May, 1938, рр. 42-48. jener, 
Clemrer, and Cooke, Beneficiating С Raw Materials by Agzlomeration and 
Cabling, U. S. Bur. Mines, Rept, Investigations 3247, 1985, 6 pp. Coghill, DeVaney, 
Clemmer, and Cooke, Concentration of Potash Ores of Carlsbad, N. M., by Ore Dressing 

7. 8MBur. Mines, Rept. Investigations 3271, 1935, 18 рр. Part2, Lawrence and 
le Phosphate Ores, U. S. Bur. Mi 


, Coal Age, 22, 911-914 
Froth Flotation and Agglomerate Tabling 
292, (1939). 

Agglomeration tabling is a process whereby selective flocculation or 
agglomeration of grains of one mineral in an aggregate is caused by the 
addition of ап agglomerating agent in a conditioning cell or in the ball-mill 
circuit, the slurry containing the agglomerated grains then being fed асгока 
Rravity tables. The larger size and feathery texture of the floccules cause 
them to be washed over the side of the table by the current of cross water, 
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while the unflocculated discrete particles remain on the table and are carried 
off the end in the position followed normally by the concentrate in the usual 
table feed. Ап oiled partiele will tend to ride on the surface of the water 
and thus is more readily carried across the side of the table than an unoiled 
particle. Agglomeration tabling has had more application in the concentra- 
tion of phosphate minerals than in any other field, although successful tests 
have been run on limestone, potash, and other ores. The process is appli- 
cable to materials of coarser sizes (20 to 100 mesh) than can be concentrated 
by froth flotation (60 to 500 mesh). Another advantage over flotation is 
in the cases where the mineral that can be readily agglomerated is the domi- 
nant mineral in the crude slurry. If the bulk of the material has to be 
lifted by flotation, there is а tendency to degrade the concentrate by entrain- 
ment of gangue in the bulky concentrate. Such entrainment does not occur 
во readily in agglomeration tabling, and, by filming the dominant mineral, 
the capacity of tables can be greatly increased. The process is not adaptable 
to selective concentration of more than one produce in a mixture. ОЙ 
is used as one of the principal agglomerating agents and the film of oil remain- 
ing on the product is objectionable in some industries. 
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ELUTRIATION 
By К. Н. Donaldson and J. L. Gillson 


Wet Elutriation. Elutriation is a term applied usually to complete 
hydraulic classification of a weighed quantity of material done for the pur 
pose of determining accurately the grain sizes, particularly in the rang 


below the finest screen size. {Se Key 


‘Three types of elutriation appa- k К 
ratus are illustrated. i — rubber tubing 
The Andrews kinetic elutri- а stopcock 
ator is slightly more complicated S6" Sight glass 
than the other two but is said to р: Diomeler 

be extremely accurate. L= Length 


Elutriation is continued for a 
number of hours until no par- 
ticles can be seen in the overflow 
tubes from one vessel to the 
next. The vessels are then 
emptied and the contents filter- 
ed, dried, weighed, and then 
examined microscopically for 
size, using a calibrated grid 
ocular or an ocular with an ac- 
curate scale reading to hun- 


dredths of amillimeter. Itmay Fro. 15.—Flutriator designed by V. W. Haedrich, 
be unnecessary to describe the IA OM анана асо 
grain sizes, referring simply to the fractions collected with a given hydraul 


velocity. "The weight of the several fractions collected shows the size distri 
bution in the sample tested. Any fraction that is lost in the final overflow is 
recognized by the difference in totsl weight of the fractions as compared with 
the original weight, 

A study of elutriation and a description of equipment, particularly of ап 
accurate and extremely slow feeding device, are described by Clemmer and 
Coghill [Improved Laboratory Elutriator and Its Application to Ores, 


m 
Or Subsi 


(includes a bibliography)]. 


п elutriation are describe 
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Eng. Mining J. 129, 551-554 (1930)]. Further resulte of investigations 
а by Cooke [Short-column Hydraulic Elutriator 
ve Bizes, U. 5. Bur. Mines, Rept. Investigations 3333, pp. 39-51 
A description of the Andrews kinetic elutriator 


Хав given by Andrews (A New Elutriator, Mining Mag. (London) May, 


929, р, 301; April, 
1936, pp. 2 3) ~ Air vent 
ma repeated later 
mi, Curtis (А New _—Constant heod 
Plutriator, ^ Sands, ie unclassified 
Claye & "Minerals, feed controlled 
БОЛШУ, 1938, pp. Variable jer, Кз ict) a 
59-63); S 
Ах accurate o~ Air vent- D 
ейде of size Fine over: Y. Wi 
ibution of sub- Я, Vere ney 
(тееп sizes is ex- EZ rising water 
ПОШУ important Unclassified feed!” current 
a the manufacture SH 
of pigments, in the Aggregations of мй. | 
dressing ot clays, per eles asl Coarse particles 
and in the flotation sociated by high GÀ], projected down. 
of ores, velocity inpact U ware 
„А continuous у Аца Rubber. tube 
"elutrintor" for dry соле with pinchcock 
Commercial use in Air vent cock---^ 
Net tabling of min- T 
val products Coarse am 
qhown in Fig. 17. Y Vs Gs iir 
is adapted espe- К na terial ci 
ly for preparing sifying tube 
middlings products 
xn wot tables for -P 
Urther cleaning but 
tàn be used for "Removable 
Cleaning concen- measuring tube 


Yates or scavenging 
tailings products. 
he dimensions will 
Vàry aec; ding to 
the quantity of feed 
to be handled. 


Fic. 16.—Andrews 


Water inlet 


inetic elutríator. 


Dry Elutriation and Dry Classification by Air. Equipment for and 
{Ве theory of dry elutriation are described by Traxler and Baum (Determina- 
tion of Particle Size Distribution in Mineral Powders by Air Elutriation, Rock 
Products, 37, 44-47 (1934)). It is necessary in the size analysis of materials 
Subject to hydration, such as cement, lime, or solution in the case of water 
Soluble materials. For dry elutriation, complete dispersion of the particles 
Must be accomplished, which in the Traxler and Baum apparatus is done by 
Means of an air jet, Temperature and humidity conditions are controlled and 
Maintained constant throughout each test. 

Roller Particle-size Analyzer. An instrument very good for free- 

lowing material in the range 5-З0и is the Roller particle size analyzer, made 
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by the American Instrument, Co., Silver Spring, Md. [see Roller, U. 
Mines, Tech. Paper 490 (1931)] By a controlled stream of dried air the 
device separates a given sample into fractions having predetermined particle- 
size ranges, such as 0 to 10g, 10 to 20%, 
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20 to 40u, and 40 to 80џ. It has been Flush water 
used with success in at least one labora- ojo" Feed 678. 


tory. 
Air classification in connection with 
fine grinding and dust collecting systems 
has been used in commercial plants for 
many years and the subject is described 
опр. 1932. The sizing by air of materials 
in the range from 30 to 150 mesh has 
become of importance in the preparation j» 
of materials for dry tabling and electro- L 
static methods of concentration of min- 
eral and chemical products, ав а 
substitute for screening. The screening 
of materials dry, in the range below 40 
mesh, is slow because of the relative low 
capacity of screen of fine meshes and 
relatively expensive because of the cost 
of sereen cloth. Furthermore, for dry 
tabling, the screening process sizes mate- 
rials by maximum grain diameters 


whereas sizing by mass is preferred. pple threaded V 
Superior concentration results are ob- forreducing, ,. ‘Hydraulic у 
tained on dry tabling with a feed pre- connections tog gf wafer ppe 


pared, so that the grains of the heavy ‘Spigot discharge 
minerals have the same mass as (i.e., are 5 
finer than) the grains of the lighter 09: 17-—Laborstory elutriator for 

n = uds 2 making two products, using dry or damp. 
minerals. When the grains fed to the feed. Designed by J. 1. Gilson, E. L 
tables are of the same size, complete du Pont de Nemours & Со, 
separation is more difficult. 

Two methods have been developed recently. The Schramm system 
(Schramm System of Ore Concentration, Bull. 22, New York Concentrator’: 
Ltd.) employs а number of vertical columns in which the material fed falls 
against a rising current of air. The material settling in the first column ія 
fed through the second against a slightly stronger air current. Very close 
sizing is claimed, and, when used on feeds sized closely by previous screening, 
concentration as well as sizing occurs. 

Adaptation of the wind tunnel to air sizing has been made recently in the 
soil-analysis laboratory of the California Institute of Technology. Although 
designed originally for analysis of size distribution in soils, it is built for 
continuous operation. 


MAGNETIC SEPARATION 
By J. І. Gillson 
The separation, by magnetic methods, of minerals, metals, and other 
materials is n highly developed art. There are many machines designed 


specifically, for particular kinds of feeds, Ап outline of the types of machines 
that are in common use is as follows: 
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1. For removal of ferromagnetic or other strongly magnetic materials. 
When the amount of strongly magnetic material forms only a small part of the 
feed. 

1. Dry Methods, Magnetio pulleys, or suspended poles over moving belts 
or inclined chutes to remove “tramp iron," magnetite, or other magnetic 
materials present in the product, or purposely, ог unayoidably intro- 
duced. Permanent or electromagnets are placed below chutes in some 
installations, as in Hour mills to cause stray bits of iron fragments to 
remain on the chutes, which are cleaned periodically. Some agricul- 
tural products are cleaned by mixing them with iron filings, Seeds with 
rough surfaces to which the filings adhere are removed from others with 
smooth surfaces. 

2. Wet Methods, The removal of small amounts of iron-bearing impurities 
from slurries of ceramic products, pigments, dyes, flotation feeds, ete., is 
‘one of the most important applications of magnetic methods to the 
chemical industry. There ai ral machines on the market. One 
made by the B. G. Frantz Company of New York is called a Ferro- 
Filter. The Ding's Company of Milwaukee makes one known as the 
De-ironer, These machines have an electromagnet. Screens through 
which the slurry flows are magnetized, and the iron particles adhere to 
the screens, То avoid interrupting the flow of the slurry when the 
screens are cleaned, the installations are made in duplicate or triplicate. 
The slurry feeds for a given interval through one unit and is then 
switched automatically to the second unit, The current is interrupted 
from the first and the screens are cleaned by flushing water through them 
which is run to waste. The Magnetic Products Company of Trenton, 
М. J. makes в unit called а Separmag. The "screen" is а box of tacks, 
or stainless steel attractors, which are magnetized by an Alnico per- 
manent magnet. 

В, When the amount of strongly magnetio material is a relati 
tion of the feed. 

1, Dry Methods, Belt machines are used for dry separation of magnetite 
(15504) from gangue but the large volume of such a strongly magnetic 
material jumping toward the poles causes so much entrainment of 
non-magnetic grains that clean products are difficult to produce, and 
dry methods are to be avoided if possible. 

2. Wet Methods. Suspended belt machines, such as the Crockett, made 
by the Ding’s Magnetic Separator Company of Milwaukee, and mag- 
netic “log washers" are used in the concentrating plants of many mines 
producing magnetic ores. In the Crockett machine the material is fed 
into а tank in the upper part of which a belt is moving parallel to the 
length of the tank. A number of magnets are placed above the belt. 
‘Tho material in the feed is well dispersed in the water and the magnetic 
grains adhere to the underside of the belt and are moved along into 
another division of the tank and beyond the action of the magnets, The 
non-magnetic material flows out through a discharge in the bottom of 
the first section of the tank, 

‘These machines have very large capacities per unit, up to 85 or more 
tons per hour per machine. They are suitable only for separating very 
atrongly magnetic materials. 

IT, For removal of moderately magnetic or weakly magnetic materials. 

А. Dry Methods. There are two types of machines available. A belt-type 
machine, such ns the Wetherill, is adapted only to the separation of minerals 
that are moderately magnetic such as ilmenite, franklinite, and pyrrhotite. 
Some operators prefer the belt machines for these separations, particularly in 
cases where the desired mineral is sssocinted with another mineral that is 
itself magnetic. They believe the selectivity is rentes 

‘The material is fed into the machine on а belt and under successive magnets. 

Cross belts run under these magnets and above the feed belt. The magnetic 
grains are lifted against the force of gravity and adhere to the undersida of 
the cross belt which carries them laterally out of the field of tho magnet, 


у large propor- 
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‘These belt machines have а Iow capacity per dollar of installed cost and are 
not used in many plants. A large machine with an installed cost of $10,000 
will handle only about one ton of feed per hou: 

Rotor type machines have large capacities and ean remove grains with & 
very low magnetic permeability, such as mica from feldspar, iron-stained 
grains from sands or fluorspar, rutile from zircon, ete. 

Rotor-type machines are made ordinarily with a multiplicity of rotors in а 
tier. The upper rotors are in s field of very weak magnetism while a much 
stronger field is applied on the lower rotors. ‘The capacity of these machines 
depends on the length of the rotor, on the grain size of the material and the 
degree of selectivity required. On feeds of material of plus 100 mesh, а 
machine with 30-in. rotors will handle from 2 to 3 tons рег hr, Most machines 
are made with a double tier of rotors, the magnets being aetivated by the 
same coils, Buch machines are made by the Ding's Magnetic Separator 
Company and by the Stearns Company, both of Milwaukee, and by the 
Exolon Company of Blasdell, N. Y. 

B. Wet Methods. Magnetic ring-and-drum machines for wet feeds have been 
built in Germany and Sweden but are not used to any extent in the United 
States. In fact, as yet there seems to bo no satisfactory wet separator for 
continuous operation on the United States market for treating only moder- 
ately strong magnetic materials, 
TH. For extremely weak paramagnetic ог for "diamagnetic materials.” 

Only one machine has been built for separating exceedingly weakly magnetic materials 
from grains that are diamagn: ‘This is the Frantz Isodynamie Magnetic Separator, 
made by the 8. G. Frants Company of York; the present models of this separator 
have capacities of only 50 to perhaps 200 Ib. per hr. Nevertheless, the separations of 
supposedly “non-magnetic” materials thet can be made on this machine are rather 
remarkable. ‘The machine is essentially а laboratory unit and has not yet been brought 
to commercial development. 

ТУ. Special magnetic machines and processes. 

Hundreds of special machines have been built, among which those operating with an 
alternating current are perhaps the most interesting. Few, if any, are in commercial 
чве. 

In general, it may be said that wet methods are applicable to material of finer grain 
віле tban are dry methods, but then only for the separation of strongly magnetic grains. 
Dry feeds must be granular, free flowing, and dust free. 

‘There is probably no material that is truly non-magnetic, i.e. with absolutely zero 
magnetic permeability. Methods and equipment of magnetic separation through a 
wide range of permeabilities and grain sines are available, The limiting factor is that 
tho magnetic forces must be strong enough to overcome other forces acting on the same 
grains, such as gravity, air currents, and surface tension, 
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General Principles. Flotation is a process whereby the grains of опа 
ог more minerals, or chemical compounds in а pulp or slurry, are selectively 
caused to rise to the surface in a vell or tank by the action of bubbles of ай 
The grains are caught in a froth formed on the surface of the tank and are 
removed with the froth, while the grains which do not rise remain in the slurry 
and are drawn off the bottom of the cell or tank. 

Floatability is a property of solids and some solids are more easily flotable 
than others. Sulfur, graphite, sulfides of the metals are easily floatable, 
whereas oxides, silica, and silicates are not as readily floatable. Floatability 
isa surface phenomenon. The nature of the film on the outside of the particle 
is the controlling factor. The selective filming of grains of one mineral 
in an aggregate by a specific reagent, promotes floatability of these grains in 
preference to the others. 

Reagents which will film certain minerals are known as collectors, those 
that induce a froth are frothers, those that assist in the selective separation 
of one solid from another by depressing one, or inhibiting its flotation, are 
depressers. Reagents which disperse slime coatings on grains, thus favoring 
filming, are deflocculating agents. Acids and alkalies are added to control the 
pH. Various inorganic reagents are used for special purposes, particularly 
for activating or assisting other reagents. 

Collectors, The collectors used most commonly in the flotation of the 
native metals such as gold or copper, the sulfides, arsenides, tellurides, sul- 
osalta, ete., are the xanthates, dio-thio-phosphates, alpha naphthylamine, 
thio-carbamates, eto. A curious fact is that many rubber accelerators аге 
collectors of sulfide minerals in froth flotation. 

Collectors used for non-sulfide minerals are oleic and other fatty acids and 
soaps, fatty alcohol sulfates, and mineral and coal oils (usually added in an 
emulsified form) ; and for the oxides and silicates the collectors are the so-called 
“cationic” reagents. Kerosene and coal oils are used as collectors in coal 
flotation. 

Cationic Reagents, Since the development of cationic reagents is new, а 
description is pertinent. 

Lenher in U. 8. Patent 2,132,902 of Oct. 11, 1938, recognized that reagents 
that have the surface-active constituent in the positive ion will floeculate 
and collect minerala that are not flocculated by the reagents such as oleic 
acid or soaps, in which the surface active ingredient is the negative ion. In 
the patent а large number of such chemicals were disclosed, principally 
quaternary ammonium compounds. 

‘This permitted a classification of the minerals into two groups, positive 
and negative. Those that are positive presumably carry a positive electric 
charge on the mineral surfaces, while those that are negative carry a negative 
charge. ‘The character of the charge is probably relative to the charge of the 
collecting reagent and is affected by acidity of the pulp and other factors. 
One of the most important minerals that is negative is the mineral quarts, 
which in all previous work had been floated, if at all, only with the greatest 
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difficulty. Minerals that are negatively charged may occur together but 
ne that has a stronger charge can be collected away from the other. 

The U. S. Bureau of Mines took up the investigation shortly after the 
Lenher application was filed and found a large number of uses for these 
So-called cationic reagents. Norman found that short-chain amines such as 
di-n-butyl amine is an effective collector of minerals containing 5 per cent 
Or more of water. Such minerals are talc, pyrophyllite, sericite, clays, and 
Weathered mica. Anhydrous minerals and those with little water require а 
longer chain compound such as lauryl or stearyl amine hydrochloride, or 
Stearyl or cetyl tri-methyl-ammonium bromide. In a more recent paper, 

orman, O'Meara, and Baumert list a number of reagents in the order of 
their effectiveness on talc. Results of tests on concentration of magnesite 
ore with lauryl amine hydrochloride are described by Doerner and Harris. 
A long list of reagents, some of which are cationic, was described by Dean 
and Hersberger. These reagents are now in commercial use or in pilot-mill 
testing on the flotation of tale, of quarts from feldspar, of quartz and mica 
from limestone, of quartz and other minerals from magnesite, ete. 

,, Kirby found that an amine hydrochloride with about eight carbon atoms 
is effective on potash ore. 

Cleaning mineral surfaces by attrition or by the use of hydrofluoric acid 
Was investigated by Norman and found to improve the degree of separation 
by flotation. ‘The addition of some inorganic compounds such as sodium 
hexa-meta-phosphate or tetra-sodium phosphate also improve selectivity. 

Frothers. Agents used to produce а foam are creayli¢ acid, pine oil, and 
other soft and hardwood oils, and a series of branch-chain alcohols sold under 
the designation of the “В series" by duPont. They are actually mixtures of 
alcohols and ketones, 

Depressers. Sodium cyanide is used to prevent the flotation of sphalerite 
(218) and pyrite during the flotation of galena (PbS) in mixed lead and gine 
Ores, Lime is added also to depress the pyrite; in copper-lead separations, 
cyanide and lime depress the copper sulfides. Chromate salts are used to 
depress galena and to permit copper minerals to be floated away from lead. 

Deflocculating Agents. Caustic soda or sodium silicate serve to defloccu- 
late slime and clean mineral surfaces. 

Activation and Miscellaneous Reagents. Lime is the most common 
reagent used in sulfide mineral flotation to raise the pH and sulfuric acid 
When an acid circuit is desired. The consumption of lime for this purpose 
exceeds 50,000,000 Ib. per year. Soda ash is used in the flotation of galena 
Unless pyrite is present, when lime is used. Copper sulfate is added in zine 
Sulfide flotation аз a promoter. After the lead has been removed, copper 
sulfate and an additional collector are added. In non-sulfide flotation а 
large number of reagents have been used, including glue, starches, gums, 
tannins, various phosphates, sodium fluoride, and silico-fluorides. Solvents 
for some water-insoluble reagents are employed, as are emulsifying reagents 
tor oils, fatty acids, etc. The alcohol sulfates are suitable for this purpose. 

Flotation Machines. A large number of machines of many types have 
been designed. Some are pneumatic, others entirely mechanical, still others 
ste mechanical with compressed air introduced through a porous diaphragm 
in the bottom of the cell or at the base of a rapidly revolving impeller. 

‘Types of four machines in common use ате illustrated. 

General Operations. Ores must be ground to a point of complete or 
nearly complete liberation, and, even though this can be accomplished by 
coarse erushing, grinding to finer than 20 mesh is necessary in all cases and 
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finer than 48 mesh in most. Grinding is done in closed circuit in ball or rod 
mills in series with classifiers. Pulp density is important and requires close 
control. In a few cases warm water | 
is used. The character of the water is 
important and usually better re- 
sults are obtained with purer water. 
Hard water causes slime flocculation 
and in flotation with soaps and oleic 
acids inoreases greatly the reag 
sumption. In the flotation 
salts and other water-soluble chemicals 
requiring the use of brines, salt-water 
soaps and brine-resistant reagents, 
such as Avirol (sodium octyl sulfa 
are used as are also certai 
cationic reagents such as lauryl amine 
hydrochloride. 

In some cases conditioning or mix- 
ing of reagents and ore is necessary. 
Usually one or more of the reagents 
are added in the ball mill to promote 
thorough mixing, but specislly designed 
“conditioners” are used in some mills. 

Flotation machines are built in 
multiple units and the flow of the pulp Др | 
through various units is adjusted for та, is Mineral separation flotation 
the best results. Common practice is machine, 
to feed the pulp to several cells known 
as "roughers" which produce a barren tailing and а low-grade concentrate. 

The concentrate is treated, sometimes after regrinding, in "cleaner" colla and 
“‘recleaner" cells for 
final concentration. 
The tailings from the 
cleaner and recleaner 
cells are recirculated 
back through the sy 
tem or concentrated 
separately in nddi- 
tional cells, Re 
grinding of these 
middlings is neces: 
in many ores. 
concentrateis usually, 
but not always, col- 
lected in the froth 
from the cells. In a 
few cases it is the flo- 
tation tailings which 
is the concentrate de- 
sired. 

Flotation costs vary enormously with the type of feed. In most cases of 
sulfide mineral flotation the grinding is the principal item of expense. In 
Jarge mills, treating thousands of tons per day, the total mill cost varies 


Ћао, 19.—Callow flotation machine, 
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between 35 to 75 сїз. per ton. In small mills, treating more limited tonnages’ 
costs are higher. In non-sulfide flotation the reagent cost may be an item of 
Inajor expense. The proportion of mineral floated in fluorspar, tale, clay ores, 
Or coals is much larger than in most sulfide ores where the proportion of 
valuable mineral to gangue is generally very low. Thus the consumption 
of reagent is greater. Many of the special chemicals required for such 
Purposes are more expensive than the sulfide collectors such as the xanthates 
und Aerofloats, 


о ng plant using flotation of а capacity of 500 tons 
рег day is roughly $750 per ton of daily capacity—smaller mills cost more in 
Proportion and larger mills less. The grinding equipment costs half or more 
of the total in most mill 

Booth Agitair Flotation Machine (Fig. 20). Air at low pressure is 
blown into the cell at 9 and must pass between the prongs of the rapidly 


Béarin 

Assembly 
Rubber gasket а! 
each connection 


Eleyation 


Connection 
Fro, 20.—Booth Agitair flotation machine. (Booth-Thompon Division, The Galigher 
Company.) 


revolving impeller, causing the air to be divided into extremely fine bubbles. 
"The stabilizer reduces to в minimum any wave action and gives an even 
distribution of the air throughout the cell аген, The advantages of this 
machine are that a large amount of air is admitted to the pulp with a very 
small power consumption per cubic foot of air and that there is no porous 
medium to become clogged with sands or precipitated salts. 

Denver Sub-A (Fahrenwald) Flotation Machine—Operation of the 
Denver Sub-A Cell (Fig. 21). 1. Mixing and Aeration Zone. The pulp 
flows into the cell by gravity through the feed pipe, dropping directly on top of 
the rotating impeller below the stationary hood. As the pulp cascades over 
the impeiler blades, it is thrown outward and upward by the centrifugal force 
of the impeller. The space between the rotating blades of the impeller and 
the stationary hood permits part of the pulp to cascade over the impeller 
blades, ‘This creates a positive suction through the ejector principle, drawing 
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large and controlled quantities of air down the standpipe into the heart of the 
cell. This action thoroughly mixes the pulp and air, producing a live pulp 
fully aerated with very small air bubbles. These exceedingly small, inti- 
mately diffused air bubbles support the largest number of mineral particles- 

2. Separation Zone. In locating the impeller below the stationary hood at 
the bottom of the cell, agitating and mixing 
are confined to this zone. In the central or 
separation zone the action is quiet and cross 
currents are eliminated, thus preventing the 
dropping or knocking of the mineral load 
from the supporting air bubble, which is very 
important. In this zone the mineral-laden 
air bubbles separate from the worthless 
gangue, and the middling product finds its 
way back into the agitation zone through the 
recirculation holes in the top of the stationary 
hood. 

3. Concentrate Zone. In the concentrate or 
top zone, the material being enriched is 
partially separated by а bafe from the spitz _ Fis. 21.—Section of a Denver 
or concentrate discharge side of the machine, Sub-A cell, showing three sonen. 
The cell action at this point ia very quiet, (Penter Equipment Company.) 
and the mineral-laden concentrate moves forward and is quickly removed by 
the paddle shaft (note direct path of mineral). 


ELECTROSTATIC METHODS OF CONCENTRATION 
By J, L. Gillson 

Rexensnces: Johnson, Electrostatic Separation, Am. Inst. Mining Eng. Tech. Paper 
"ebruary, 1938; Eng. Mining, 188, September, 1988, рр, 374 8, 
December U. S. Patents 1,0: 
lectrostati eb. 20, 1912, E arator, 
both issued to Sutton, Steele, and Steele. Fraas and Ralston, Discussion of Electro- 
statio Separation at Meeting of Am. Inst. Mining Eng., Trans. Ат, Inst. Mining Eng» 

234, 419-421 (1939), 


Electrostatic methods of concentration were developed and used moderately 
prior to 1900, but the method and particularly the generating equipment were 
sensitive to humidity conditions and results were erratic, although the reason 
for such variations was not appreciated generally until much later. In 
the meantime а great deal of experience on electrostatic equipment was built 
up through the use of the Cottrell process for dust precipitation, and there 
was much improvement of electrostatic generators for other uses requiring 
high voltage. A number of plants concentrating lead and zinc ores employed 
the process until differential flotation was developed about 1914. The 
rejuvenation of the process occurred first with applications to the food 
industry, in which the process finds some application for cleaning and separat- 
ing seed: 

‘The principle of electrostatic separation is based on the fact that, if onè 
or more minerals in а mineral aggregate or ore can receive a surface charge 
in an electrostatic field, the grains will be repelled from the electrode or 
attracted toward it, depending upon the sign of the charge. By causing such 
grains to fall into separate chutes from other grains not so affected, a separa- 
tion or concentration results. 

Н. В. Johnson has published a list of the conditions of 90 common ore 
minerals, He classified these into three groups; those which behave the same 
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ve of the polarity of the electrode, those which will reverse their own 
charge in a negative field, and those which will reverse their charge in a posi- 
tive field. Patents issued in 1912 covered these features, but actually, as 
pointed out by Fraas and Ralston, this tabulation confuses contact potential 
or frictional electricity with electrical conductivity- Those that are reversible 
Positive and reversible negative are all non-conductors, whereas those classed 
йв non-reversible are conductors or have such a low contact potential with the 
metal of the rotor that any slight existing electrical conductivity is the 
controlling factor. Those that are reversible positive are positive as a result 
9f contact potential, while those that are negative are negative with respect. 
to the conveying roll. Films of organic matter, or coatings of iron oxide ог 
other compounds may change the conductivity of the grains or may affect 
the contact potential. 

Most electrostatic separators consist of a rotor to serve both as the feeding 
device and as the separating electrode, and one or more charged electrodes 
(placed in front of the curtain of feed discharged from the rotor), which put 
а charge on the grains of the feed and the charged grains, are attracted toward 
the rotor or are repelled from it. 

The critical factors in differential separation of grain in electrostatic fields 
аге the conductivity of the grains and the voltage required for grains of a 
definite species to take в charge, or, having been charged, the rapidity with 
Which they will lose it. When а grain takes on a positive charge, it is 
Attracted toward а negative electrode and adheres to it until it has lost its 
charge, If it takes on a negative charge, it is repelled from a negative 
electrode. 

Grains must not adhere to the charging electrode, since this would distort 
and eventually insulate the field, and, of course, they must not adhere to 
the rotor or separating electrode. ‘Thus the charging electrodes, if made of 
metal, rotate with a brush behind the electrode to clean them, or, as in one 
machine, consist of a glass tube (which is an insulator) in which is a gas 
conducting the current, as in a neon sign. 

Grains which are attracted toward the rotor or separating electrode, 
Adhere closely to it if they retain their charge, and a brush is provided also 
behind the rotor to remove such grains. Tf the grains fail to become charged 
9r quickly lose their charge, they fall directly from the rotor. ‘The grains 
repelled from the rotor fall in a path in front of that followed by the normal 
trajectory from the rotor. The forces involved are the force of gravity, the 
tangential velocity given to the grains by the rotation of the rotor, and the 
Actions of the grains in the electrostatic field. It is obvious that the relative 
mass of the individual grains must be within fairly close limits, therefore 
moderately close sizing of the feeds to electrostatic machines is necessary. 
Furthermore, material so fine as to float in air or to be blown about by air 
currents or material that becomes compacted cannot be treated, ie., the 
feed must be free flowing, The size and speed of rotation of the rotor is impor- 
tant since these factors control the length of time the grains are in the electro- 
Static field and the trajectory of the grains from the rotor. 

Тһе wave form of the rectified current is also important. In vacuum- 
tube rectification the primary cireuit must be 50 or 60 cycle; 25 cycle gives a 
pulsating effect, 

The contact potential is important. In one machine а needle-point 
electrode is used in order to impress а charge so strongly on grains that the 
initial frictional charge is unimportant. The U. S. Bureau of Mines is work- 
ing on methods of taking advantage of the contact potential in machines во 
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designed. Ignoring it explains why eleetrostatic methods have not been 
зо successful on non-conductors as on conductors. 

There are three machines now on the United States market which differ 
in detail. The Ritter Products Co. machine, of Rochester, N, Y., resembles 
the original Huff machine and consists of a series of rotors superimposed in & 
tier. Material not rejected by the first electrode passes to the second rotor 
and is again exposed to the 
field with the same or reversed 
polarity. The Sutton machine 
has two electrodes ( ), one 
а needle-point electrode that is 
designed to impress a strong 
charge on the mineral grains and 
a second gas-filled glass-tube 
electrode having the same polar- 
ity as the needle-point electrode 
that enlarges the electrostatic 
field. The third machine 
marketed by the Feldspathic 
Research Со. preconditions the 
feed by passing it quickly 
through a chamber in which it 
is exposed to в warm atmosphere 
of HF of about 1 per cent 
strength. The electrostatic 
separator itself is similar to that 
of the old Huff machine. Pre- 
sumably the НР cleans the min- 
eral surfaces of inhibiting films 
and may give the grain surfaces a positive or negative charge. Tests have 
proved that the subsequent attraction or repulsion of the grains so treated is 
more marked. 

‘To control humidity conditions, which is important, the machines may be 
operated in an air-conditioned atmosphere. Tests on some ores showed that 
а relative humidity below 35 per cent was necessary for effective separation. 
‘The Sutton machine employs a heater so that the feed is raised above 150°F-, 
at which temperature the relative humidity at the electrode is reduced. The 
feed from the HF preconditioner in the Feldspathic Research Co, machine 
is also warmed above the point of critical humidity 

Electrostatic machines are effective on ores in the range from about 10 
mesh to 200 mesh (but feeds must be dust free), and for clean separation the 
mineral grains must be free, i.e., individual particles of n single mineral. 
‘The inability of handling material finer than about 200 mesh restricts the 
application of thod. Most ores must be ground to 20 to 60 mesh to 
cause nearly complete liberation of the particles, by which grinding from 20 
to 40 per cent of feed is unnecessarily, but inevitably, ground finer than 200 
mesh. Fine particles Яу about in the air. Some tests have been conducted 
on equipment to conduct the separation of fines in reduced atmospheres, 
but this increases the tendency for arcing across from electrode to ground, 
which would inhibit paration. Voltages used vary from 10,000 to 30,000, 
but the amperage is very low, from 340 to 14 milliamp. 

High voltages are developed by d.c. generator sets with mechanical reotifica- 
tion with a cross-arm rectifier or by vacuum tubes. А simple and unique 
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generator is the McCutcheon (made by the Communications Measurement 
Laboratory of New York) in which a transformer steps up a primary plant 
circuit and rectifies it by means of four R.C.A. No. 878 tubes. 

The principal application of electrostatic methods so far is on agricultural 
products, but a number of ores are being treated by the method. The separa- 
tion of aircon and rutile is difficult by other means because of similar physical 
properties of the minerals, and two operations are being conducted abroad 
using electrostatic equipment. The separation of feldspar and quartz for 
the ceramic industry is being done electrostatically by one of the large 
domestic feldspar companies; the advantage of the process over froth flotation 
is that it avoids subsequent drying. In general, it can be said that electro- 
statio methods are applicable as an adjunct to other dry methods of con- 
centration where it is desirable or necessary to keep feeds dry throughout 
the concentration process and in a few special cases where other methods 
are not successful. 

Electrostatic machines have capacities varying from 100 to 150 Ib. per 
hr. per ft. of rotor length on material of 100 mesh, and 350 to 500 Ib. per hr. 
ber ft. of rotor length on material of 10 to 20 mesh. The horse power required 
running from 1 to 2 hp. per machine, depending upon the number of 
rotors required, The floor space is small but the working height of an eight- 
to twelve- rotor machine will run from 12 to 20 ft. With a multiple-rotor 
machine the upper rotors are used for roughing, intermediate rotors for 
Scavenging, and lower rotors for cleaning. The passage of material from 
rotor to rotor must therefore be adaptable, permitting either the discharge 
from the front or the back of the machine to reach the next, or a succeeding 
rotor. A single operator can handle three to six machines, depending upon 
whether feeds are continuous or whether units are installed to handle succes 
vely batches of different products accumulating in surge bin: 

High voltages present physical hazards and an electrostatic machine should 
be enclosed во that body contact with electrodes and terminals is impossible. 


CONCENTRATION OF ORES BY SINK-AND-FLOAT METHODS 
By Robert Ammon* 


1 has been practiced in this country 
by modified sink-and-float processes such as those invented by Chance, 
Rheolaveur, and others. The beneficiation of ores has not been carried out 
on a practical seale in the United States by sink-and-float methods until 
very recent years, At the present time there are two outstanding develop- 
ments in this field, namely, the process using heavy-density liquids such as 
halogenated hydrocarbons for the separating medium and the process using a 
h lensity mixture of water or other liquid with в comminuted solid 
аз the separating medium. 

These processes haye their limitations in that ores amenable thereto must 
be of such nature as to liberate in crushing a goodly portion of gangue, free, 
or practically free, of valuable mineral, and, moreover, ore treated by these 
processes must have the fines removed, but the upper range of size of materiale 
treated is almost entirely dependent upon the liberation of the valuable 
mineral in crushing, These processes, from a practical standpoint, should 
handle any ore amenable to jigging, but in а much more efficient way metal- 
lurgically and with a larger range of sizes of feed, 


For many years beneficiation of 


* Chief Metallurgist, American Zine, Lead & Smelting Co, 
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There has been put into practical operation in recent years three large- 
scale plants for the treatment of ores by the sink-and-float method of using ® 
heavy-density separating medium composed of comminuted solids and water. 
Various solids may be used such as ground jig galena concentrates, flotation 
galena concentrates, or other solids. 

This process is covered by patents [U. 8. Patents Nos. 1,895,504, 1,895,505, 
2,176,189. Other patents pending] and the American Zino, Lead & Smelting 
Co. of St. Louis, Mo., is the exclusive agency for the licensing of the use of 
this process in the United States, Canada, and Mexico. During the past 
year approximately 1,000,000 tons of lead-free zinc ore have been treated at 
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8. Tailing drainage screen 
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Mascot, Tenn. by the American Zine Co. of Tennessee, a wholly owned 
subsidiary of American Zine, Lead & Smelting Co.; approximately 2,000,000 
tons of lead-zinc ores have been treated in the Tri-state District; and on the 
Mesabi iron range approximately 1,000,000 tons of iron ore have been treated 
for the production of commercial ore. The three units are now treating 
between 4,000,000 and 5,000,000 tons of crude ore annually. Details of 
the Mascot, Tenn., operation are quoted as an example of the practicability 
of this process. 

At Mascot, Tenn., a lead-free zinc ore (gangue chiefly dolomitic limestone) 
is treated at the rate of 3000 tons per day by the sink-and-float process, 
known as the differential density (D.D.) process. Prior to the advent of 
this process the flow sheet included jigging and flotation; 50 per cent of the 
original ore being rejected as }4-in. jig tailings. A striking contrast exists 
today at Mascot in that more than 60 per cent of the mine ore is being 
rejected as D.D. tailing, with the ore being crushed to 14 in. Approximately 


17. Washed drained tailings. 


SINK-AND-FLOAT METHODS 1745 


25 per cent of the mine ore is removed as }4-in. fines, and the tailing from the 
D.D. process operating on the remaining 75 per cent of the crude ore assays 
0.35 per cent zinc as against 0.65 per cent zinc formerly made on the jigs. 
‘This indicates one advantage of this D.D. process, namely, the production 
of а large tonnage of coarse tailings, which in certain localities is an asset for 
sale ав a by-product. 

The diagram of Fig. 23 illustrates the separatory mechanism of the process. 
At Mascot the ore is crushed to 115 in. and about 25 per cent thereof removed 
as fines, and the remainder is thoroughly washed to remove slimes. In 
the illustration, 1 indicates the ore being fed to the cone, which is filled 
with the separating medium composed of crushed galena and water. At the 
top of the liquid mass, the gravity of the medium is maintained for the Mascot 
ore at 2.80 and at the bottom at 2.95. From the top to the bottom of the 
сопе the specific gravity of the medium shows a constantly increasing 
differential. 

, The D.D. process is а true sink-and-float separation; the surface of the 
liquid mass in the cone is quiescent. No agitator is used, and only a very 
slow rotary motion is imparted to the mass in the cone by the slowly revolving 
Paddles (4). Separation is accomplished by the particles of feed of greater 
than 2.80 specifie gravity immediately sinking and particles of lighter gravity 
floating and being carried off in the weir overflow to the drainage screen (8). 

The айг lift (3) constantly removes the particles (principally mineral 
bearing) settling in or near the bottom of the cone, along with portion of 
the medium, which medium is returned to the top of the cone after having 
been drained through drainage screen (5), "The medium overflowing with 
the floated tailing is drained and returned to the top of the cone at (11) 
through an air lift equipped with a surge cone (9). Any deficiency in the 
Specific gravity of the medium caused by loss of galena in the process or by 
the entrance of moisture with the new feed is made up through а heavy- 
density medium reserve supply (13) shown in the illustration. ‘The screens 
(12) and (7) аге washing screens for removing adhering fine galena after 
drainage. The galena (medium) thus removed is extremely diluted and is 
Sent through appropriate equipment for removing colloidal slimes and sands; 
it is then densified and reused for make-up medium (13) along with addi 
of new galena required. 

At Mascot the cost of operating this D.D. plant is slightly less than the 
cost of jigging as formerly practiced, while the recovery of zine has been 
increased approximately 4 per cent over the recovery by jigging. The cost 
of crushing has been materially reduced in the order of 119 in. from 14 in. 
About 1.6 lb. of galena are added per ton of mine ore treated, of which 
50 per cent thereof is reclaimed, so that the net cost of galena is approximately 
0.8 Ib. per ton of mine ore, or 3 ets. per (оп of mine ore. Water is in closed 
circuit so that practically no new water is needed. Power and labor are 
each approximately 1 et. per ton of mine ore treated, so that the total operat- 
ing costs nre not in excess of 8 cts. per ton when operated on the basis of 
3000 tons per day. Intermittent operations can be conducted, provided 
provision be made to keep the medium in circulation to prevent excessive 
settling in both the cone and the tanks. 

‘The purification of the medium washed from the tailings and concentrates 
is carried out at Mascot by tabling for the removal of sands and classification 
by decantation for disposing of the colloidal slimes entering with the feed, 

Capital costs are not high, approximately $35 per ton-day for complete 
installation, excluding ore crushing but including building. This costis 
based on 2000 to 3000 tons per day capacity. 


SAMPLING 
BY J. W. STILLMAN 


ls: T. General Principles Involved, Metal Ind. 
id., 609-612; 111, Sampling of 
8); IV. Sampling of Сон], 
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Sampling is the process of obtaining a small amount of material which 
shall be as nearly representative as possible of the whole mass of material 
which is being considered. This process usually is made up of several separate 
steps: (1) the collection of a comparatively large amount of material which 
has been selected in a systematic manner from different parts of the mass; 
(2) if the material is composed of solid particles, the crushing and grinding 
of the portion collected as described under (1) in order to reduce the size of 
aggregates and to provide a certain amount of mixin, ind (3) the separation 
of this comparatively large portion into two parts by subdivision, such as by 
quartering, so that one part provides sufficient material for the required analy- 
sis or test and nt the same time has the same average composition as the large 
portion before subdivision. 

Since the final sample is in most eases to be used for test purposes the 
results of which will determine the use to which the entire mass may be put, 
it is obvious that all precautions which aid in making this sample representa- 
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tive of the original material are thoroughly justified. An analysis or test, 
however efficiently it is carried out, will be rendered valueless if the sample 
has been improperly taken or prepared. Methods of sampling have been 
devised with due consideration for the laws of probability and of averages. 
They should be applied by someone who understands the scientific aspects of 
sampling and who comprehends the objectives of the analysis or test to bo 
made on the sample. Any directions which are given here are intended to 
supplement, the experience of the sampler and guide him in selecting methods 
which are applicable. 

In taking the gross sample, careful consideration should be given to the 
bresent condition of the material. Such questions as the following should be 
Answered and will decide the number and location of portions to be taken to 
provide the gross sample: 

Is the surface layer the same as the mass underneath or has it beon changed 
hy exposure to the weather or other external conditions? Has there been 
segregation of coarse and fine particles or of materials of different specific 
Eravities? Ti the material has been transported has there been segregation? 
When the material is a mixture of liquids, or of liquids and solids, there is a 
tendency to segregation. 

"These questions call attention to some of the difficulties which have to be 
Overcome in sampling heterogeneous materials. Only homogeneous materials 
of which very few are met in practice can be sampled at random and a тер 
sentative portion obtained. 

Once the gross sample has been collected, the amount of material actually 
required for the analysis determines the extent to which grinding, mixing, 
and subdivision shall be carried. Just as much саге is required in these 
Operations as for assembling the gross sample. 

Where materials are bought and sold on specification, both buyer and 
seller are interested in obtaining an estimate of the material with respect 
lo its specified properties. It is the customary practice to have the sampling 
done under conditions set by agreement. At one time, samples are taken for 
the buyer and seller and one or two extra portions are retained for referee 
Samples in ense of disagreement between the buyer and seller. It simplifies 
matters in such cases to take one gross sample and then prepare the necessary 
small portions at the same time and under identical conditions. 

As has already been mentioned, it is easy to sample only in the case of 
homogeneous materials such as gases, true solutions, and finely divided solids. 
‘The dificult, problems of sampling are encountered with solid materials which 
are practically always heterogeneous in nature, and hence this general discus- 
sion is concerned mainly with solids. Liquids and gases will be taken up in 
Special paragraphs below. If а material can be rendered homogeneous by 
thorough mixing, then any part of it сап be taken ns a representative sample, 
Usually, however, with solid particles the attainment of homogeneity is 
difficult if not impossible, and, for that reason, in practice the different meth- 
ods of sampling described below are necessary 

During the transportation of material in railroad сата, trucks, and the 
like, the finer materials tend te settle to the bottom leaving the larger particles 
9n top. Certain materials are subject to oxidation when exposed to the air. 
The resulting oxide will, of course, be greater in amount on the surface of the 
mass of material, At the same time, if this oxide is а fine powder which is 
easily removed, it will penetrate to a greater or less extent into the pile of 
material aa the result of erosion. These examples are typical of many heter- 
geneous materials which are encountered in practice, and the methods of 
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sampling must ђе so designed that аз far 2s possible the relative proportions 
of coarse and fine, of metal and oxide, ete., will be the same in the gross sample 
and in the mass of material. Once having collected the gross sample it сан 
be crushed, ground, shredded, ete., to provide a more homogeneous mass for 
subdivision to the final sample. The greater the difference in size or other 
characteristics between the components of the material, the larger should be 
the gross sample taken. 

When it is necessary to combine samples to make a representative com- 
posite sample, weights of the portions entering into the composite must bear 
the same ratio to each other as do the weights of the initial materials sampled. 


Methods of Sampling 

Sampling is carried out according to two general methods: hand sampling 
and mechanical or automatic sampling. The former, as its name implies, 
involves the taking of the sample by an operator using a simple tool for the 
purpose. On large lots this method is slow and expensive and in all cases 
puts great responsibility on the individual operator. In mechanical sampling 
a certain predetermined portion of the material is taken continuously or at 
regular intervals. 

Grab Sampling. Grab sampling is the simplest method of sumpling and 
is subject to the greatest inaccuracy. It consists in taking small equal por- 
tions, either at random or at regular intervals, by hand or with a scoop ог 
shovel. The advantages of grab sampling are its economy and the speed with 
which it may be carried out. ‘The disadvantage is that it is difficult to have 
all components truly represented when small portions are taken, especially 
if the material is lumpy or the sizes of particles are not uniform. The smaller 
the particles of the material to be sampled by this method the more accurate 
will be the sample. In general, grab sampling should be applied only when 
the material is as homogeneous as possible and only when approximate accu- 
racy is required. The following typical examples of grab sampling may be 
indicative of the usefulness of this method: (1) In unloading a tank car of acid» 
a side-arm outlet from the main unloading pipe is opened, suy every 2 min 
and в small portion of 50 to 100 сс. allowed to run out into a container. This 
method will give for an ordinary tank car a gross sample of approximately 
5 gal. which may be thoroughly mixed and reduced to the proper amount for 
analysis. (2) Аз a mixed fertilizer, ready for bagging, passes down a chute 
to a bin, à portion may be taken periodically with а scoop and the accumulated 
sample for the day mixed and worked up for analysis. (3) A large pile of 
material may be sampled by taking a shovel or scoop full at different part 
of the entire exposed surface of the pile. The points where portions are taken 
should be spaced at regular intervals and one method of laying out a pile for 
sampling is to use a rope with knots tied in it at regular intervals correspond- 
ing to the distance between locations for sampling. ‘The rope is thrown 
across the pile and a portion taken from directly below each knot. If the 
character of the material in the pile varies with the depth, a better plan is to 
take samples at regular intervals over the new face of the pile which is forme’ 
as the material is being moved away. The resulting gross sample is sub- 
divided in the usual ws 

‘The following methods of grab sampling are abstracted from the Journal 
of Industrial and Engineering Chemistry, 1, 107 (1909) and describe method’ 
employed by the U. 8. Steel Corporation. 

Car Sampling. Samples must be taken uniformly over the surface of 
ears by selecting a minimum of 15 places at regular intervals. These may 


MECHANICAL SEPARATIONS 


SAMPLING 1749 


be selected according to the parallel or zigzag system. If the former is 
adopted, a convenient method is to use a net with the intersecting ropes 
knotted at the desired locations for sampling. А sample is taken below each 
knot. In the zigzag system, samples are taken at regular intervals along а. 
line drawn from one corner of the car across to a point on the opposite side 
about one-third of the car length from the starting point, then back to the 
other side at a point about two-thirds of the car length from the starting point, 
And then across the car to the corner diagonally opposite the first corner. 

When lumps are encountered at the designated points where samples are 
to be taken, small portions of each lump must be chipped ой. When rock 
Occurs it must also be sampled as ore, ùe., a proportionate amount of it must 
be taken, representing the area for which the sample is taken, together with 
ап amount of adjacent material to bring the whole to the amount taken аб 
each sampling point, A gross sample is taken for each 10 cars or less. 

Boat Sampling. If the material is located in cone-shaped piles, portions 
аге taken at regular intervals (about one shovel length apart) starting at a 
point about two shovel lengths from the side of the boat and proceeding along 
а line up across the apex of the cone and down the opposite side. 

When a certain amount of material has been unloaded leaving the remainder 
With в newly exposed face, samples сап be taken at regular intervals on this 
face. Starting at а distance of two shovel lengths from the side of the boat, 
the sampler proceeds up the face of the pile taking a sample at every shovel 
length up to the top. The next vertical line is measured four shovel lengths 
tom the first, and in a similar manner the whole face is covered, 

Round Sampling. In round sampling, one-third of the gross sample is 
taken, after 5 or 6 ft. of the face of the material has been exposed, in the 
manner described in the above paragraph. When the grabs have removed 
all of the material which can be reached, a second round of portions comprising 
two-thirds of the gross sample is taken along the face or faces which remain. 

Coning and Quartering. Coning and quartering is one of the most 
familiar forms of hand sampling and is used generally in subdividing a gross 
Sample to give the retained portion. It may be used on lots of material 
mounting to not. more than 50 tons in which the particles do not exceed 2 
in. in diameter. The method may be described as follows: The material 
to be sampled is piled into а conical heap and then spread out into a circular 
cake. The cake is divided into quarters, and two of the diagonally opposite 
Quarters are taken as the sample while the two remaining quarters are 
rejected. The two quarters taken as a sample are collected together and 
the procedure of coning and quartering repeated until a lot of the material 
of the desired size is obtained. A complete discussion of the application of 
foning and quartering together with illustrations of the different steps is given 
m . 1 and p. 1753. 

During these operations care should be taken that the material is not 
Contaminated by anything on the floor or that part of the sample is not lost 
through cracks or openings in the floor. Preferably the floor should be swept 
clean and the operation of coning and quartering carried out with the floor 
covered with paper or some other suitable material. The advantages of 
Soning and quartering are that few,tools are required to carry out the method 
and the procedure is applicable to all kinds of solid materials. Among the 
disadvantages of this method are that it is expensive because frequent han- 
dling of the material is required and that it does not give an accurately repre- 
sentative sample. The larger sizes of material roll down the sides of the 
сове and collect around the base, while pieces of intermediate size arrange 
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NOTE 
Select a Hard, Clean. 
Surface,Free of Cracks 
land protected from 
Rain, Snow, Wind and. 
Beating Sun. Do not let 
Cinders, Sand, Chippings} 
from Floor or any 
ofher Foreign Matter 
Кш info the Sample. 
rotect Sample from 
loss or gain in moisture 


method by coning and quartering. 
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themselves on the slope of the pile according to their size with the large 
particles nearer the bottom and the small particles nearer the top. Extreme 
сате must, be taken in flattening the cone and in quartering the cake so that 
the resulting material is representative of the mass and that one size has not 
been segregated. 

Shovel Sampling. Shovel sampling is applied when a material is being 
shipped or is being moved from one location to another. The method con- 
sista in taking for the sample every alternate or third, fourth, fifth, ete., 
shovelful. Common practice is to take the fifth or the tenth shovelful as the 
sample. This method can also be used for subdividing the gross sample to 
obtain the proper size for analysis. In the description of the sampling of 
coal, given below, illustrations show the combined application of shovel 
sampling, and coning and quartering. 

‘The advantages of shovel sampling are that it can be applied to large lots 
of material. It is cheaper, quicker, and requires less space than coning and 
quartering. It tends to be more accurate through taking more portions in 
collecting the gross sample. Its disadvantages are that it is subject to manip- 
ulation by the sampler and it eannot be used if the lumps exceed 2 in. in 
diameter. 

Pipe Sampling. А pipe or metal tube is used for pipe sampling and is 
forced down into the mass of material and, on being removed, brings out а 
core of the material for the sample. 14 is applicable only to finely divided 
materials which will permit the pipe to be driven into the mass. А typical 
tool of this class is the grain sampler. It consists of two metal tubes, one of 
which fits tightly inside the other. The tubes have slits about one-half inch 
wide on one side for the whole length. By rotating the inner tube, the slits 
сап be opened or closed at will. The sampler ів pointed at the lower end 
and is inserted into the mass of material with the slits closed. After having 
reached the desired depth, the slits are opened and the material flows in. 
‘The slits are closed und the sampler is removed carrying а cross-section sample 
of the material. 

Mechanical Sampling. It is not possible here to describe the devices 
which are availuble for the automatic sampling of materials. Mechanical 
sampling is an advantage where large amounts of materials of one kind are 
being continually handled. Тһе usual method of mechanical sampling is to 
take all of the material part of the time rather than part of the material all 
of the time because of lack of uniformity in the stream of material. 

One type of apparatus has а narrow-mouth bucket pass through the stream 
of material at a uniform speed. The number of times that the bucket should 
cut the stream per hour depends upon the uniformity of the material and the 
size of sample desired. If the size of sample is to be reduced by further 
splitting, the material should be crushed and mixed between each split unless 
it is fine before starting to sample. 


The above methods of sampling apply in general to solid materials, and in 
addition to these we have the following methods which apply to the sampling 
of liquids: 


Bottle or Beaker Sampliny A bottle or larger container called a beaker 
are used for the type of sampling known by their names: The opening in 
the bottle is closed by a tight-fitting stopper which can be removed by means 
of a wire when the container is submerged in the liquid. The bottle is fas- 
tened to a pole and dipped into the liquid to the desired level when the stopper 
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is removed and the liquid flows in. This method is applicable to tanks, tank 
cars, tank trucks, ship tanks, ete. 

j, Continuous Liquid Sampling. Continuous sampling is applied to pipe 
ines, filling lines, transfer lines, ete. А pipe of small bore with a spigot 
on iis outer end is inserted through the wall of the pipe line and in this way 
а small part of the liquid stream is diverted for a sample. Since the flow 
of a stream is not uniform at different points along the cross section of the 
Pipe, it is customary to insert three small pipes each for a different distance 
‘within the pipe, thus obtaining a more uniform sample. A sample amounting 
to 0.1 per cent of the material flowing in the pipe should be taken, but the 
Eross sample should not be over 40 gal. 

Dipper Sampling. Dipper sampling is applied where there is a free flow 
Ог open discharge of a stream. By the grab-sampling method the full cross 
“ection of the stream is collected at intervals with a dipper which should hold 
1 qt, Again the gross sample should amount to 0.1 per cent of the flow. 

Thief Sampling. In sampling liquids a long tube or "thief" is often 
080, А typical thief is 3 ft. long, 14 in. in diameter, and tapered at the 
lower end to an opening 36 in. in diameter. It may be constructed of glass 
or metal. Тһе thief is introduced into the container for the full depth of 
the liquid with the upper opening of the tube closed by the thumb. The 
thumb is released and the liquid flows into the thief. Closing the tube again 
With the thumb, the thief is withdrawn with the sample. This method of 
Sampling is applicable to cans, drums, barrels, tanks, ete. For large tanks а 
Special sampler similar to a thief sampler may be used. ‘This has a valve 
Which closes the lower end of the tube and which is opened when the sampler 
touches the bottom of the tank and is closed when the sampler is raised. 


Practical Methods Employed in Different Industries 


Tt is not possible here to discuss adequately the sampling of every material 
ûr even to give the best method of carrying out any particular sampling opera- 
tion. "The materials for which sampling procedures are outlined below are 
selected as being typical of those met in practice, and the procedures will serve 
ав guides for use under similar conditions. 

Coal. The sampling of this commodity will be described in some detail 
because it still is one of the essential raw materials. 

At the Mine. ‘The U. 8. Bureau of Mines recommends the following 
Drocedure: 


Clean away all foreign material from the face to be sampled for a width of 5 ft, Cut 
Away the coal from floor to roof for a width of 1 ft, and to а depth of 1 in. Discard 
the cuttings, In taking the sample, everything should go into it that would ко into 
ordinary production, In the same way exclude anything ordinarily discarded. Sam- 
Pling cut: Perpendicular eut 2 in. deep and 6 in. wide (or 3 in. deep and 4 in. wide in soft 
fouls) from roof to floor down the center of the cut previously made. The cut should 
be uniform in width and depth, and enough cos] should be cut to give a sample weighing 
© lb. for ech foot of seam thickness. Sample is then crushed and screened, mixed, 
Soned, and quartered. 


Ав Delivered. The following is abstracted from the A. 


Т.М. procedure 
for sampling coal 


Gross samples of the quantities designated must be taken whether the coal to bo 
sampled consists of a few tons or several hundred tons because of the following catdinal 
Principle іп sampling coal that must be recognized and understood; that is, the effect 
of the chance inclusion or exclusion of too many ог too few pieces of slate or other 
impurities in what or from what would otherwise have been a representative sample 


1754 MECHANICAL SEPARATIONS 


will cause the analysis to be in error accordingly, regardless of the tonnage sampled: 

ог example, the chance inclusion or exclusion of 10 Ib. too much or too little of impu 
rities in or from an otherwise representative sample of 100 1b. would cause the analysis 
to show an error in ash content and in heat units of approximately 10 per cent where 
for a 1000-Ib. sample the effect would be approximately only 1 per cent, being the ваше 
whether the sample is collected from а one-ton lot or from a lot consisting of several 
hundred tons, 


Coal should be sampled as it is being loaded or unloaded from railroad car 
ог other conveyances, or when discharged from bins, ete. Samples from the 
surface of piles or bins are generally unreliable. To collect samples, a shovel 
or similar tool shall be used to take equal portions. For small sizes of coal, 
increments of 5 to 10 Ib. may be taken, but, with lump or run-of-the-mine coal, 
increments should be at least 10 to 301b. The increments shall be regularly 
and systematically collected so that the entire quantity of coal sampled will 
be represented proportionately in the gross sample, and with such frequency 
that а gross sample of the required amount shall be collected, The standard 
gross sample shall be not less than 1000 Ib. except that for slack coal and small 
sizes of anthracite, when impurities are not present in abnormal quantities, 
а gross sample of approximately 500 lb. shall be considered sufficient, If tho 
coal contains an unusual amount of impurities, a gross sample of 1500 Ib. 
ог more shall be collected, ‘The gross sample should contain the same pro- 
portion of lump coal, fine coal, and impurities as contained in the mass. А 
gross sample should be taken for every 500 tons or less unless special agree- 
ment is made otherwise. 
fter the gross sample has been collected, it shall be systematically crushed, 
ed, and reduced in quantity to convenient size for the transmission to the 
laboratory. The sample should be protected from loss or contamination 
during these operations. ‘The progressive reduction in the weight of the 
sample to the quantities given in Table 1 shall be carried out according to 
the steps which are illustrated in Fig. 1 (Plate У, U. S. Bur. Mines, Bull. 
116). 


Table 1 
Largest Size of Coal 
and Impuri 
Weight of Sample to Allowable in Sample 
Be Divided, Lb. before Division, In. 
1000, or over 1 
500 x 
250 dy 
125 м 
60 ы 
30 Ma, or to 


pass a 4760-micron 
(No. 4) sieve. 


If it is necessary to sample a carload of coal before it is unloaded, cut а 
trench 2 ft, wide by 2 ft. deep along the two center axes of the car. The 
sample is then taken at intervals along the newly exposed faces and bottoms 
of the trenches 

Sampling of Coal Which Is Classified According to Ash Content. 
Statistical studies of the sampling of coal have shown that it is not alway 
necessary to take as large gross samples as are specified above in order to 
obtain a reasonable accuracy in the test to be made. These studies have also 
shown that the ash content is a satisfactory eriterion for the classification 
of coals, The Brit. Standards Inst. and the А 
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Set up tables showing the size of gross sample to be taken for different coals 
Classified according to ash content and according to size. The А.Б.Т.М. 
method provides two procedures, one for special accuracy and one which in 
95 cases out of 100 will give an accuracy of +10 per cent in the ash content. 
As this new method of selecting the size of sample becomes familiar, it will 
по doubt displace the older method described above. 

Iron Ore. Piles. Divide surface of pile into equal areas and select equal 
volume of material from each area. 1 all fines, select portion from center 
of area, From all lumps break off small pieces. From lumps and fines take 
Proper proportion of both. Pile should be sampled at intervals of 2 to 10 ft. 
AS suggested above, a rope with knots tied in it is convenient for locating 
sampling spots. 

Сага. A minimum of 24 samples should be taken. Composites may be 
made to include up to 10 cars. 

Boats. One-half pound samples may be taken at several points below and 
at equal distance from the apex of conical piles; or at intervals along newly 
exposed faces as ore is unloaded. 

Pig Iron. In Purnace. Sampled while molten with spoon or ladle and 
poured into mold or on an iron plate. A sample is taken from the middle 
of each ladle of iron in the cast. Equal quantities from each portion are 
combined into one sample. Test pieces may be drilled or crushed. 

From Car or Storage. One pig is taken for every 4 tons iron. If sows or 
soraggy pieces go into the steel-making furnace, they should be sampled in 
correct proportion. Otherwise they are not taken. The surface is cleaned 
by grinding and drilled with 3¢-in. drill through a metal cover to prevent 
contamination, The drillings are combined, weighed, and sieved through 
80- and 120-mesh screens. The sample when weighed out is taken from the 
three sizes, classified by the sieves in proportion to their total weight. 

Steel. One sample per hent is taken at a time when one-half has been 
poured by holding a spoon under the stream from the ladle while it is slack- 
ened, The sample is poured into a mold and drilled with 34-in. drill, All 
drillings are discarded until the outer edge of the drill is buried. 

Metals and Alloys. In general, metals and alloys are sampled by drilling. 
with a 16-іп, drill, using no lubricant. Any surface contamination should be 
removed and discarded before the sample is collected. It is often convenient 
to use a template in order that the peice ean be drilled in a systematic manner. 

Cement. According to the A.S.T.M. recommendations: 

For Individual Samples. If sampled in cars, one test sample shall be taken from 
each 50 БЫ, or less. If sampled in bins, one sample shall represent each 200 bbl. 

For Composite Samples. If sampled in cars, one sample shall be taken from one 
sack in each 40 sacks (or 1 bbl. in each 10 БЫ.) and combined to form one teat sample. 
Tf sampled in bins or warehouses, one test sample shall represent not more than 200 bbl. 


Soft Solids. Three sets of borings J4-in. in diameter are taken through 
the depth of the material. 

Lumpy Solids, Sample taken by the grab method taking approximately 
0.1 per cent of the lot but not less than 50 Ib. nor more than 1000 Ib. 

Petroleum Products.* For Tanks and Tank Cars. Four types of liquid 
Samples are recognized: all-level sample, upper sample, middle sample, and 
lower sample, An allevel sample is obtained when a bottle unstoppered 
is lowered through the liquid to the bottom and back to the surface at such з 
rate that the bottle is just filled when it reaches the surface. Samples at 
the different levels are taken by lowering a stoppered bottle to the desired 

* Abstracted from recommendations of the A.S.T.M. D 270-33. 
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level, releasing the stopper and allowing the liquid at that level to fill the 
bottle. A sample taken at a point 10 per cent below the top is an upper 
sample and a sample taken at а point 10 per cent above the bottom is a lower 
sample. The middle sample is taken at a depth of 50 per cent. 

In making a composite sample for a tank, samples from the different levels 
should be combined as shown in Table 2. 


Table 2 
Vesels of | Horizontal 
uniform cylindrical 


ечи мейш | tan (ll) 


Upper... | pat | 1р 
Middle | {и | брат 
Lower.. | та 1 part 


Individual samples taken with a beaker, bottle, or dipper should amount 
ta1 qt. Composite samples should be 5 qt. for vessels of uniform cross section 
and 10 at. for horizontal cylindrical tanks. Gross liquid mixed-cargo samples 
are taken from the various ship’s tanks in multiples of 5 or 10 qt. depending 
upon the shape of the tank. Liquid samples taken by the continuous or 
dipper method should be 0.1 per cent of the amount shipped but not less than 
5 gal. nor more than 40 gal. 

For Pipe Lines. The method of continuous sampling described on p. 1753 
15 used most frequently in the petroleum industry for the sampling of materials 
flowing in pipe lines. If the material to be sampled is semiliquid, the lines 
and receiver are warmed to keep the material just above the liquefying 
temperature. "The gross continuous sample, a« collected and amounting to 
not over 40 gal. as specified above, is thoroughly mixed and sampled with a 
thief to get a 1 at. sample. 

Lacquer Solvents. From a tank car, в lj-gal. gross sample in small 
portions of not over 1 qt. each is taken from near the top and near the bottom 
using the bottle method. 

From drums, nt least 5 per cent of the packages are sampled using a thief 
at center of the drum and taking not less than 14 pt. from each drum. Grosa 
sample should be not less than 1 qt. 

Water. Reacrooir. А stoppered bottle is submerged to the required 
depth and the stopper released. he bottle should be rinsed several times 
before the sample is taken. 

Stream. Immerse the bottle in the stream making an effort not to disturb 
silt or other solid material on bottom or sides. 

For bacteriological tests the sample should be collected in a bottle which 
has been thoroughly sterilized by steaming, and special precautions should 
be taken that the sample is not contaminated. 

Molten Metal. Dip the sample with а ladle, breaking through the slag 
and holding the ladle until it reaches the temperature of the mass. 

Gases. The sampling of gases is comparatively easy, as in many cases 
they are homogeneous. Two kinds of samples are recognised: accumulative, 
which is taken continuously over a period of time (1g hr. to 24 hr.); and con- 
trol, which is taken for less than 16 hr. 

Where а. gas is known to be homogeneous in the cross section, the sample 
may be withdrawn through a pet cock inserted in the wall of the container. 
И the gas is under pressure, the sample may be released through the pet cock. 
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Otherwise it may be withdrawn by means of an aspirator bottle, filled with 
Water, mercury, or other suitable liquid. 

Flue Gas. If one constituent of flue gas, as for example CO», is to be 
determined continuously and automatically, a permanent fixture is con- 
nected in the flue to conduct the gas to the СО; recorder. 

If a complete analysis of the gas is to be made, consideration must be given 
to the fact that the gases move with different velocities at different points in 
the cross section of the flue. For sampling the gas under such conditions, а 
perforated pipe is used which enters the flue with an air-tight connection 
and extends entirely across the flue. Perforations in the pipe should be equal 
distances apart and to obtain an equal flow through all openings, their com- 
bined area should be less than the cross-sectional area of the pipe—3:4 being 
Considered а safe ratio. The gas is then withdrawn through the pipe by 
means of suction until the desired sample has been collected. 

Air or Gas in Confined Space. Fill а 2-oz. bottle with mercury, let 
stand for 2 min., and then pour the mercury back into the stock bottle thus 
filling the bottle with air at that spot. 

Tn special cases where an instantaneous undiluted sample is required, an 
evacuated tube is used. The tube is pumped out and the stopcock is opened 
Where the sample is to be taken. 

Dust- or Fume-laden Air, The air is filtered through a specially pre- 
Pared filter such as a Gooch crucible containing filter paper, and the residue 
obtained from a known volume of air is weighed. Ог the air may be projected 
Оп a glass slide with some means of causing the dust to adhere with suitable 
Provision for observing the increase in the deposit. 


GENERAL RULES FOR SAMPLING 


1, Sample to be taken by or under direct supervision of a person qualified 
hy experience to recognize that sample is satisfactory for the subsequent test 
to be made. 

„2. Select the most appropriate method of sampling with due regard to the 
kind of material and the conditions of storage or handling. 

3. Watch for special conditions which make for non-homogeneity in the 
material such as weathering of the outside of a pile of material, segregation 
9f sizes, ог more than one layer in liquids. 

,, 4. Take all necessary precautions to avoid contamination of sample after 
it has been take 

5. Label the sample clearly 
Source from which it was taken. 


th all necessary information to designate the 


CRYSTALLIZATION 
BY WARREN L. McCABE 


Crystallization, as an industrial process, is important beeause of the great 
variety of materials that are marketed in the crystalline form. Its wide use 
is due basically to the fact that a crystal forming from an impure solution 
is itself pure (except when mixed crystals form), and crystallization affords 
а practical method of obtaining concentrated chemical substances in a form 
both pure and attractive and in satisfactory condition for packaging, handling, 
and storing. 

Commercial Importance of Crystal Size and Shape. If is obvious 
that yield and purity are of importance in operating a crystallization process, 
but these two factors are not the only factors to be considered. The size, 
and often the shape, of the crystals is important; it is especially necessary 
that the crystals be of uniform size. Uniformity of size is important for 
satisfactory appearance and tends to prevent caking, allows easy washing, 
and results in uniform behavior in use. Large crystals are often demanded, 
although such demands are not usually justified by any real advantage of 
large crystals as compared to medium sized ones, In some cases a definite 
shape is also required (i.e., needles rather than plates or cubes). 


THEORY OF CRYSTALLIZATION 

A crystal is the most highly organized type of non-living matter. It is 
characterized by the fact that its constituent parts (atoms or ions) aré 
arranged in orderly array in so-called space lattices. The internton 
distances in a crystal of any definite material are constant and characteristic 
of the material. 

Crystal Forms. Law of Haüy. As а result of the space-lattice arrange- 
ment of the atoms composing them, crystals, allowed to form without 
hindrance from outside bodies, appear in definite polyhedral shapes and 
exhibit varying degrees of вупте It has been found that, although the 
relative development of the different faces of two erystals of the same material 
may be widely different, the interfacial angles of corresponding faces of the 
two crystals are all equal and characteristic of that substance, This is the 
Law of Наву. 

Isomorphism. A generalization that for some time seemed at variance 
with Haüy's law is the law of isomorphism, which states that in certain series 
of chemically similar substances the crystals are of the me crystalline 
form. Until refined methods were available for the measurement of crystal 
angles it was thought that isomorphic materials gave crystals with the same 
angles. It has been established, however, that there are small but regular 
differences in the corresponding angles of isomorphous substances. These 
differences are of the same sort that exist among other properties of elements 
in the same periodic group. 

Crystallographic Systems. Since the crystals of a definite substance 
all show the same interfacial angles in spite of wide differences in the extent of 
development of the faces, crystal forms are classified on the basis of the 
angles. For example, consider a definite crystal. Take a point and draw 
lines through this point normal to the faces of the crystal, or to the faces 
produced. The resulting sheaf of lines is a function of the crystal angles, 
and the form of the erystal is reflected in the orientation of the lines in this 
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sheaf. Choose three important faces as axial planes. These faces are always 
taken parallel to planes of symmetry, if there be such. The three inter- 
Sections of the axial planes determine three non-parallel lines, and the three 
lines parallel to these intersections drawn through an arbitrary point of 
intersection are called the axes of the crystal. These axes may be all mutually 
Perpendicular; two of ther be perpendicular to the third, but, n 

perpendicular to each othe: y may be equally inclined to each other, 
with the angle of inclination different from 90 or 60 deg.; or they may be 
mutually inclined with three different angles, all differing from 90 or 60 deg, 

In addition to the three axial faces, a fourth fundamental face, intersecting 
the three axes, is chosen. The lengths of the segments so cut off from the 
three axes are expressed as ratios, the length of one of them being taken as 
unity. The lengths of the axes so determined may be equal for all axes; 
equal for two axes, but unequal for the third; or unequal for all three. 

One class of crystals, showing a hexagonal cross section with 60-deg. angles 
between normals to the hexagonal sides, is most conveniently referred to 
four axes instead of the usual three. Three of the axes are at 60 deg. to each 
other and in the same plane, and the fourth is perpendicular to the plane of 
the other three, 

‘The combinations of angles and lengths of the axes give rise to seven 
classes of crystals. These classes are: 


1. The Triclinic System. Three mutually inclined and unequal axes, all three 
Angles unequal, and other thun 90, 00, or 30 deg. 

3. The Monoclinic System. ‘Three unequal axes, two of which aro inclined, but 
the third is perpendicular to the other two. 

3. The Orthorhombic System. Three unequal rectangular axes, 

„4. The Tetragonal System. Three rectangular axes, two of which are equal and 
different in length from the third. 

5. The Trigonal System. Three equal and equally inclined axes, 

6. The Hexagonal Syatem. Three equal coplanar axes, inclined to 60 deg. to 
tach other, and а fourth axis different in length from the other three and perpendicular 
о the 

1, The Cubic System. ‘Three equal rectangular axes. 


Liquid Crystals. While most substances are obtained in one (or more) 
crystalline forms, us liquid, and as vapor, some organic substances form 
another phase intermediate between crystal and liquid. This new phase is 
called the liquid-crystal phase. [See Friedel, Anm. phys, (9), 18, 272 
(1922) and also Alexander, “ Colloid Chemistr: Chap. 3, Reinhold Publish- 
ing Corp., New York, 19: Materials forming this phase melt at a definite 
temperature from a solid state to a cloudy viscous liquid, which, when 
further heated to some higher definite temperature, transformed to a clear 
limpid liquid, which is regarded as the true liquid phase. The liquid-crystal 
phase is birefringent, i.e., is anisotropic. The following substances are 
among the more than 250 substanees which form liquid crystals: ethyl 
Para-azoxybenzoate, ammonium oleate, para-azoxyphenetol, cholesteryl 
Acetate. 

Yield of a Crystallization Process. In many cases the process of 
crystallization is slow and the final mother liquor is in contact with a suffi- 
ciently large crystal surface so that the concentration of the mother liquor is 
substantially that of a saturated solution at the final temperature of the 
Process. In such a case the yield of the process is calculated from the com- 
position of the initial solution and the solubility of the material at the final 
temperature. If appreciable evaporation has taken place during the process, 
this must, of course, be known or estimated. 
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Solubility data are ordinarily given as parts by weight of anhydrous 
materisl per 100 parts by weight of total solvent, whether the erop contains 
water of crystallization or not. 

When the rate of crystal growth is slow, a considerable time may be required 
to reach equilibrium. ‘This is especially true where the solution is very 
viscous, or where the crystals collect in the bottom of the vessel so there is 
little crystal surface exposed to the supersaturated solution. In such cases 
the final mother liquor from the process may retain appreciable supersatura- 
tion, and the actual yield will be less than that calculated from the solubility 
curve unless considerable time is allowed for equilibrium to be reached. At 
any rate, the assumption that the mother liquor is а saturated solution gives 
the maximum yield of crystals that can be expected. The actual crop, after 
removal from the crystallizer, will in general retain some adhering mother 
liquor, which will give an increased weight. 

In case the solid product is in the anhydrous form, 
yield is simple since the solid phase contains no wat 

When the crop is hydrated, account must be taken of the water of crystal- 
lization in the crystals, since this water is withdrawn from the mother liquor 
and is not available for retaining the solute in solution. 

The following formula can be used to calculate the theoretical yield of а 
crystallization process. It is valid for either hydrated or anhydrous crystals 
and assumes only that the mother liquor is saturated with solute at the final 
temperature, though this lust restriction is removed if S (see below) is taken. 
as the actual concentration of solute in the mother liquor at the end of the 
process, Equation (1) gives the weight of crystals as they exist in the final 
magma. 
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the calculation of the 


100: — S(Ho — E) 


=F T00 = sik —1) 


а) 
where С = weight of crystals in final magma. 

в = molecular weight of hydrated solute 

molecular weight of anhydrous solute 

S = solubility (parts by weight anhydrous solute per 100 parts by 
weight total solvent) of material at final temperature. 
weight of anhydrous solute in original batch. 
total weight of solvent in batch at the beginning of the proc 
evaporation during the process. 


а, 


Example 1, А 30 per cent solution of Na:COs weighing 10,000 Ib. is cooled slowly 
to 20°С. The crystals formed are варзода (МагСО».10Н:0). The solubility of 
Na:COs at 20°С. is 21.5 parts of anhydrous salt per 100 parts of water. During cooling 
3 per cent of the weight of the original solution is lost by evaporation. What 1з th 
weight of NnsCOs.10H20 formed? 

Solution. Since the molecular weight of NasCOs.10H20 is 286.2, and that of Nu:COs 
is 106, Ё = 286,2/106.0 = 2.70. Also, we = (0.30) (10,000) = 3000 Ib.; the evaporation 
а (0.03) (10,000) = 300 Ib.; and, therefore, Ilo — Е = 10,000 — 3000 — 300 = 670010. 
The weight of the егор is, by Eq. (1) 


The solubility data available in the literature are often old and inexact, 
even for pure substances, Solubilities may be influenced by impurities and 
by variations in the pH of the solution. Slight errors in the solubility of 
heavily hydrated solutes are sometimes magnified into larger errors in the 


= 6540 1b. 
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talculated yields of such salts. If the yield of a crystallization process must 
е known with considerable precision, it is desirable to determine the solu- 
bility experimentally for the actual solute and solvent involved. 
> Purity of the Product. Although a crystal itself is necessarily pure, 
it retains mother liquor when removed from the final magma, and the adhering 
mother liquor will carry its share of the impurities present in the mother 
liquor. If the retained mother liquor is dried on the crystal, contamination 
Will result 

In practice, crystals usually are centrifuged or filtered. Centrifuging 

leaves mother liquor amounting to 2 to 5 per cent of the weight of the crystal: 
Large, uniform crystals from low-visco: ity mother liquors will retain a mini 
mum proportion of mother liquor, while non-uniform, small crystals from 
Viscous solutions will retain а considerably larger proportion. Comparable 
statements apply to the filtration of crystals, It is common practice to 
Wash the crystals on the centrifuge or filter with fresh solvent; in principle 
Such washing can reduce impurities to below almost any arbitrary figure. 
Purity can also be improved by recrystalliaation, but this method is not 
Usually as satisfactory as that of properly washing the crystals. 
, Heat Effects in a Crystallization Process. The heat effect of a erystal- 
ization procesa is calculated by means of a heat balance. Such a balance 
tan be computed by two methods: the individual heat effects, such as sensible 
heats, latent heats, and heats of orystallization, can be computed and wom- 
bined into а balance equation, or an enthalpy balance can be taken in which 
the total enthalpy of all leaving streams minus the total enthalpy of all 
entering streams is equal to the heat absorbed from external sources by the 
Process, 

In the first method, the heat removed from the crystallizing solution by 
external means is equal to the sum of the sensible heat lost by the cooling 
Solution and the heat evolved in the formation of the crystalline crop (heat 
of crystallization) minus the radiation losses and minus the heat of vaporiza- 
lion of solvent evaporated during the process. 

Heat of Crystallization, In heat-balance calculations on crystallization 
Drocesses the hont of crystallization is usually important. The heat of 

rystallization is the latent heat accompanying the precipitation of crystals 
from а saturated solut Ordinarily the heat of crystallization is exother- 
mie; it varies with both concentration and temperature. Rigorously the 
heat of crystallization is related to the heat of dilution of the solution and the 

eat of solution of the crystal. The heat of solution is the heat evolved 
When n unit mass of solid is dissolved in а very large amount of water, and 
Such data are quite plentiful. A table of heats of solution is given on p. 1800. 
lenta of dilution, on the other hand, are scarce, especially for concentrated 
Solutions, and it is usual to use the negative value of the heat of solution for 
the hont of crystallization, This is equivalent to neglecting heats of dilution. 
Ordinarily, the heat of dilution is small in comparison with that of solution, 
and the approximation is justified. Furthermore, the neglect of the heat of 
dilution leads to в conservative result because the heat of dilution is usually 
а heat evolution by the solution. 


Example 2. ‘The heat absorbed when 1 g. mol of MgSO .TH«O is dissolved isothermally 
At 18°C, in a large amount of water is 3180 са]. (p. 1802). What is the heat of crystalliza- 
tion of 11b. of MgS01.7H20 if heat of solution effecta nre negligible? 

Solution, ‘The molecular weight of Mes 


HO is 246.5, Since 1 са], per g. mol 
(3180) (1.8) 


7 L8 B.tu. per Ib.-mol, the heat of crystallization of MgSO.7H:0 i: 


= 23 Вил, per Ib. 
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Enthalpy-concentration Chart. The enthalpy method 


of caloulating 


heat balances over crystallization processes is facilitated by the use of the 


enthalpy-concen- 
tration chart so 
constructed ва to 


show the solid 


phases [Boinjako- 


vié, 2. ges. Кайе- 


Ind., 39, 182 


(1932)]. This 


method rigorously 


accounts for the 


heats of dilution 


and is very simple 
arithmetically, 
once the chart has 
been constructed. 
‘The disadvantages 
of the enthalpy- 
concentration 
chart are as fol- 
lows: (1) consider- 
able data are 
required for its 
eonstruetion, and 
these data are of- 
ten not available; 
(2) the initial con- 
struction of the 
chart is time con- 
suming and not 
justified for a sin- 
gle calculation. 


Enthalpy Btu. per Pound Solution 


For substances 


commonly erystal- 


lized and for which 


adequate data are 


available, the en- 


thalpy-concen- 7180 | 


\ 


tration chart 


chart in heat-balance calculations involving solutions has be 
{McCabe, Trans. Am. Inst. Chem. Engra., 31, 129 (1935)]. 

enthalpies of the solid phases from zero to 50 per cent 
shown, and the diagram сап be correlated with the ordina: 
zram shown in Fig. 2. The line pa represents the freezing 


| | 

é | ] р 
has considerable — -200 | Mg S0, 
utility. | hi 7н;0—| 

An enthalpy- -79 3 

concentration | | 1 1] Гмаздеоньо > 
chart for the ву: 0 005 00 05 020 05 0% 055 040 045 0! 
tem MgSO,. О is Concentration-Weight Fraction Ма S0, 
shown in Fig. 1. Еш, 1.—Enthalpy-concentration chart for MgSO&H:0. 
The use of the For remainder of legend see page 1703. 


ееп described 
In Vig. 1 the 

MgSO. are 
ry phase dia- 
points of ice 
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peu of MgSO. Point а is the eutectic, and line abcdg is the 
solubility curve of ГТ 

Farious hydrates. RO ДЕЕ m 
ine ab is the solu- = 
bility curve for 200 Ў 
МЕЗО..12Н:0, be 

is the solubility 180 
curve for MgRO.- ta 
THO, ed is the 160 
solubility curve 
for Mg804.6H:0, 
and dg is а portion 
of the curve for 
MgSO, HO, The 
Area aep of Fig. 1 
represents the en- 


204: 


thalpies of all | Eut.+ Ma S04 м TES 
equilibrium mix- | 5] p 
tures of ice and 50, 3 z 
MgSO, solution. | Ñ ts} 
The isothermal CU S t 
(25°F.) triangle S h 


"Je gives the en- 
thalpies of all com- 


[f Mo 5041270 


e à 3 і | Masos | 
inations of ice 0 005 00 05 020 025. 030 035 040 045 050 
And partially во- Concentration, Weight Fraction, Ма $04. 


lidified eutectic кш, 
and of MgSO.- Г 
12H.O and partially solidified eutectic. Area abfg contains the enthalpy- 
Concentration coordinates of all magmas consisting of MgSQ.12H,0 
crystals and its mother liquor. The isothermal (35.7°F.) area bhf repre- 
sents the isothermal transformation of MgSO«7H:O to Mg8O.12H:0, 
and this area represents mixtures consisting of a saturated solution of con- 
centration 21 per cent, solid MgSO,.7H:O, and solid MgS0.12H:0. The 
area cihb represents all magmas of MgSO4.7H:O (Epsom salt) and its mother 
liquor. The isothermal (118.8°F.) area СЯ represents mixtures consisting 
of a saturated solution containing 35 per cent MgSOu, solid MgSOs.6HL0, 
and solid MgS0..7H:0. Area dlje represents magmas of MgS04.61H;0 and 
its mother liquor. The isothermal (154.4°F.) area dkl represents mixtures 
consisting of а saturated solution containing 37 per cent MgSO., solid МивО „= 
Н:0, and solid MgSOu.6H:O. Ares grkd is a part of the field representing 


—Phase diagram for Mg504.H:0. 


Legend for Figure 1 


pae = ice + solution 
аде = ice + eutectic solution, or MgS04.12H:0 + eutectic solution 


abfg = Мизо, 12650 + solution 


bhf = solution + MgSO.,7H:0 + MgS04.12H:0 
beih = MgSO..7H:0 + solution 
cji = solution + MgSOu.6H:0 + MgS07H:0 
dH = solution + MgSO..H:O + MgSO.GH:0 
dlje = MgSO6H3O + solution 
dkrg = MgSO. H:O + solution 
above pabedg m onl 


ice + eutectic, or eutectic + MgSO.12H:0 
Mg504.12H:0 + Mg8O..7H20 


below eg 
below fh 
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saturated solutions in equilibrium with МябО«.Н:О. Except for the 
therms in the liquid solution field and the solubility and freezing point curves, 
all lines on the enthalpy-concentration chart are straight. 

А useful basic construction applicable to all enthalpy-concentration 
charts is shown in Fig. 3. Ii the materials represented by points A and B 
in the chart are combined to form 
the material represented by C, the heat 
absorbed per unit weight of C is repre- 
sented by the vertical line segment C. 
measured above the straight line AB 
[Merkel, Z. v. deut. Ing., 72, 109 (1928)]. 


Example 8. 10,000. Ib, of a 32.5 per cent. 
MgSO: solution at. 120*F. is cooled without 
appreciable evaporati 
talliser, How much hea 
from the solution, and what 
МЕВО,ТНЕО crystals will form? 

Solution, The crystals and mother liquor 
are represented by terminals of the straight 
isothermal line for 70°F. in the field cihb of 
Fig. 1. The initial solution is represented 
by the point in the undersaturated solution 
field on the 120°F. isotherm at a concentra- 
tion of 0.825. The magma must have an Concentration 
average concentration of 0,325 and a tem- Ею. 3.—Basio construction, enthulpy- 
perature of 70°F, From Fig. 1, the coordi- concentration chart. 
nates of the four points are as follows 
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T 
| Cone. | Enthalpy 


Original solution | № |035 -3.0 
Crystals * EE | да E 
Mother liquor. 70 259 EE 
Magma | 7 325 E 


The heat, removed from the solution ix 
10,000(—33.0 + 784) = 454,000 ВА 


"The kame result is obtained if the “basic construction" i» used. The original solution 
сап be considered the result of a combination of mother liquor and crystals, and the 
vertical distance to the point of the original solutions above the line connecting the 
points representing the mother liquor and crystals is the heat absorbed due to such a 
combination, or the heat evolved from the separation of solution into orystals and mother 
liquor. 

The yield of crystals is easily obtained by applying the "lever-arm principle" com- 
monly used in ealeulations involving equilibrium diagrams, 


Weight of crystals = 10,000 0325 

Fractional Crystallization. When two or more solutes are present in 
a solution, it is often possible to erystallize one of the solutes and leave the 
others in solution. Usually, such fractional crystallization methods are 
based on differences in the solubilities of the solutes 

It is a highly important fact that the solubility of a material in а solution 
of another solute is, in general, quite widely different from its solubility in 
. Thus, the solubility of sodium chloride at 20°C. is 36 parts 
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per 100 parts water, and that of sodium nitrate is 88 parts per 100 parts 
Water, but a solution saturated at 20°C. with respect to both of these salts 
Will contain only 25 parts sodium chloride and 59 parts sodium nitrate per 
100 parts water. 

The mutual solubilities of the above two salts can be shown diagrammati- 
cally, asin Fig. 4. The solubilities are plotted for two different temperatures: 


line DEF is for 100°C., at which tem- nates of Points 
perature the solubility of NaCl is 40 ree Nor NO; ] 
Arts per 100 parts water, and that A 36 0 

of NaNOs is 176 parts per 100 parts B 0 88 
water, A solution saturated at 25 59 
100°С. with both salts contains 17 40 2 


parts NaCl and 160 parts NaNO, per 
100 parts water. Points D, E, and F 
ше plotted from these data, and, in 
the absence of more detailed data, 
the lines DE and ЕР are considered 
Straight. The line ACB is the corre- 
sponding solubility curve for 20°C., 
and the line ÆC shows the variation 
with temperature of the composition 

^ solution saturated with both 
mponents. (Badger and Baker 
Inorganio Chemical Technology," s 
р. 82 eGri New Yorl 
1028)" MeGraw-Hill,, "New, York, Parts Na NOs per 100 pts НО 

If в solution at 100°C. has а com- Ft 4.— Fractional erystallization of NaCl 


bosition represented by a point on the Saa КАНО 

line DE, {һе solution is saturated with respect to NaCl but not with respect 
to NaNO»; while, if the composition of the solution is represented by а point 
9n line EF, the solution is saturated with NaNO; but not with NaCl. (For 
8 detailed treatment of suc solubility relationships, see Blasdale " Equilibria 
in Saturated Salt Solutions," Reinhold, New York, 1927.) 


> © 


ot 


Parts NaCl per 100 pts H0 


ample 4. As an illustration of fractional crystallization, consider the separation 
Of NaNOs nnd NaCl from a solution saturated at 100°C. with both salts and therefore 
represented by point Æ. If a basis of 100 Ib. of water ia taken, the solution contains 17 
10. NaCl and 160 Ib, NaNO Suppose the solution is cooled to 20°C. The solution 
Pecomer supersaturated with respect to Na NOs, and crystallization of the latter should 
lake place, The composition of the solution moves along the path EG. At 20°C., if 
ff librium is reached, the composition of the solution is that represented by point G. 
tt т CB is considered straight, the abscissa of G can be calculated from similar triangles 
aa follows: 


17) 


[us - 683 


9) (2 


Parts NaNO: = 59 + 


On cooling along the line EG, there will separate 160 — 68.3 = 91.7 Ib. NaNOs, and 
all the NaCl will remain in solution. If the solution is now evaporated at 100°C. until 
the NaNOs concentration is brought back to 160 parts per 100 parts water, NaCl will 
he precipitated during the evaporation and oan ђе removed. The concentration of the 
solution will again be represented by point E, and the cycle repeated. Оп each cooli 
(917/160) (100) = 57.3 per cent of the nitrate in solution will crystallize, and, on end 
evaporation, the same percentage of the chloride will be precipitated, Various modifi- 
tations of the method ean be used. For example, the amount of water in the batch 
can be kept constant and the solution resaturated st 100°C. with fresh NaNO, after 
each cooling. The hot solvent will act as а selective solvent for the nitrate, since it is 
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verished in NaNOs, but saturated with respect to NaCl. Nitrate can therefore 
be dissolved and chloride left behind. The dissolved nitrate is recovered in the cooling 
part of the cycle. 


Another method of fractional crystallization is sometimes used, where 
advantage is taken of different crystallization rates. Thus, a solution 
saturated with borax and potassium chloride will, in the absence of borax 
seed crystals, precipitate only potassium chloride on rapid cooling. The 
Богах remains behind as a supersaturated solution, and the potassium 
chloride crystals can be removed before the slower borax crystallization 
starts. 


CRYSTAL FORMATION 

There are obviously two steps involved in the preparation of crystalline 
matter from а solution. The crystals must first form and then grow, The 
theory can therefore be conveniently considered under three heads: (1) the 
formation of crystalline nuclei, (2) their resulting growth, and (3) the inter- 
relation between formation and growth. 

Certain qualitative facts are apparent. If the concentrations of the 
initial solution and of the final mother liquor are fixed the total weight of 
the crystalline crop is also fixed. The distribution of this weight, however, 
will depend on the relationship of the two processes of formation and of 
growth. If new crystals form continuously and rapidly during the process, 
the crop will consist of many small crystals, while if but а few nuclei form at 
the start, and if the resulting precipitation occurs uniformly on these nuclei 
without secondary nucleus formation, а crop of large uniform crystals 
must result. Intermediate cases of simultaneous formation and growth 
will of course, result in intermediate average size and also а non-uniform 
grain, since the older crystals will be larger than the younger ones, 

If the laws and data for crystal formation and growth were completely 
known, it should be possible to predict the size range of the crystals produced 
in в crystallization process, Such information is, however, at present 
incomplete. The following discussion is an attempt to summarize the existing 
knowledge that is of value in attacking problems of industrial crystallization 
and in analysing the operating principles of industrial crystallizers. 

Supersaturation. Both crystal formation and crystal growth have a 
common driving force, namely, supersaturation. Unless a solution is super- 
saturated, crystals can neither form nor grow. The supersaturation required 
in а given саве may be so small that it is scarcely measurable, or it may be so 
large that the solution is as much as 30 per cent more concentrated than 
called for by the solubility curve. Supersaturation affects the formation 
of crystals in a radically different manner than it does crystal growth, and the 
action of supersaturation will be discussed separately for the two processes. 

Seeded vs. Unseeded Crystallization. Crystal formation can occur 
under either of two circumstances. The first case is where crystals form in à 
solution that has been carefully freed of all solid particles. Crystallization 
from such a solution is said to take place from an unseeded solution, The 
presence of dust particles, small solute crystals, or in some cases crystals of 
other materials, may lead to a second type of erystal formation, namely, 
that from seeded solutions. In practice, the seeded case is the more impo 
tant. Except for closed batch crystallizers in which the solutions are heated 
well above the saturation temperatures before being sent to the crystallizers, 
completely unseeded solutions are not usually encountered. Batch vacuum 
srystallizers and special crystallizers, such as sugar-boiling apparatus, fall 
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into the category of equipment that operates on unseeded solutions. On 
the other hand, crystallizers in which the solution has access to the atmos- 
phere of the plant will in all probability be seeded by the plant dust which 
invariably will carry tiny crystals and dust particles and which will inoculate 
the solution. Even a solution that is unseeded at the start of the process 
becomes seeded the moment crystals form, and at all stages beyond the initial 
nucleation the process is of the seeded type. 

Tn the case of an unseeded solution, it is possible in viscous solutions of 
relatively high molecular weight, such ав those of sugars, to maintain a highly 
supersaturated solution indefinitely without the formation of nuclei, To 
obtain this result the solution must be carefully prepared, must be entirely 
free from dust particles, and must be “sterilized” ог heated well above its 
Suluration temperature for а time in a completely air-tight container. Mate- 
rials of low molecular weight which form solutions of moderate viscosities 
eannot usually support supersaturations of any great magnitude for an 
indefinite period. There are undoubtedly borderline solutes to which а 
definite answer cannot be given concerning their ability to stay in supor- 
saturated solutions indefinitely. 

Miers’ Theory. Miers and his collaborators, following an earlier sug- 
gestion by Ostwald, have elaborated the theory 
that there is a definite relationship between the 
“oncentration and the temperature at which crys- 
tals will spontaneously form in an initially unsced- 
ed solution, This relationship takes the form of a 
Sv-culled supersolubility curve which is roughly 
Parallel to the usual solubility curve and is located 
in the supersaturated feld. The Miers theory, 
Which has considerable experimental support, states 
that under normal conditions appreciable spon- 

neous formation of crystals will not occur in the 
Area between the solubility curve and the super- 


Concentration 


Temperature 


Jolubility curve but that, whenever the concen- „ке tion Ріта 
tration is brought into the labile field in which theory, 


concentrations are higher than those corresponding 
to the supersolubility curve, sudden and copious nucleation will occur. 

These relationships are shown diagrammatically in Fig. 5 wherein concen- 
tration is plotted against temperature. The normal solubility curve is 
shown as line AB, and the supersolubility curve is the dotted line CD. А 
Solution at such a temperature and concentration that it is represented by a 
point below AB (point Æ, for example) is undersaturated. А solution repre- 
sented by point 2 is metastable and will drop to concentration Н if seed 
Crystals are added to it, but it will remain at F unless seeds are present. А 
solution represented by point б will spontaneously crystallize, as its concen- 
tration will fall to that of point И. 

In spite of considerable controversy concerning such questions às to the 
effects of mechanical stimulation and the effect of probability, the Miers 
type of supersolubility curve has been a useful concept in the analysis of 
crystal formation problems from unseeded solutions. 

Most of Miers’ work was carried out on solutions that were initially 
unseeded. Since most industrial cases concern seeded solutions, it is impor- 
tunt to determine whether or not seeded solutions can be maintained for 
Sppreciable lengths of time under such conditions that nuclei other than the 
seeds themselves do not form. Work carried out on the supersolubility 


i768 
relationships of seeded solutions has shown that, if a solution initially without 
seeds is cooled at a definite rate and if definite quantities of a definite size of 
seeds are added when the concentration of the solution reaches saturation, | 
there is a definite degree of undercooling corresponding to the formation of 

new nuclei. Other reproducible supersaturation curves are found at which 

the rate formation 

of crystals becomes „ 200 

а maximum. Re- 
sults of such ex- 
periments on 
MgSO.7H;O are 
shown in Fig. 6. 
"The В curves show 
where new nuclei 
first formed, and 
the ts curves show 
where the rate of 
formation reaches 
а maximum. Su- | 
persaturated solu- | | 1 
tions of KCl show 150. | | | | 
{һе вате буре ог 3l E! 7, 40 5 46 
behavior, Curves Temperature, Deg. С 
of the type shown jupersaturation curves, seeded solutions, Effect of 
in the figure are ight of seed crystals. Grams seeds per 1000 g. solution. 
quite readily = = 
reproducible, T КЕТ 
whereas the super- Ed oa | 
saturation curves 
of the Miers type 
are very difficult to 
reproduce except 
under very саге- 
fully controlled 
conditions, as it is 
very difficult to 
prevent the effects 
of fortuitous 
seeding. The su- 
persaturations 
obtained in seeded Ibo e ~ 
solutions are defi- EJ ЕЈ 37 40 
а а mperature, Deg.C. 
Ыу less than those Fic. 6b.—Supersaturation curves, seeded solutions. Effect of 
found in erystal- size of всей crystals. 

lizing unseeded solutions. 

‘These results indicate that the ability of crystals to inoculate a solution and 
to cause the formation of new crystals is an important fundamental factor 
in erystallization. 

Curves such as those of Fig. 6 suggest the question whether or not it is 
possible to maintain a supersaturated solution in contact with seed crystals 
for an indefinite period without the formation of new nuclei. Experimental 
results indicate that it is not possible, even at low supersaturations, to sup- 
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press crystal formation indefinitely in a seeded solution. The lower the 
supersaturation, the slower will be the formation of new nuclei, and the 
longer will be the time that will elapse before new nuclei are formed, but, 
if time enough is allowed, present knowledge indicates that sooner or later 
new nuclei will form. At very low supersaturations, where the material 
available for crys- 

tal formation ја @ 200 
small, but few 
nuclei can be 
formed before the 
solution reaches 
equilibrium, 

If the rate of 
nucleus formation 
is very low and if 
the rate of growth 
ia reasonably high 
in comparison 
with the formation 
Tate, it is possible f | 
tomaintainaseed- ' 160 ind => 
ed supersaturated ЕЈ a Seeds н » 
solution without НЕ 
nucleation long ‘Supersaturation curves, seeded solutions, Effect of 
enough so that the TI 
Original seeds will 
krow to the desired 
size before the new 
nuclei appear. 

he erystalliza- 
tion of sugar is an 
example of such a 
cage. In sugar 
crystallization the 
nuclei are formed 
Almost instantly 
by a sudden in- 
Crease in super- 
saturation. Once 
the initial batch of 1 | 
nuclei ig formed, 150. Е 
supersaturation is at г M MS zi "n 
maintained at а i i г 
point low enough Fic 6d—Supersaturation curves, seeded solutions. Effect oí 
that the formation а 
of additional nuclei does not take place before the original crystals have 
allowed to grow to the desired size. Apparently, this method is not possible 
in the case where nucleation tends to be too rapid to allow time enough for 
the-original seeds to grow to the desired size. 

Methods of Forming Crystals in Solutions. In any crystallisation 
Process the nuclei formation should be under control. In a batch process, 
if uniform crystals are desired, it is advisable to form as large a proportion 
88 possible of the crystals at the same time, even if additional nucleation 
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cannot be “altogether prevented. Otherwise, a non-uniform erop will be 
obtained. Ina continuous process the number of nuclei formed per unit time 
will be continuous and uniform and must equal the number of crystals that 
are withdrawn per unit time from the crystallizer. In a continuous crystal- 
lizer either most of the nuclei should form within a narrow zone in the unit 
во that all nuclei can receive the same time of growth (the method applicable 
to the Swenson-Walker crystallizer, р. 1783, for example) or there must be a 
classifying uction in the crystallizer which will retain the small crystals 
under treatment until they have grown to the proper size before they are 
removed from the unit (as is done in the continuous vacuum crystallizer, 
р. 1787, for example). 

New nuclei may originate in one or more of the following way: 

1. By spontaneous nucleation from unseeded solutions. In this case an 
unseeded solution must be cooled into the labile region as shown by the Miers 
curves, 

2. By attrition of existing crystals. If crystals are agitated vigorously, 
small corners and fragments may be broken from existing crystals; such 
fragmonts and mutilated crystals quickly repair themselves and the fragments 
become new nucle 

3. Mechanical impact. Mechanical impact in a supersaturated solution 
has been shown to cause nucleation [Young, J. Am. Chem. Soc., 33, 14 
162 (1911). Vigorous stirring, the collis ystals in the solution, with 
each other or with the walls of the с s, may cause the formation of 
some new nuclei. This formation is over and above that resulting from the 
mechanical fracture of existing crystals. Its importance in industrial 
crystallization is questionable. 

4. Now crystals are formed due to the inoculating influence of crystals 
already present. This method of erystal formation is probably the most 
important single method and is the method that is subject to the most 
accurate control. 

5. Local variations in the concentration of the solution may cause nuclea- 
tion in restricted zones. For example, the withdrawal of heat through the 
containing wall will cause temperature gradients near the wall which сап 
jnerease the supersaturation enough to accelerate nucleation. Evaporation 
from the surface may result in abnormally high concentrations in the solution 
at the surface and lead to nucleation. Even surfaces at solution temperature 
sometimes appear to catalyze nucleation near them. 

In general, the above causes of nucleation are inextricably interwoven, 
and it is usually not possible to separate them completely in any given case, 
It is possible, however, to emphasize or to suppress individual nucleation 
effects and thereby to facilitate control. 

Thus, method 1 is essentially an uncontrolled formation method. In 
general, it is preferable to use method 4 if possible, rather than method 1. 
Figure 16 [Seavoy and Caldwell, Ind. Eng. Chem., 32, 633 (1940)] shows the 
temperature-concentration history ‘of a batch erystallizer operated two ways: 
first, with an unseeded solution and, second, with a seeded solution. In the 
second case в high supersaturation, characterized by uncontrolled nucleation, 
is prevented. 

"The formation of crystals by attrition (method 2) should be suppressed 
as much аз possible. Such formation occurs at the expense of existing perfect 
crystals and is not subject to adequate control. For practical control 
purposes, methods 3 and 4 can be considered as equivalent. ‘The mechanical 
impact of stirrers or of crystals on each other accounts for only а small 
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Proportion of the total nucleation and depends on stirring rate and the 
number and size of crystals existing in the equipment at any given time. 
The much more important inoculating effect is determined by these same 
variables. Increased stirring rate, for example, brings about more uniform 
distribution of crystals in the crystallizing solution, which will increase their 
inoculating influence. Such effects increase nucleation rate more than they 
do growth rate and are the logical explanation of the general observation 
that stirring tends to cause small crystal 

Nucleation by method 5 depends largely on the design of the erystallizer 
and the rate at which it is operated. For best control it is advisable to 
Suppress this method by reducing as much as possible local variations in the 
temperature or concentration of the solution. 

Effects of Impurities, Impurities in the solution may inhibit the forma- 
tion of new nuclei. The effect of a given impurity cannot be predicted and 
must be found by experiment. In general, high molecular-weight materials 
Seem to be the most effective inhibitors. 


GEOMETRY OF CRYSTAL GROWTH 
As n preliminary to the questions involving the rate of growth of erysta 
certain facts regarding the geometry of erystal growth are important. 


Parallel Displacement of Faces. Translation Velocities 

Geometrically, a crystal is a solid bounded by planes. The shape and size 
9f such a solid are a function of the interfacial angles and of the linear dimen- 
Sions of the faces, As a result of the constancy of its interfacial angles, each 
face of a growing or dissolving crystal, as it moves away from or toward the 
center of the crystal, is always parallel to its original position. This fact is 

nown as the principle of the parallel displacement of faces. Тһе rate at which 
в face moves in a direction perpendicular to its original position is called the 
translation velocity of that face. 

Crystal Habit. From an industrial point of view, the term "crystal 
habit” refers to the relative sizes of the faces of a crystal. No general law 
controlling crystal habit has been discovered. This property is ensily affected 
by conditions of crystal formation and growth. It is very difficult to prepare 
Perfect crystals with all faces of the same form equally developed. Small 
Amounts of foreign substances will often completely change the crystal habit 
of a material. For example, sodium chloride crystallizes as cubes from а 
Pure solution but forms octahedra if precipitated from a solution containing 
urea, The selective adsorption of dyes by the different faces of a crystal 
can greatly modify the habit of the crystal (see France, “Colloid Symposium 
Annual," vol. 7, pp. 59-87, Wiley, New York, 1930). Phenomena of this 
kind are во general that the prediction of crystal habit is difficult. 

Invariant Crystals. Although it is impossible at present to predict the 
crystal habit of a definite material, it is reasonable to assume that under 
constant external conditions the relative translation velocities of the different 
faces of в crystal do not vary during the growth of the crystal. Such п 
crystal is known as an invariant crystal. 

"The most important property of an invariant crystal is the fact that such 
4 crystal remains geometrically similar to its original shape as it grows or 

issolves. 

Overlapping Principle. Since the relative sizes of the individual faces 
of а crystal vary between wide limits, it follows that different faces must 
have different translation velocities. A geometric law of crystal growth 
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known ва the overlapping principle is based on these velocity differences 
and may be stated as follows: In the growing of a crystal, only those faces 
having the lowest translation velocities survive, and, in the dissolving of в 
crystal, only those faces having the highest translation velocities survive: 
For example, consider cross sections of a growing crystal, as in Fig. 7. The 
polygons shown in the figure represent varying stages 
in the growth of the crystal. The faces marked A are 
slow-growing faces (low translation velocities), and the 
faces marked В are fast growing (high translation veloci- 
ties), 16 is apparent from Fig. 7 that the faster B faces 
tend to disappear, as they are “overlapped” by the slower 
A faces. 

It has been shown [Valeton, Z. Kryst, 89, 135-169 
(1923)] that the overlapping principle, if combined with 
the principle of the parallel displacement of faces, makes 
it possible to predict the final shape of a crystal when the 
initial shape and the relative translation velocities of the 
faces are known. J 

Variation of Translation Velocities. Thetranslution “рш укны 
velocities of the faces of an invariant crystal are not all 
equal, unless the crystal is a regular geometric solid. The smaller faces have 
greater rates of growth, measured in weight per unit area per unit time, than 
have the larger faces. This difference in rate has been found experimentally’ 
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‘The earliest theory of erystal shape was the thermodynamic theory of 
Gibbs and Curie. This theory stated that a erystal, as it grows, chooses 
that form compatible with the symmetry of the orystal that gives the mini- 
mum surface energy. For commercial sizes, however, the surface-energy 
differences between a thermodynamically stable crystal and one that ія 
unstable because of its shape are too small to be of importance. 

Rate of Solution. ‘The first theories of the rate of crystal growth con- 
sisted of attempts to consider crystallization as the reverse of solution. 
Earlier work by Noyes and Whitney [Z. physik. Chem., 23, 689 (1807)] and 
others led to the establishment of a theory of the rate of solution that has 
been applied to a number of other heterogeneous reaction-velocity problems. 
The theory assumes that such reactions are controlled by the rate of diffusion 
of the reactants and products to and from the solid-liquid interfac 
reactions taking place at the interface are very rapid in comparison with 
the diffusion rates. ‘The diffusional resistance is confined to a comparatively 
thin film surrounding the solid, since convection currents equalize the con- 
centrations in the bulk of the liquid. Low viscosity and vigorous stirring 
attenuate the film, decrease the diffusional resistance, and incrense the 
reaction rate; while high viscosity and poor agitation decrease the reac 
rate because the films are then relatively thick and the diffusion process is 
slow. 

The Berthoud-Valeton Theory [J. chim. phys, 10, 625 (1912). 2. 
Kryst., B9, 335-365 (1923); 60, 1-38 (1924)]. "his theory assumes that the 
diffusional process is followed in series with a first-order interfacial reaction 
and the net rate of crystallization depends on both reactions. If the con- 
centration of a saturated solution is Со, that of the bulk of the solution is C, 
and that of the solution in contact with the crystal surface is C", the rate of 
material deposition is 
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ат 
ад 


8 
78(С' — Co) = Pie -0 (2) 


Where W is the weight, Ө is the time, К is the diffusion coefficient, k’ is the 
zate of reaction constant of the interfacial reaction, S is the surface area, and 
L is the effective film thickness, 

If C’ is eliminated from Eq. (2), the result may be written: 


aw  S(C — Cr 
dé 1 L 
RTE 


(3) 


There are three corollaries of Eq. (3): 

1. The over-all reaction is of the first order, since for any particular face 
At constant temperature 1/(1/k' + L/k) is a constant. (This will not be true, 
however, if the interface reaction is not first order.) 

2. Although the reaction is one of first order, the value of k’ varies from 
{асе to face, and so the rates of growth of the individual faces of the same 
crystal can vary, in spite of the fact that & (the diffusion film coefficient) is 
constant for all the fac 
;, 3. The relative magnitudes of k’ and k may vary in different cases. If k 
is large in comparison with k’, diffusion is an unimportant factor and the 
Surface reaction controls the process of crystallization. If &' is large in com- 
Parison with k, the surface reaction has but little influence on the rate, and 
the diffusion then is the controlling factor. If k’ is very large in comparison 
With k, the theory becomes identical with the Noyes-Whitney theory. 

Effect of Impurities on Crystal Growth, Small amounts of impurities 
may have an important effect on the rate of crystal growth, just as they do on 
the rate of crystal formation. Apparently, the inhibition of growth is due to 
the adsorption of the impurity on the crystal face. No general rule governing 
these phenomena has been discovered. ‘The amount of impurity adsorbed 
depends not only on the material and the impurity but varies from face to 
face of the same crystal. The face that adsorbs the greatest amount of 
impurity will have the lowest translation velocities nnd hence will increase 
in size relative to the other faces, in accordance with the overlapping principle 
OS “Colloid Symposium Annual," vol. 7, рр. 59-87, Wiley, New York, 

930), 

The AL Law. It has been shown [McCabe, Ind. Eng. Chem., 21, 30, 112, 
(1929)] that all geometrically similar crystals of the same material suspended 
in the same solution grow at the same rate, if the growth is measured as 
the increase in length of geometrically corresponding distances on all of the 
crystals. If AL is the increase in linear dimension of one crystal, it is at the 
fame time equal to the increase in the corresponding dimension of each of 
the other crystals and is independent of the initial size of any of the original 
crystals, provided all crystals in the suspension are treated exactly alike. 

Calculation of Screen Analysis of Product from That of Seeds. 

he AL law gives а solution to the following problem: 


Problem. Given a saturated solution in which is suspended a known weight of seed 
tals of known screen analysis, and assuming this solution to be cooled under known 
pondi ins, what will be the weight and screen A is of the crystals at the end of the 
Process, 5t there is negligible formation of new nuclei? 9 Р 
he weight of material precipitated is calculated in the same manner as is the yield 
$f a crystallisation process (see p. 1760). The distribution of the precipitating material 
tikes place in accordance with the AL law. If D is the size of the opening of a sieve that 
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will just pass a given crystal, then D and Z can be considered proportional, or 
aD-L 4) 
and M 
e AD = AL @ 


where a is a proportionality constant, that is identical for all crystals of the batch- 
If AL is the same for ай erystals, AD is also the sume for all crystals, It has been shown 


that 
We AD 
W, = 14 aw, 6) 
Jem) | 


where Wp is the weight of product obtained from Ws d erystals, D, and W, are the. 
coordinates of the cumulative screen analysis curve (where W, is total weight retained. 
on the screen of opening size D,), and AD is defined in Eq. (5). 


‘The steps in the calculation of the yield and screen analy 
э erystal-growth process аге: 


їз of the product of 


1. Caloulate the theoretical yield from the ratio of seeds to solution and the solu 
bility change of the material during the proces 

2. Assume a value of AD, and calculate the wei 
to this assumed value by integrating Eq. (6) ove 

3. If the value of Wy calculated in step 2 does not check that calculated in step 1, 
Adjust AD by trial and error, until fair agreement is reached between the weights of 
produet calculated by the two methods 

4. Using the correct value of AD as determined in step 3, plot the integral curve of 
Eq. (8). 

5, Plot Ws ugainst D. 
point, since the integral 
Wı; the serecn-analysis curve of the 
D, AD. 

б. From the curve of Wy against Dp that was plotted in step 5 
of Wp that correspond to the sizes of the various sereen openings, and convert the values 
to percentages of the entire product. ‘The result is the cumulative screen analysis of 
the product. The differential analysis is easily derived from the cumulative analysis 
by subtraction. 

Example 5. А Swenson-Walker (see p. 1783) crystallizer is cooling a potassium chlor- 
ide solution. Tt discharges а saturated solution at 60°C. The discharge consists of 1750 
Jb. saturated solution and 105 Ib. crystals per hour. The screen analysis of the crystals 
is аз follow 


ht of the product that corresponds 
the range Ws = 0 to Ws = 100, 


an be constructed from the data at hand at this 
d in step 4, gives the relationship between Wp and 
ds exhibits D, as a function of Wi; and Dp = 


read off the values 


Table 1. Screen Analysis of Seeds 


Screen analysis, % 
Matin pt tach] =- Sixe gf eroan эрез реми 
opening, cm. 
| Cumulative 


ыы 


"Through 100 


* Estimated, 
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dion! would be (a) the weight and (b) the screen analysis of the product if additional 
sections were udded to the crystallizer to cool the above product ت ر ر‎ 
The solubility of potassium chloride at 60°С. is T дилер ран “ 
solubility at 30°С. is 37.35 arts per 100 parts water. " i i 
ошол, The answer to queden 100 раа the тен а ened аа 
fhe solubility data. Since the potassium chloride that precipitates is in the anby, 
form, and since the + 
solubilities given above 016. 
аге bused on weight of ° 
Water, the increased 014 
Yield due to the: cooling 
from 60° to 30°C, is 
45.0 — 37,35 = 7,651b, 012 
Рег 100 1b. water. 
Since the crystallizer 
handlea (100/145) 2n 
(1750) = 1206 1b. 
Water, the increase in 008 
yield is (12.06) (7. 
= 92.3 Ib. The prod- 
Met from the new sec- 
tion will then be 92.3 
+165 = 257.3 lb. 004) 
Theale per hour, 
his in the answer to 
Question a, мг 
їп order to deter- А ED 
Mine the screen analy- 0 
ais of the new product ЗЕТА aoe "рано 
(question D), the pro- x 
cedure “of рр. 1773 Fro, 8—Example 5: Sereen analyses, 
9 1774 is applied. 5 lem. The d 
‘Tho screen analysis of the seed crystals is given in the data of the ари TATER 
and fourth columns of Table 2 are D, and Wa respectively, ne baci) Disp iof ay 
tals, The product is (257.8/165)(100) = 156 lb. on this same basis, 
Procedure has been completed. Serr] value 6 
‘The second atep is the tratand-error determination of the correct value of AD that 
responds to the required weight increase of 56 Ib. per roy reis Mes ene 
by assigning в value to AD, evaluating the integral of Eq. (6) be ОРИ», The required 
100 and Wa = 0, and thereby В өттү е таса» 
value of AD is that value that gives а value of Wp of 15. 7 ild 
Without reproducing the pretiminary triala, it is found that if И 
Feduirement in closely met. This value will be shown to be correct ir 


Table 2. Coordinates of W, vs. (1 + 0.009/D,)? Curve 


006 


Я 1 
у, D, (+) We D, (+ 
= Е 
0.0 0.1397 121 E] M 
D Ri 1125 @ 136 
3:0 1091 130 70 га 
50 100 131 E] 120 
10:0 Кел 133 E: 1% 
ТЕГЕ в 
Er E: E 1i i 


in E leulate the integral 
1 ird atep is to substitute AD = 0.000 in Eq. (6) and to cal ote 
sae Sauda "This i done by plotting values of (1+ 0.000/D)* as ordinat 
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1 р А * " oF 
ıt values of We as abscissas. The relationship between Di and Wu is obtained 
Plotting the sevond. eclumm of the sereen-anslyais table (Table 1) against the fourth 
column, . This curve is curve A of Fig. S. ‘The coordinates of the (1 + 0,009/D,)4 тё. 
Wa curve are as shown above and the curve is shown in Fig. 9. 
The integral 


curve of Eq. (6) is 35 
obtained by deter- = 
mining the area 3 


bounded by the i 
curve of Fig, 9, the га 
X-axis, theordinate 
X =0, and the 
ordinate X = Wi, 24 
where Wa varies, 
from Oto 100. For Г 
example, the point SiS 
ample, the point 8) 
+ 
= 


on the integral 
curve with an ab- 
neissa of We = 50 is 
equal to the ares 


«beda of Fig. 9. n 
The coordinates 
of points on the e 
integral curve, 
Which are corres 
sponding values of 04 
Ws and W, are 
shown in Table 3. ов 
It will be seen 0 0 0 3) 40 


that when AD = 
0,009, Wp = 157.4, 
which is a satisfac- 
tory check with the theoretical yield of 

‘The next step, the determinat 
сап now be curried out. It is e 
of open 


mple 5: Graphical integration. 


‘The plot of Wy ts. W, 

. Dy (the size distribution of the product), 

values of Dy equal to the actual sizes 

ing values of D, by subtracting 0,009 

ig values of Ws from curve A of Fig. 8, and 

then read the values of Ws from Fig. 102 The cumulative and differential analyses ате 
Шу calculated. The procedure is shown in Table 5. 


shown in Fig. 10. 


Table3. Relation between И’, and W. 


We Wy | т, Wy 
5 6.4 70 101,5 
10 130 E] 118:0 
20 26.6 85 126.7 
30 юв 90 135.8 
40 55.4 95 145.5 
50 70.3 97.5 151:0 
60 85.7 100 157.4 


Limitations of AL Law. It must be understood that ће above analysis 
fails completely in any case where cr; are given preferential treatment 
based on size. If larger crystals have a higher velocity relative to the solu- 
tion than do smaller ones, the larger crystals will grow more and the smaller 
crystals less, than is called for by the AL Iaw. If there is a classifying action 
in the crystallizer by which small crystals are retained longer than large 
crystals, the AL law does not apply, It is applicable only if all crystals, 
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regardless of size, are treated exactly alike, both as to conditions of growth 

and time of growth. It also | 

applies only to the growth of 19] 

existing crystals and is not М 

concerned with nucleation. 
Summary of Work on М! 

Crystal Growth. In spite 


of the considerable disagree- "4 : 
ment among the published’ — ja) 
Tesearches on crystal growth 
and crystal geometry, certain — 100 
conclusions can be drawn that 
have much evidence in their 100) 
favor: 
1. A crystal that grows un — 
det constant external con- seg 
ditions remains very nearly ^ + 


Beometrically similar to its 


тој 
Original shape but relatively Al 
sl E 


ight changes in conditions | 
may alter the shape. sj 

2. The addition of small | |» 
amounts of foreign substances 40 1; 
muy profoundly affect the ш 
shape of a growing orystaland 90 
its rate of growth, 

3. Different faces of the 
ваше crystal usually have jol 
different translation velocities. | [| 

i; Althoughtheexactmeeh- умы x 16 мою 
anism and the order of reae- D 


tion of the growing process are n 7 
* Fı, —Example 5: Weight of product (Wy) ва. 
not definitely known, the rate F16. 10.—Exampl eds (W3 


weight of seeds (Wi). 
Of growth of any particular > ^v 
асе in grams per square centimeter is a function of the supersaturation of the 
bulk of the solution in contact with that 

Table 4. Screen Analysis of Product 


| | | Screen analysis of product 
Meshes per 


‘neh, D, v. We T 
| Cumulative | Differential 
TN | ге | " | 
On 12 0,1397 0.1307 9.0 0.0 00 | 0.0 

14 1168 1078 0:6 10 0:6 06 
16 0991 0901 10.0 Bo 83 77 
20 10833 0743 27 24 | 2% 125 
24 0701 п #9 203 | ме Bs 
в 10589 0499 22 1973 68:2 2. 
32 10495 0405 88.5 134.0 51 16:9 
35 0417 0327 95.1 145.7 $5 24 
42 035! 10261 | 96:2 1525 | 968 43 
48 10295 0205 99:5 562 | а у 
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‘The cumulative analysis of the product is shown as curve В, Fig. 8, 
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5. It is very doubtful that the differences in solubility of the various faces 
of single crystal, or of different size particles of the same material, are 
large enough to influence crystal growth unless the crystals are less than 
about 0.002 mm. in diameter. 

6. The screen analysis of the product of a crystallization process can be 
calculated from the screen analysis of the seeds and the total yield if the 
formation of new nuclei is neglected during the process and if all crystals are 
subjected to exactly the same conditions of growth. 

Simultaneous Growth and Formation of Crystals, In most indus- 
trial erystallizations 
growth and nuclea- p 
tion occur simul- 
taneously. The 
result of the com- 
bined process on the 
Size distribution of 
the crystals depends 
on the relative rates 
of formation and 
growth, Actual ex- 
perimental data for 
such rates are prac- 
tically non-existent 
and at present only B 
qualitative reason- 
ing can be applied. Sol T ipit) 
Buch reasoning may, 
however, be useful 
in analyzing the effects of the crystallization factors in industrial processes. 

For aid in such ап analysis, hypothetical curves such as those shown in 
Fig. 11 are useful. Figure 11 shows two rate curves, both plotted against, 
supersaturation, Curve A shows the growth rate kp expressed aa a coefficient. 
giving the rate of increase of linear dimension per unit time, Curve B shows 
the nucleation rate expressed as a coefficient ky defined as the number of new 
crystals produced per unit time per existing crystal. On the assumption 
that growth is approximately а first-order reaction, curve А is straight: 
on the other hand, the work of Miers and Ting and others indicates that the 
nucleation rate curve B will start low and remain low in the metastable region 
but will rise sharply at supersaturations corresponding roughly to the point 
where the supersaturation curves found by Ting are located. Ав men- 
tioned above, however, the nucleation rate is not necessarily zero at low 
supersaturations. 

Figure 11 shows that at low supersaturations growth will tend to pre- 
dominate over nucleation, although both rates will be low. At high super- 
saturations, especially those in which the nucleation rate has passed the break 
point in the curve, nucleation will predominate strongly over growth. 

The positions of curves such as those shown in Fig. 11 will undoubtedly 
vary considerably with changes in such operating variables as stirring rate, 
temperature, concentration, and size and number of crystals present in the 
solution. For example, the position of curve A can be expected to depend 
primarily on viscosity and stirring conditions and, perhaps to some extent, 
on concentration. The position of curve B will undoubtedly be influenced 
by the number of nuclei present in а unit volume of solution, probably by 


Unit Time 


Size Increase 


new crys 
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Kg Growth Rate 
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Ky Nucleation fale 


Fra, 11,—Hypothetical rate curves. Curve A, growth rate; 
curve B, nucleation rate, 
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the area of the crystals present, perhaps by the relative motion of the crystals 

of the various sizes through the solution, and possibly by the rate of stirring. 

И nucleation at vapor-liquid interfaces or in other localities in a crystallizer 

occurs, curve B will also be affected by such nucleation. Both curves сап 
strongly influenced by the presence of impurities. 

In a batch crystallization wherein the supersaturation varies with time, 
the final result of the crystallization process would depend upon an integrated 
effect along curves such as those shown in Fig. 11. Present knowledge of 
crystallization is not sufficient to provide a quantitative basis for such an 
integration. In а continuous crystallizer, where conditions are constant 
st any given point in the apparatus, the rates at this point will be constant 
and correspond to a definite abscissa on Fig. 11. The higher the supersatura- 
tion at a given point, the more will crystal formation tend to predominate 
Over crystal growth, whereas at low supersaturations growth will predominate 
Over formation, but, in general, it may not be possible to eliminate nucleation 
entirely, 

Tn general, except for such factors as local concentration gradients, the 
fate curves of Fig. 11 are independent of the type of apparatus used. If 
large crystals are desired, low supersaturations must be used or too many 
nuclei will form, regardless of the type of erystallizer used. Low super- 
*aturations necessarily mean low rates of deposition and large erystals can 
be made only at the experise of low volumetric crystallizer capacity. Certain 
types of equipment: tend to produce low supersaturations and retain crystals 
under growth conditions for extended times and therefore give relatively 
large crystals at low capacity. 

, The interpretation of the performance of actual crystallization equipment 
in terms of hypothetical rate curves will be given later. 
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„ To force crystallization, it is necessary to maintain the crystallizing solution 
їп а supersaturated condition. The means chosen for producing and main- 
taining supersaturation usually depend on the solubility-temporature 
relation of the substance to be crystallized [Svanoe, Ind. Eng. Chem., 32, 637 
(1940)]. Some solutes, such as sodium chloride, have a very small positive 
temperature coefficient of solubility. Others, such as anhydrous sodium 
sulfate and sodium carbonate monobydrate, have negative coefficients and 
become less soluble as the temperature is increased. In such casos super- 
Saturation must be developed by evaporation. Other solutes, e.g., Glauber's 
Salt, Epsom sult, copperas, and hypo, have large positive temperature coeffi- 
cients of solubility, and cooling without evaporation ean produce the required 
"üpersaturation. In intermediate cases some evaporation in addition to 
cooling may be advisable to build up supersaturation. 

The application of cooling ая compared with evaporation is also important 
with respect to the yield of the process. If the solubility curve is such that 
the concentration of the final mother liquor is low in comparison with that 
of the initial solution, cooling without substantial evaporation will give a 
satisfactory yield per pass, and the amount of mother liquor recycled will 
be small. If, however, there is but little solubility change with temperature, 
the yield per pass through the crystallizer will be small if there is no evapora- 
tion and a large quantity of mother liquor must be recycled per unit weight of 
Product. In such a case evaporation should be used, either as such or in 
combination with cooling. If the water balance of the entire process requires 
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an evaporation step somewhere in the cycle, any evaporation accomplished 
in the crystallizer also reduces the evaporator load. 

A classification of crystallization equipment based on the means used to 
develop supersaturation and to control yield per pass is 

1. Bupersaturation produced by cooling without substantial evaporatioi 

a. Atmospheric cooling by natural convection. Examples: tank crystal- 
lizers, Wulff-Bock erystallizer. 

b. Cooling by liquid cooling medium, absorbing heat through metal 
surface. Examples: agitated batch erystallizer, Howard crystallizer, double- 
pipe erystallizer, Swenson-Walker erystallizer, Krystal cooling crystallizer. 

2. Supersaturation produced by evaporation without substantial cooling, 
where the heat for the evaporation is transferred to the solution through 
metal surfaces, Examples: crystallizing evaporators, Krystal evaporator 
erystallizer. 

3. Supersaturation produced by adiabatic evaporation and cooling. 
Example: vacuum crystallizers. 

Crystallizers may also be classified in the following manners: batch va. 
continuous, agitated or non-agitated, classifying or non-elassifying. Classi- 
fying erystallizers function in such a manner that crystals are retained in 
the erystallizer until they have reached a minimum size before discharge. 

Tank Crystallization. Common practice in producing crystals has 
been to prepare hot, nearly saturated solutions and to cool them, by natural 
convection, in open rectangular tanks. Little ог no attempt is made to seed 
these tanks, to provide agitation, or to control the crystallization during the 
process. Sometimes rods or strings are hung in the tanks to give the crystals 
additional surface on which to grow and to keep at least a part of the product 
out of the sediment that might collect in the bottom. 

‘When the tanks have cooled sufficiently, which is usually a matter of several 
days, any remaining mother liquor is drained off and the crystals are removed 
by hand. ‘This involves much labor and often results in the inclusion, with 
the crystals, of any impurities that-have settled to the bottom of the tank. 
The floor space and labor required and the amount of material tied up in the 
process are large. For moderate capacities, ordinary bathtubs of cheap 
quality are often very satisfactory for batch erystallizers. 

The following data from а typical batch crystallization are available 
(G. М. Darby, Dorr Со., New York, private communication). The material 
crystallized was copperas (FeSO,7H:O). The concentrated liquor was 
placed in rectangular crystallization tanks about 21 ft. 6 in. long, 10 ft. 8 in. 
wide, and 1 ft. deep. The solution was allowed to cool for from 48 to 96 
hr., and the crystals removed. About 6 hr. were required to drain a tank, 
remove the crystals, and refill. The following data pertain to this process 


Table 5. Tank Crystallization of Copperas 


Total time | Solution | Sp; gr-of | Fe0,7H:0 Moth Sp. gr. of 
Ф суйе, | received, | solution | insolution, | Crop, tb. | liquor, mother 
hr eal. received [3 mil liquor. 
48 160  |L40ut вс] пил 85 | 1.240 190. 
60 160° |17395 st 600] 11085 95 || 
2 160 |11935 аі 53%) 10994 85 || 
96 168) |1300 nt SIC.) 11254 9 fi 


* Time of doting = total tima—6 hr. (approx). 
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‘The mechanism of crystallization in a tank crystallizer can be visualized 
эв follows: Ordinarily such erystallizers are open to the atmosphere, They 
lose a considerable proportion of their heat by evaporation and by convection 
at the surface. In all probability such crystallizers are seeded to some 
extent by the atmosphere which will contain seeds and dust from previous 
crystallizations of the same material. The evaporation at the surface 
develops local supersaturation at the surface and nucleation tends to occur 
at that point. Nucleation may also occur near the wall of the crystalliser 
because there will be some heat transfer through the walls to the surroundings. 
The loss of heat at the surface and boundaries of the crystallizer causes slow 
convection currents through the solution, and seed crystals are carried with 
such currents and grow slowly. Since there is no agitation, as soon as crystals 
are of any appreciable size, they settle in the bottom of the erystallizer and 
most of the growth occurs in the bottom of the vessel. The convection 
currents coming down from the top and sides of the vessel bring supersatu- 
rated solution in contact with the crystals at the bottom and provide a driving 
force for the growth. Since the contact between crystals and solution, is 
boor and the cooling rate is low, the nucleation rate is relatively small, and 
growth predominates over formation. The crystals are usually large and 
tend to interlock., This interlocking may result in the occlusion of, mother 
liquor and the introduction of impurities. The size of the individual orystals 
is variable because of the lack of control of the convection currents and the 
lack of agitation. The capacity of such a erystallizer is low because of the 
low rate of heat transfer obtainable by atmospherie cooling, ‘The evapora- 
tion from the surface is sensitive to the relative humidity of the air, and at 
times in summer weather, when the relative humidity and air temperature 
аге both high, production from such equipment may be very low. 

In the operation of naturally cooled tank crystallizer&, there is no way to 
control either nucleation nor growth except by using suitable lagging, or by 
Varying the ratio of tank surface to tank volume. The size of the unit: can 
be во chosen that the rate of heat loss corresponds roughly. to the cooling 
time necessary to give the desired crystal size. 

The Wulff-Bock Crystallizer. The Wulff-Bock [Griffiths, J. Soc. 
Chem. Ind., 44, 77 (1925)] type crystallixer has been widely used in Germany 
and in England but has not been used extensively in the United States. It 
consists of a shallow trough set at a slight inclination and mounted on rollers 
во that it can be rocked from side to side. At frequent intervals along its 
length are partitions extending part way across, so that the liquid, instead of 
flowing directly from one end to the other, flows іп а zigzag path. Cooling is 
by natural convection, and the crystallizer is continuously operated. 

. The slow rate of cooling inherent in the Wulff-Bock crystallizer results 
in a relatively low capacity, but this crystallizer gives uniform crystals of 
unusually large size. 

Agitated Batch Crystallizers. Figure 12 shows an agitated batch 
crystallizer. Water is circulated through the cooling coils and the solution 
is agitated by the propellers on the central shaft. This agitation performs 
two functions; (1) It inereases the rate of heat transfer and keeps the tem- 
Perature of the solution more nearly uniform, and (2) Ъу keeping the fine 
erystals in suspension it gives them an opportunity to grow uniformly instead 
of forming large crystals or aggregates. Further, the agitation, combined 
with the more rapid cooling, results in the formation of a large number of 
nuclei as compared with the tank method, and therefore the product of this 
operation is not only more uniform but also very much finer than that from 
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the older tanks. The difficulties with this apparatus are: first, that it is а 
batch or discontinuous method; and, second, that the solubility is least in 
the stagnant film on the surface of the cooling coils. Consequently crystal 
growth is most rapid at this point, and the coils rapidly build up with a mass 
of crystals which decreases the rate of heat transfer. 

‘A certain amount of control ean be exercised on the crystallization process 
occurring in а batch, artificially cooled erystallizer by varying the rate of 
cooling. As long 
as the solution is 
wundersaturated, it COOLING WATER 
may ђе cooled as 
rapidly as the tem- =— 
perature and rate 
of the cooling 
water and the area 
of the cooling 
surface permit. 
When the solution 
becomes super- 
saturated, the rate 
of temperature de- 
crease should be 
retarded in order 
that the labile ге- 
gion is not entered. 
It is advisable to 
seed the solution 
at this point to 
prevent the un- 
controlled initial 
nucleation charac- 
teristicofunseeded 
solutions. Once 
there is available 
considerable erys- 
tal surface for growth, the rate of beat removal can be increased, provided the 
coils are not so badly salted that effective heat transmission is prevented. The 
rate of temperature decrease may be very small during the period of maximum 
crystallization rate, even if the rate of heat transfer is good because of the 
necessity of withdrawing from the solution the latent heat of crystallization. 

The Howard Crystallizer. ‘This crystallizer (Fig. 13) consists essentially 
of в vertical conical device through which solution flows in an upward direc- 
tion. The upper end of the crystallizer is the wide part of the cone. А 
concentric outer conical chamber serves asa cooling water channel. Crystals 
that are suspended in the upward flowing stream of solution must grow to 
such a size that they will settle through the fastest part of the stream of 
solution at the apex of the cone (the bottom of the crystallizer) before they 
can escape, By regulating the velocity of flow at the bottom of the orystal- 
lizer, the size of the product is controlled. On the other hand, the cross 
section of the top of the crystallizer is large, the velocity of the solution is 
low, and the smaller crystals are not carried over the top. The apparatus 
functions both as a crystallizer and as a hydraulic classification device. The 
concentration of the solution is maintained by the inflow of strong solution 
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COOLING WATER 
INLETS 


Fic. 12,—Agitated batch crystallizer. 
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from a storage tank, and the product is withdrawn continuously in а stream 
9f mother liquor. 

Since the Howard crystallizer is a continuous one, conditions in it can reach 
& Steady state. As the solution flows up through the crystallizing cone 
its supersaturation increases due to the cooling brought about by the inner 
Cooling cone C. Nucleation should start at a fairly definite point in the 
(rystallizer. Nuclei will tend to drop through 
the incoming solution due to the action of 
gravity and are thereby continually contacted 
With fresh supersaturated solution. Growth 
therefore occurs, and, when the orystal is large 
enough, it will settle into vessel б. Nucleation 

'ue to the inoculating effect of existing crystals 
can accompany the growth in the same zone in 
which the growth is taking place. 

The Double-pipe Crystallizer. [Seavoy 
snd Caldwell, Ind. Eng. Chem., 82, 628 (1940)]. 

‘his crystallizer consists essentially of a double- 
Pipe heat exchanger fitted with internal helical 
ribbons, The cooling liquid passes through the 
annular space between the two pipes, and the 
crystallizing solution is pumped through 
the inner tube countercurrent tô the cooling 
liquid. The helical ribbons act as scrapers to 

сер crystals from building up on the cooling 
surface. Тһе scrapers make contact with the 
Inner wall of the inside pipe. This crystallizer 
is ordinarily used in a continuous batch manner. 
tis placed in series with n large tank containing 
the solution to be cooled, and the solution is 
Pumped through the double-pipe unit at а rate 
alent to ensure an/adequate hent-transfer 
te. 

The Swenson-Walker Crystallizer. In 
the United States the most successful continu- 
ous erystallizer using a liquid cooling medium 
is the Swenson-Walker orystallizer, Thiserys- Fra. 19—The Howard crys- 
tallizer ја shown in Fig. 14 (Caldwell and Е 

сауоу, loc. cit.). It consists of an open trough 24 in. wide, with a semi- 
Cylindrical bottom, a water jacket welded to the outside of the trough, and а 
slow-speed, long-pitch, spiral agitator set close to the bottom of the trough, 

ut not so close as to make contact with the trough. This apparatus is ordi- 
пагу built in units 10 ft. long, and a number of units may be joined together 
to give increased capacity, Forty feet is the maximum length usually 

riven from опе shaft and, if lengths greater than this are desired, it is usual 
to arrange several such crystallizers, one above the other, and allow the 
solution to cascade from one bank to the other. 

The hot concentrated solution to be crystallized is fed at one end of the 
trough, and cooling water usually flows through the jackets, countercurrent 
to the solution. In order to control crystal size, it is sometimes desirable to 
introduce an extra amount of water into certain sections. When conditions 
^re properly adjusted, nuclei begin to form a short distance from the point 
Where feed is introduced; these nuclei grow regularly as the solution passes 
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down the length of the crystallizer. The function of the spiral stirrer i$ 
not especially that of either agitation or conveying the crystals. Iis pur- 
poses are (1) to prevent an accumulation of crystals on the cooling surface 
and (2) to lift the crystals which have already’ been formed and shower them 
down through the solution. In this manner the crystals grow while they are 
freely suspended in the 

liquid and. therefore are 

usually fairly perfect in- 

dividuals, reasonably uni- 

form in size, and free from. 

inelusions ог aggrega- - INTERMEDIATE BEARING -HANGER 

tions. 

‘At the end of the crys- 
tallizer there may be an 
overflow gate where crys- 
tals and mother liquor 
together overflow to а 
draining table or drain 
hox, from which the 
mother liquor is returned 
to the process sind the wet 
crystals are raked to a 
centrifuge. In other 
cases, a short section of 
an inclined screw con- 
уеуог lifts the crystals 
out of the solution and 
delivers them to the 
trifuge, while the mother 
liquor overflows at a con- 
venient point. The ad- 
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high capacity, large ва y AT 
ing in floor space and in Caldwell, Tul, Eny. Chem., 93, 832 (1040).] 
material in process, and 

especially a saving in labor. To reach low final temperatures, the cooling can 
be obtained by the use of refrigerated brine instead of cooling water. 

The mechanism of crystallization in the Swenson-Walker crystallizer is a3 
follows: Preferably the incoming solution should be slightly superheated 
above its supersaturated temperature. It should be cooled uniformly; 
especially through the range of temperature where nucleation first occurs: 
Itis possible to seed the solution artificially, but ordinari eding is restricted 
to the fortuitous seeding from the atmosphere. If the solution is not seeded 
and is also protected from atmospheric seeding, it will tend to supercool well 
into the supersaturated region and on reaching the Miers curve will tend to 
form in an uncontrolled fashion too many nuclei. Once the nucleation begins, 
either through fortuitous seeding or by entering the Miers labile region, 
crystals and solution flow together through the remaining erystallizer length. 

It is important that the solution is not shocked at any point in the crystal- 
lizer by too rapid local cooling into producing a large crop of nuclei at that 
point. With uniform cooling, a steady growth of the crystals occurs. The 
presence of the crystals, however, and the action of the agitator, together 
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id any superficial evaporation from the surface, cause a certain amount of 
inuous nucleation along with the growth. With slow cooling, uniform 
Tooling, and а reduction of evaporation at the surface by covering the crystal- 
izer, а fairly uniform product without too many fines is produced. Ther 
18 no classifying action in the Swenson-Walker, and therefore complete umi 
ЛУШУ is not possible in the product. Under ideal conditions the Swenson- 
Walker should be operated in such a fashion that most of the nuclei are 
Ormed in a comparatively short length of the erystallizer, and such cooling 
conditions are maintained that a minimum of nucleation occurs beyond this 
попе. The supersaturation produced in the Swenson-Walker is primarily 
Че to cooling and only incidentally to evaporation. 
he capacity of a Swenson-Walker crystallizer is largely determined by 
eat-transfer considerations. An over-all coefficient: based on a logarithmic 
Average temperature difference. of 10 to 25 B.tu./CT)(hr.) (sq.ft). 
8 used and an effective heat-transfer area of 3 sq. ft. per running foot of 
Wiystallizer assumed. The number of units to be used in parallel depends on 
he total capacity desired. For most inorganic salts such as trisodium 
Phosphate, Glauber's salt, etc., a production of from 5 to 15 tons per day per 
unit can be obtained. 


ır ample 6. А Swenson-Walker orystallizer ix to cool a 23 per on of NusPOs 
ТОШ! а temperature of 104° to 77°F. During the cooling, NasPO« 12920 is crystallized. 
is desired to produce 500 Ib. of product per hour. The solubility of Na3POs at 77°F, 
is 15.5 parta anhydrous salt per 100 parts total water. The specific beat of t 
"ап be tuken as 0.77, and the heat of crystallization of 11b. of product is 63 B. 
Sling water is to enter the erystallizer jacket at 60°Е, and is to leave at 68°F. The. 
over-all heat-transfer coefficient is 25 B.tu./(sq. ft.) (hr.)(°F.), What length of 
Srystallizer should be use 
olution, "The weight of solution per hour that will give 
Wik the nid of Eq. (1). The molecular weight of Na:PO&12HsO is 480.2, and that 
of Мароз is 104.0 2/164.0 = 2.32. If a basis of 100 Ib, original solution is 
eset wo = 23. and H = 100 — 23.0 = 77.0 1b. The product obtained 
а), 


0 Ib. of erystula is calculated 


= 32.2 Ib. 


100 


In order that 500 Ib. per hr. of erop be obtained, a feed of (100/ 
Jénecemary, "The heat to be removed from the erystallizing soluti 


= 10) 


)(500) = 1550 Ib. 


ou. per hry 
per hr, 


То coal solution (1550) (0.77) (104 — 7' 
"То стумат ке: (500) (63) 


"Total = q 


The logarithmic mean temperature drop i 
(104 — 68) — (7 


(му 


The length of ezystallizer is 
9 63,700 
3U(A)« — (3)(25)(25) 
Four 10-ft. sections should be used. 
Crystallizing Evaporators. The development of supersaturation by 
Means of evaporation without substantial cooling is often carried out in 
*quipment that has the physical characteristics of an evaporator and, in 
fact, is designed essentially as an evaporator largely because the essential 
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engineering problem is one of heat transfer. Usually the equipment employed 
is so nearly like that used in ordinary evaporation that it is considered to 
be an evaporator, although the crystallization may be the more difficult 
of the two parts of the problem. In the evaporation of а salting liquor 
(€g, the precipitation of NaCl from brine in the common-salt industry) 
the crystallization is usu- 2h 
ally incidental to the Jer eyecron 
evaporation, and no par- 
ticular control of size is 
exercised. On tho other 
hand, the crystallizing of 
sugar is carried out in а 
vacuum evaporator, but 
the control is based en- 
tirely on building а cor- 
rect crystal. In this саве 
the operator brings the 
syrup to a definite den- 
sity, shocks out the de- 
sired number of nuclei, 
and grows them to the 
correct size without form- 
ing new crystallization 
centers. The control is 
exercised entirely by 
varying the vacuum and 
steam supply. 

A special case of evap- 
orative crystallization is 
the salt grainer (Badger 
and Baker, “Inorganic 
Chemical Technology," 
pp. 15-22). In the salt 
grainer the solution is 
kept hot and supersatu- 
ration is developed by 
evaporation rather than 
by cooling. Nucleation 
oceurs at the surface of 
the brine, the nuclei tend to be retained at the surface by surface-tension 
effects and to form hopper-shaped crystal agglomerates, which, when larg? 
enough, break away, drop to the bottom of the grainer, and are raked out bY 
slow-moving rake! 

Vacuum Crystallizer. Assume that a warm, saturated solution is fed 
to а Ingged closed vessel that is maintained under а vacuum and that the 
solution is fed in such в way that it reaches the surface of the liquid in the 
crystallizer. The solution will have a definite boiling temperature under 
the vacuum existing in the vessel. 17 this temperature is Јева than that of the 
feed solution, the solution will spontaneously and adiabatically соо! 40 
the boiling temperature corresponding to the vacuum existing in the vessel 
and reach equilibrium with respect to the vapor in the erystallizer. If the 
solubility of the solute decreases as the temperature decreases, the cooling 
will result, in crystallization, not only because of the cooling of the solution, 
but also because of the evaporation of some of the solvent, as the hent evolved 
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Fra. 15a.—Bateh orystallixer without booster, [Sua 
and Caldwell, Ind. Eng. Chem., 38, 628 (1940).] 
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in the cooling and crystallizing of the solution must. appear as latent heat of 
evaporation. Such a erystallizer is а vacuum crystallizer. У 3 Juti 

Ina vacuum erystallizer it is necessary to ensure that the incoming solution 
Teaches the surface and can thereby flash to equilibrium with fhe apor 
in the erystallizer. Artificial circulation is necessary to accomplish m 
otherwise the feed will tend to short-circuit to the discharge, espocially if the 
discharge is at the bottom of the vessel. Under the low absolute pressures 
commonly used in this equipment, 
a foot of hydrostatic head causes 
4 decided increase in boiling point 
of the solution; if short-circuiting 
occurs, little or по supersaturation 
Will be produced in the short 
Suited solution and it will not de- 
posit solid material. 

he vacuum crystallizer has 
become very successful during the 
bast few years and continues to 
replace many of the older types 
9f the mechanical crystallizer. 
Four forms of the vacuum crystal- 
izer аге shown in Fig. 15 [Seavoy 
and Caldwell, Ind; Eng. Chem, 38, 
627-636 (1940)] Figure 15a 
represents a simple type of batch 
vacuum. crystallizer. Propeller 
agitators are used to develop a 
swirling action in the erystallizer. 
In case the temperature in the 
ctyatallizer is high enough so that 
the vapor from it is condensable 
by the cooling water available, the 
Vapors from the erystallizer pass 
directly to в condenser as shown 
in Fig. 15а. In most cases, how- 
“ver, the cooling water is too warm 
to condense the vapor leaving а 
vacuum erystallizer at the desired 
temperature of operation in the 
?rystallizer. Та this саве а steam- 
jet booster is used to compress the 
Vapors to в point where they can , каг ith 
he condensed by tho cooling water | Yio, 15h-—Continuous пуан жиз 
duas. "The air and non-con- booster. безу an ч 
densable gases from (ће condenser 3%, 628 (1940). E А 
йге commonly ejected to the atmosphere by further steam-jet pests Bali 
pond type of vacuum erystallizer, operated by such a booster, is shown nt 
Fig. 15b. This type is operated continuously. The feed В 
that tho feed solution is forced to the surface and flashes to equilibrium wi ~ 
the vapor. Propeller agitators aid in keeping the crystals in suspension an 
in preventing short circuiting. ~ 

The forma of erystallizer shown in Figs. 15с and d сап ђе ХОРОГ ane 
#8 batch or as continuous units. "The combination of propeller es 
tube shown in Fig. 15c is effective in preventing short circuiting of the feed. 
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The form shown in Fig. 154 has an external circulating pump which takes 
suction from the side of the crystallizer and discharges tangentially into the 
cone. The agitators can be omitted from this unit. The feed is introduced 
into the circulation stream, and the circulation stream must be large enough 
that the mixed stream is not so supersaturated that it is in the labile condition. 
Batch operation has the advan- 
tage of low-steam consumption if a 
steam-jet booster is used. The 
steam required by a steam-jet 
booster to remove 1 Ib. of lo 
pressure vapor from the crystallizer 
increases rapidly as the pressure in 
the crystallizer is reduced. In 
batch cooling much of the vapor is 
removed at a relatively high pres- 
sure because the solution charged 
to the crystallizer is essentially hot 
and only at the end of the batch is 
the full pressure differential over the 
booster required and only at the end 
of the process is the maximum 
steam consumption called Гог. The Ja 
keı 
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то CONDENSING AND 
VACUUM- PRODUCING 
EQUIPMENT 


average steam consumption is 
therefore considerably lower than 
is the case for a continuous ery: 
allizer where all vapor must be 
removed under conditions where 
the steam consumption is а maxi- 


DISCHARGE 


па Fra, 15¢.—Crystallizer with vertical gita- 
а On the oth or hand, a tor. [Seavoy and Caldwell, Ind. Eng. Chem 
continuous crystallizer has the 32625 (1940) ] 


adyantages of lower first cost per 
unit of capacity, ease of control, and constant mass of crystals in the unit, 16 
is easier in the continuous unit to maintain supersaturations outside of the 
labile field. The concentration te. time relationship for a typical batch ense 
is shown in Fig. 16. 

Continuous vacuum erystallizers can be operated to give а steam economy 
approaching that of batch operation by passing the solution through a series 
of units, each provided with its own booster. In the first stages the boosters 
ure operating under conditions where the steam consumption is low and only 
the last unit calls for a maximum steam consumption per pound of vapor 
removed. Та this way the steam consumption of a continuous unit may be 
reduced, but gnly at the expense of higher investment: costs. 

Analysis of Vacuum Crystallizer Operation, The action of a continuous 
vacuum crystallizer in forming and growing crystals may be visualized as 
follows: 

Assume that the agitation and circulation in such a erystallizer are adequate 
to ensure homogenous conditions throughout the crystallizing liquid, Assume 
also that the crystallizer is fed constantly with solution oi a given con- 
centration and temperature and that the pressure in the crystallizer is 
constant. 

Under steady-state conditions there must be a definite and constant number 
of crystals in the crystallizer at all times. These crystals will have a definite 
size distribution, and a steady state is reached if the rate of formation and 
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ion of the 
Oh does not change with time. Assume also that the operation of i 
2rystallizer is auch that a crystal will not be able to leave the erysulliser 
until it has reached а definite size, Under steady-state poate nie 
пистом solution immediately flashes to equilibrium temperature. Pr 
flash results іп з certain amount of evaporation and considerable соо, 
Which develops in the solution a definite supersolubility. о етар 
mixed quickly with the bulk of the solution in the erystallizer анак ЧО 
Nipersaturation ean be assumed to exist in the bulk of the Е 
relatively high supersaturation contributed by the flashed soluti 
Maintains the supersaturation 
at a definite average value in 
Competition with the efforts of 
he crystals to destroy the 
Supersaturation. If the flash- 
ed solution is blended rapidly 
though with the liquor in the 
Crystallizer, it will not form 
new nuclei previous to its in- 
forporation with the bulk of 
the liquid. Since at all times 
there ia a definite number of 
Crystals of a definite size range, 
and also a definite supersatura- 
tion in the solution, there will 
eu definite rate of growth and 
а definite rate of formation 
Corresponding to a given ab- 
Scissa on a curve such as that 
of Fig. 11. Since there will be 
formed а constant number of 
Crystals per unit time, the rate 
$ formation of crystals must 
be equal to the rate at which 
Crystals are withdrawn from 
the crystallizer, The rate of peep, 
nucleation must adjust itself in 
Such а manner that the num- 
ber of crystals formed per unit 
lime must equal the number 
ar crystals withdrawn per unit 
ime. Also, the rate of growth il в 
must adjust itself in such а manner that the crystals formed Adde ul 
desired size in the timo available for their growth. If Ie EA Ems 
the form shown in Fig. 11, there is only one я ео 
Poth a correct rate of formation and a correct rate of атома 
Узгаја, growth rate rather than nucleation rate must be itc pulcra 
low ‘supersaturation will exist in the erystallizer. For ВЫ 
nucleation will increase relative to growth, and larger kinder uper 
пебеззагу, Rate of withdrawal (assuming that adequate flasi АИ 
liberation сап be maintained) controls all these factors ааай ОШЫН 
Taxe Of withdrawal from the erystallizer is slow, the crystals withdr. еј 
large. The capacity of the crystallizer will decrease, of course, as 
the erystals is increased. 


CONDENSING. ano 
|> VACUUM PRODUCING 
E: 


CIRCULATING PUMP р 
Fio, 15d.—Crystallier with pump circulation, 


[Searoy and Caldwell, Ind. Eng. Chem. 
(1940),] 
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Yield лот a Vacuum Crystallizer. The calculation of the yield obtainable 
їп а vacuum erystallizer depends upon the method used in the heat-balance 
calculations. A vacuum crystallizer operates essentially adiabatically. 'Th& 
heat liberated by the solution on cooling to the equilibrium temperature and 
the heat of crystallization are available for vaporizing water from the solution, 
and these thermal effects must balance. If the enthalpy-concentration chart 
is used, the total enthalpy of the vapors and magma leaving the crystallize? 
must equal the total enthalpy of the feed solution entering the unit, 


| ] | 
[I О curve 1- Without inoculation ог seeding |_| 


3o HA Curve 27 With seeding H L| 


100 


Liquid Temperature, Deg. 
| 
Sf 
| 
| 
} 
| 
| 


"EH 

LI zi | 

о 2 40 60 80 (00, 120 140 160 180 200 
Minutes Since Start cf Cooling 
Ела, 16.— Typical batch vacuum erystallizer cooling curves, [Seavoy and Caldwell, Inde 
Eng. Chem., 82, 633 (1940.)] 

In case tho heat items are computed individually, which is the method to 
be used when the enthalpy-concentration chart is not available, the еуарога^ 
tion ean be calculated by means of Eq. (7). 


= {too + HNO (AD(100 — SR — 1] + (1000 — SH) @ 
L4100 = SR — D] — «85 


where wo is the weight of anhydrous solute; Ho is the total weight of solvent 
in the feed solution; сів the specific heat of the feed solution; A is the temper 
ture range through which the solution is cooled (temperature of feed t0 
temperature of discharge); де is the heat of crystallization per unit weight o! 
crystal; Тл is the latent heat of evaporation from the solution; S is the anhy- 
drous solubility in parts solute per 100 parts total solvent; and Ё is the ratio 
of the molecular weight of the crystals to that of the anhydrous salt. Whe? 
the value of Ё is known, the yield is calculated by means of Eq. (1). 

1f the enthalpy-concentration chart is used, the simplest method of vacuum 
crystallizer calculation is опе based on the “basic construction” applicable 
to the chart. Since the process is adiabatic, a single straight line on the chart 
must pass through the three points on the chart that represent feed solution, 
magma, and vapor, respectively. Furthermore, the point representing the 


E 
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iagma must lie on the straight-line isotherm lying in the magma field and 
ferresponding to the temperature of the vapor and magma. Tho point 
representing the magma is found by locating the intersection of these two 
lines as shown in Fig. 17. The ratio 1200 
of crystals to mother liquor in the 
[ашта is found from the intersection N 
У applying the lever-arm principle — 1000 
io the two line segments on the 
straight-line isotherm, 


Ezample 7. A continuous vacuum erys- 
tallizer is fed with 100,000 Ib. per hr. of 
& 35 per cent solution of MgSO, at a tem- 
perature of 183°F, An absolute pressure 
of 0.2 Ib. per ва, in. за maintained in the 
тузы ког by the booster, and the solu- 

lon has а 10°F. ‘elevation in boiling point. 200 |— 

Calculate the yield of MgSO«7H:0, and 

0 evaporation for this erystallizer: 
1 By means of Eqs. (1) and (7). 9 
b By means of Fig. 1. 
Solution, Part a: For this take 


LË Z 9.77 Вал, per °F. per Ib, 
Ig = 1080 B,t.u, per Ib, E р, E; 
Ф = 23 Ву, por Ib. MgSOLTH:O Fia, 17.—Solution to Part 5, Example 7. 


‘The temperature of boiling water at 0.2 Ib. per sq. in. absolute i» 53°F., and the equilib- 
Чп temperature of the solution in the erystallizer is 53 + 10 = 63°F. 

he remaining numerical values to be substituted in Eqs. (1) and (7) sre: 

Wo = (0.35)(100,000) = 35,000 Ib. per br. 

MEETS E: Мав WIO _ 2 Б 

mol. wt. MgSOx 
solubility of anhydrous MgSO« at 63°F. = 33.33 parts MgSO, per 100 parte 
total water (Fig. 2) 
At = 188 — 68 = 120°F, 
Ho = 100,000 — 35,000 = 65,000 Ib. per br. 


then (ux + пе = S(R — 1] a 
из acento а ооо — 33,33(2,045 — 1)] = 6,022 x 10* 


800 


600|— 


400 


Enthalpy Btu/Lb. 


в 


(8000) (100v — 8н) = (23) (2.043)1(100) (35,000) — (33.33)(65,000)] 
= 0.62 x 104 с 
4100 — sR — 1)) Z pans > 1080[100 — 33.33(2.045 — 1)] — (23) (2.045) (83.33) 
= 68,703 


By Eq. (7) the evaporation is: 


(6.022) (10%) — 0.627 X 108 


Е = 7842 Ib. per hr, 
68,793 
By Eq. (1) the yield i М 
(100) (35, 
C v (2045) — BO = GE 


= 50,050 Ib. per hr. <> 

Solution, Part b: Figure 17 shows the graphical solution of this problem using values 
from the enthalpy-concentration chart of Fig. 1. From steam tables, the Stu of 
ich, of steam at a pressure of 0.2 per sq. im. absolute and a temperature of 63°F. ie 
1080.5 Btu. Point a has the coordinates Н = 1089.5, = 0, "The enthalpy of sm 
solution, which. has a concentration of 0.35 and a temperature of 183?F., is 0. T 
Soordinates of point b are Н = 0, с = 0,86, and straight line ab can be drawn. ae 
straight line fd is the 63°F. isotherm in the area beih of Fig. 1. The coordinates of its 
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terminals are: point f, H = —49.5, с = 0.25; point й, Н = —157.5, с = 0488. Lines 
Ja and ab intersect at point e, which has the coordinates Н = —111.2, е = 0.380. The 
average concentration of the final magma is, therefore, 38.6 per cent MgSO. The 
total magma is (100,000) (0.35/0.386) = 90,6731. per hr. The evaporation is, therefore, 
(100,000)(1 — 0.35/0.386) = 9327 Ib. per hr- 
‘The discrepancy between this figure and that found in part a (7842 Ib, per hr.) is a result 
of the approximations made in the heat-balance items used in part a. 
The fraction of the magma that is crystalline is 
0.386 — 0.2 
0,488 — 0.25 
and the yield is (0.571)(90,673) = 51,770 Ib. per hr. 


The Krystal Classifying Crystallizer. This equipment, also known ва 
the Jeremiassen or Oslo crystallizer, is characterized by the fact that the 
supersaturation is produced in a circulating stream, and the supersaturation 
ig developed in one part of the unit and released in another. In the crystal- 
lizing element itself, the supersaturated solution flows up through a bed of, 
forming and growing crystals and provides в classifying action, Three types 
of Krystal equipment are shown in 
Fig. 18 [Svanoe, Ind. Eng. Chem., 
32, 636 (1940)]. | These three types 
differ primarily in the means used 
for developing supersaturation, In 
Fig. 18a the supersaturation is ob- 
tained by heating the circulating 
stream while under a static head 
great enough to prevent its vapor- 
ization and flashing of the heated 
solution in vessel A, The vapor 
released by the flash is removed 
through pipe U. The solution, 
supersaturated with respect to the 
temperature existing in crystallizing 
vessel E, lenves the flash vessel 4, 5 
passes up through a screen in the Ею. 180 and û, Krystal 
bottom of vessel E, contacts crys- Evaporator erystallizer. 0. Vnouum orya- 

izer. [Smanoe, Ind. Eng. Chem., 33, 638, 
tals above the screen and loses 537 (1940).] 
its supersaturation while in con- 
tact with them. The overflow stream, leaving vessel А and passing to 
heater H, should be practically saturated. Feed solution is mixed with this 
solution at T. Crystals are drawn off continuously or periodically through 
discharge M. Pump P, driven by the motor forces the circulating stream 
through its circuit. Heater H is steam heated. This type of crystallizer is 
used in cases where the supersaturation must be developed entirely by 
evaporation and not by cooling. Two or more of these units can ђе connected 
in multiple effect just as in the case of an ordinary evaporator. Figure 185 
represents а vacuum type of Krystal unit. This unit is a true vacuum 
erystallizer, in that the supersaturation is developed by adiabatic pressure 
reduction on the hot, concentrated, feed solution. The feed enters at T, 
is incorporated in a circulating cycle stream, and the combined stream flashed 
in flash vessel А. Supersaturated solution passing through pipe В contacts 
growing crystals in crystallizer E, and the flow of liquid in vessel E performs 
а classifying action. Mother liquor is drawn off at N and the magma drawn 
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9 at М. Nucleation can occur in vessel E by the inoculation of the solution 
ЈУ the existing crystals and by any impact of the crystals on each other and 
Оп the wall of the vessel. · In continuous operation the rate of nucleation must 
“qual the number of finished crystals withdrawn as product. 

К The modification shown in Fig. 18e develops supersaturation entirely by 
НИЧ cooling. The circulating stream passes through the tubes of cooler 
i and supersaturated solution T Red 
lows through pipe В to the bottom fe 
of erystallizer Е; The feed, which 
should be warm and concentrated, 
enters at 7, It is incorporated 
immediately in the circulating 
Stream, the combined stream is 
Cooled in H, and supersaturation is 
thereby obtained. The diluting of 
the incoming feed with а compara- 
tively large circulating stream of 
mother liquor allows the solution to 
be cooled in cooler H without enter- 
ing the labile region and thereby 
allows this cooling to be accom- 
blished without nucleation until the 
Solution comes in contact; with the 
Crystals in E. Vessel G can be 
used to remove very small nuclei 
that reach the upper layers of the 
crystallizer E. If small nuclei are 
continually removed, the average Рио. 18e—Cooling erystallizer. [Seanoe, Ind. 
Site of the erystal crop is increased. Eng. Chem., 33, 638 (1940).] 

The action of vessel G has substantially the вате effect as a reduction in the 
tate of nucleation curve shown in Fig. 11. Mother liquor leaves the crys- 
talliver at М. 

ү I^ all forms of the Krystal evaporator the theory of the metastable region 
Of a supersaturated solution is applied; nucleation is not obtained in the 
folution while developing its supersaturation in flash vessel A or cooler H 
cause the supersaturation developed in these parts is kept low enough 
80 that the labile region of the unseeded solution is not entered. This can 
be done because of the large amount of recirculating solution. А small 
supersaturation developed in a large recirculating stream makes available to 
the crystallizer enough potential precipitating material to force eryatalliza- 
lion in vessel E. In vessel E, however, the presence of the nuclei results, 
nof only in the growth, but also in nucleation due to inoculation, impact, 
surface, and attrition to supply the nuclei required, 

Comparison of Vacuum and Liquid-cooled Crystallizers. In савок 
Where the necessary supersaturation can ђе developed by cooling, the 
choice of a erystallizer usually lies between a mechanical unit, cooled by 
transmitting heat through a metal wall, and a vacuum unit that has no 
heat-transfer surface in the crystallizer itself. In such n comparison the 
Swenson-Walker may be taken as representative of the mechanical type, 
4nd the vacuum crystallizers shown in Fig. 15, as representative of the vacuum 
type [Seavoy and Caldwell, Ind. Eng. Chem., 32, 631 (1940)], 

The main difference between the vacuum and mechanical crystallizers ia 
that the heat is removed in the vacuum crystallizer without passing it through 


Мото 
pump 
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а heating surface. This gives the vacuum crystallizer several important 
advantages. The absence of large heat-transfer surfaces results in a lower 
first cost for the vacuum crystallizer and also allows the crystallizer to be 
built of corrosion-resisting materials. The absence of the cooling surface 
also eliminates the growth of crystals on а metal surface from which they must 
be removed mechanically during operation. The limitations of the vacuum 
erystallizer are: (1) it usually requires a steam-jet booster to obtain the low 
temperature desired, and the steam consumption may be large; (2) magma 
densities may be too heavy to circulate freely in the erystallizer; (3) it may 
not be possible to attain the desired final temperature. The first limitation 
of high steam consumption has been discussed. Magma density may limit 
the cooling region available because of the difficulty of discharge and the 
difficulties of developing adequate circulation in the crystallizer. The critical 
magma density is approximately 50 to 55 per cent by weight when the density 
of the crystals is not greatly different from the density of the mother liquor 
and 35 to 40 per cent by weight when the differences in densities are relatively 
large, 

‘The difficulty of attaining the desired final temperature may be due to 
the inability of the booster to exhaust at a low enough pressure. The com- 
mercial limit of suction pressure obtainable with such equipment is about 
0.11 in. Hg absolute. This corresponds to а water boiling point of 20°F. 
If the solution possesses an appreciable boiling-point elevation, the minimum 
temperature obtainable is increased by the amount of boiling-point elevation. 
For very high boiling-point elevations, such as those encountered in erystalliz- 
ing caustic soda, vacuum crystallization is out of the question. 

‘Two further disadvantages of the vacuum crystallizer are: (1) 16 requires 
more head room than does a mechanicul-type erystallizer and (2) rubber 
linings, which are commonly used for corrosive solutions, are unsatisfactory 
for hot acid solutions. 

"The mechanical crystullizer has the advantage in not requiring vacuum- 
producing equipment, of being independent of the vapor pressure of the 
solution, and in requiring no steam. It can also handle stiffer magmas 
than can the vacuum crystallizer because free circulation is not required, 

"The mechanical crystallizer is frequently limited by the materials of oon- 
struction. The materials used must be such that they allow the transfer of 
heat and must be structurally strong enough to resist the erosion by tho 
crystals and the action of the agitators. The first cost of mechanical eryatal- 
lizera for large capacities is relatively high even when they сап be constructed 
of steel. They are subject also to the difficulties arising from the fouling of 
the cooling surface on the water side if the water is hard. The water відо 
of a mechanical erystallizer cannot usually be cleaned readily. 

In most cases where either type can be used, costs favor the vaeuum 
erystallizer. 

Cost of Crystallization Equipment. The cost of a crystallizing tank 
ог an agitated batch erystallizer will approach that of an ordinary tank 
with or without cooling coils and stirrors. The cost of the crystallizing equip- 
ment in such cases is а small item in the total cost of the operation, due to 
the heavy labor charges necessary to handle the product of such erystallizers. 

The cost of a Swenson-Walker crystallizer on the basis of steel construction 
with heavy drives when decks are 40 ft. long and standard drives when decks 
are 30 ft. long will vary from $70 to $40 per linear foot. The $70 cost is 
for a length of 20 ft., and the lower figure is for a length of 1000 to 
1200 ft. 
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The cost of a vacuum crystallizer is largely affected by the cost of the 
Yacuum-producing equipment since the balance of the construction is ordinary 
tank and piping practice. If, however, special metals or rubber-lined equip- 
ment is necessary, the fabrication costs of the material used must, of course, 
be used. A detailed discussion of other factors that influence the costs of 
crystallizing in a vacuum allizer is given by Seavoy and Caldwell 
(ос, сй.) 

Crystallization Costs, It їз hardly possible to give general cost curves 
showing the costs of crystallizing the materials that are prepared commer- 
cially in the crystalline state. The materials, the conditions of crystalliza- 
tion, and the methods of operation are too varied to give general costs 
Each individual case should be investigated as it arises. All comparative 
Costs should be made on the basis of a completed crystalline product, properly 
Screened, dried, and ready for packaging. The following specific examples 
may be of interest: 

Сале. Crystallization of trisodium phosphate, їп naturally cooled vata, Produc- 
tion, 31 tons per 24 hr. The equipment consists of 80 tanks, each 0 ft. by 12 ft. by 2 ft, 
The time of cooling із 5 days. The first cost of each tank waa $150, and accessory costa 
hes 32000, The total investment was (80)(150) + 2000 = $14,000. Operation, 300 

уз per year. 


Annual Costa: 


Depreciation at 5% ear = (14,000) (0.05) ENS 700 
Average interest at 5%, allowing for interest earned by depre 

ion reserve = (2310) (14,000) (0,05 368. 
Repairs, maintenance, and lubrication. Кау 200 
Floor rent, 10,080 sq. ft. at $0.20 per sq. ft. = (10,800) (0:20) 2,016 
Power, 20 kw. at $0.01 per kw.-hr. = (20) (24) (800) (0.01) 1,440 


Interest on material in process, at 5% interest and $0,025 p. 


Jb. = (5) (2000) (31) (0.05) (0.028)... ..... ....... 
Labor, 188 man-hr. per day at $0.50 per br. 
Total annual сов!в................... 
* ж с 33,311 
ont per ton of product (not including centrifuging, drying, screening, ete.) = Tipo GI) 
= $3.58 


Case 2. ‘Trisodium phosphate, in Swenson-Walker crystallixer, Production, 31 
tons per 24 hr. "The equipment consists of two units, each 40 ft. long. The investment 
was $10,000. Operation is 300 days per year. 


Annual Conte: 


Depreciation at 1234 % per year = (0. 
Average interest at 5%, allowing for interest earned by depre- 


ciation reserve = (4)(19,000)(0.05/2). 535 
Repairs, maintenance, and lubrication р 500 
Floor rent, 1500 sq. ft, at $0.20 per sq. (1500) (0.20). - 300 
Interest on material in process, at $0.025 per Ib. and 5% inter- 

est = (62,000) (0.025) (0.06) . X " Я 17 
Power, 15 kw, nt $0.01 per kw.-hr. = (15)(24}(800)(0.01)....... 1,080 
Water... Py 5 puto . 1,000 
Labor, 24 man-hr. per day at $0.60 and 14 man-hr. per day at 

50,50 per hr. X 0.60 + 14 X 0.50)(800).............. 6,420 

‘Total annual costs......... У . $12,287 


Cost рег ton of product (not including process costs subsequent to erystalliser) = 
12,287 3132 
(5209) ~ $49 
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It should be noted that the crystals produced in Case 2 are small (but more 
uniform and regular) than those obtained in Case 1, Coste of centrifuging, 
drying, screening, reworking of off-size crystals, ete, will be less for Case 2 
than for Case 1. If large crystals are demanded, the more expensive vat 
system would be necessary. 
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Case 3. Glauber's salt, in a Swenson-Walker crystallizer. Production, 8 tons in 
24 hr, The equipment consists of опе 24-Й, and one 30-ft. crystallizer. The invest- 
ment was $2500. Operation is 300 days per year. 

Annual Costs: 


Depreciation at 10% per year = (0.10) (2500). 
Average interest, allowing for interest earned on depreciation 


$ 250.00 


reserve = (1340) (2500)(0.05/2) Nds 68.80 
Repairs and maintenance, P V vates 120.00 
Power, 2.25 kw. at 80.0128 per kw.-hr. = 

(2.25) (24) (300) (0.0125) А 203.00 
Water, including fixed and operating costs on pumps. 600.00 
Labor (casual inspection only) 1 hr. per day at $0.60 per hr. = 

(0-60)(300)................. :..:.... __180.00 

Total annual cost. 31421.80 
Cost f prod, ystall et) ВО „_ 30.50 
Jost per ton of product (at erystallizer outlet) = Tago) = 80.5 


The following three cases are given by Seavoy and Caldwell (loc. cit.). 
In each case the design factors and costs are given for two methods: first, 
using a Swenson-Walker crystallizer (Fig. 14) and, second, using a liquid- 
cooled crystallizer. In all cases the costs include the crystallizer and its 
accessories only and do not include costs of processing steps subsequent to 
the crystallization itself. 


Case 4. Disodium phosphate, NacHPO4.12H:O. 

Саве 5. Viscose spin-bath liquor, containing by weight 8 per cent Н:804, 14 per cent 
NaSO, 5 per cent glucose, 1 per cent 22804, and 72 per cent HO, 

Case 6, Sulfuric acid solution containing ferrous sulfate to be ci 
Fo804.7E:0. 

The pertinent quantities involved in tbese cases are shown in the following tables: 
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4 5 6 


Laid | vsus | oid | vacuum | 19988 ушшш 


cooled cooled 

Type of erystallizer Swenson- | Single | Double | Single 
ý Walker | stage | pipe stage 

‘Type of operation. Cont. Batch. Cont. Batch 
Fooling water, gal. per min None* | 2900 lp | 675 
7» 52 50 80 5 » 
000 MET 

jn, b. per hr ai T 

eal, per min. @ 


rine refrigeration, tons per day 


ster evaporated, Ib. per day 34000 


Materials of construction Steel and | St Rubber- | Steel and 
cast iron | 4 lead 

Approx. space (len width, |100 x 50’ 30x WY 

igit) s Cents vid w | X i0 
Installation eost $52,000 $30,000 

Jperating casto, cot Per Year, 

Interest and depreciation 15 | {i an 

„ Per cent, $7,200 34200 $21,000 | $9750 $4,500. $200. 
Cooling жые ai et. per 1000 

gal. 1.868. 1,556 | 15,040 933 3.500 
Power at | сї, per kw >be 4510 3350 | 484) 5450 1450 | 2160 
Refrigorntion at 1.4 kw. рег бе ves 
оно : у 
Steam nt 30 eta, per 1000 tb Я 20280 51H 
Labor ut 20 ска, per man-hr. 5328 2,664 10,656 5328 2,664 2,664 
Maintenance. 3.120 700 8,400 1.950 3.000 540 
„Groes operating cod. 22626 | 14155 | 25146 | 57968 | 20772 | 16248 
Credit Tor water svaporaied Зө 12700] 430] 

Net operating cost. 322626 | $10,526 $75,146 | $45,268 $20,772 312,018. 

| 


mmonia condenser. 


* Not including cooling water fo 
iding cooling for ammonia condenser. 


Cool part way with water, Notini 
$ Exclusive of building and foundations 
J Тийе elect economy: 04 Ib steam per Th, evaporation, 
| Single effect economy: 1.25 Ib, steam per Ib, evaporation, 


1798 MECHANICAL SEPARATIONS 


Operating Conditions and Thermal Data 


| Case 
Tem ال‎ 
[кш ا‎ 
| мою | 150,000 42000 
300000 | 25000 | 125000 
ity, : dr] абат: 50 
Feed temperature, °F. n | m 105 140 
Final temperature, "P... TRIES] IUD | 41 50 
Initial erystallisation temperature, “F. à | аза | 58 E] 
Bolling-point elevation of feed solution, ^F. ом 8 it 
Boiling-point elevation of mother liquor. “F. 8 9 15 
Available cooling water temp. (шах), “Р. 80 a5 30 
‘Available steam pressure, lb. per sq. n. e 125 125 
Specific heat of solution and mother liquor (exsumed) 0.65 | 0.85 0,85 
Specific heat of erystals 0.40 0.35 030 
Hiat ol corda pe, De: pec lly ecl | 70 105 2 
‘Available refngerated bri 10 20 


CAKING OF CRYSTALS 


A problem that is often met in handling crystalline products is their 
tendency to cake or bind together. This is often troublesome in bulk storage 
or in barreled products, but is most serious in those савев where crystals 
are soldin small packages. The difficulty may exist in degrees, varying from 
loose aggregates that fall apart between the fingers, to solid lumps that can 
be crushed ошу by considerable force. The demand of the average consumer 
that the material shall flow freely from the package makes the prevention of 
caking a serious problem for the manufacturer. 

Critical Humidity. Just as the vapor pressure of water is fixed by its 
temperature, so the vapor pressure of any solution is fixed by its tempera- 
ture at an amount somewhat lower than the vapor pressure of water at that 
temperature, Ifa saturated solution is brought into contact with air in which 
the partial pressure of water is less than the vapor pressure of the solution, 
the solution will evaporate. On the other hand, if the air contains more 
moisture than this limiting amount, the solution will absorb water until it ів 
во dilute that its vapor pressure is equal to the partial pressure of the moisture 
of the air with which it isin contact. If а crystal of a soluble salt is in contact 
with air that contains less water than would be in equilibrium with the satu- 
rated solution, the crystal must stay dry, because if it were surrounded with a 
film of solution, that solution would necessarily evaporate. On the other 
hand, if the crystal is brought into contact with air containing more moisture 
than would be in equilibrium with its saturated solution, then the crystal 
will become damp and in time will absorb water until it is completely dis- 
solved, and the solution is so dilute that it is in equilibrium with the air. 

In the range of temperatures around ordinary room temperature, the vapor 
pressure of a given solution varies with temperature in such a way that it is 
nearly a constant percentage of the vapor pressure of water at the same tem- 
perature. Saturated sodium chloride, for instance, has a vapor pressure 
approximately 80 per cent of that of water at the same temperature. If 
sodium chloride, therefore, is brought into contact with air of more than 
80 per cent relative humidity it will absorb moisture, while if it is brought into 
contact with air of less than 80 per cent relative humidity it will stay dry. 
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From this follows the conception of critical humidity of а solid salt. This 
18 the humidity above which it will always become damp and below which 
{5 ill always stay dry. If the crystal should be coated with impurities 
derived from the mother liquor from which it was separated (in the case of 
*odium chloride such impurities would be calcium and magnesium chlorides), 
this may result in а critical humidity higher or lower than that of the pure 

» according to whether the impurities give solutions having greater or 
less vapor pressures than that of the salt in question. Consequently, the 
critical humidity of a commercial grade of a crystalline material may differ 
“ppreciably from the critical humidity of the pure substance. 

Prevention of Caking. Suppose a sample of sodium chloride be exposed 
for а short time to an atmosphere more moist than its critical humidity and 
then that it be removed to an atmosphere less moist than its critical humidity. 
During the first period it will absorb more moisture, and during the second 
Period it will lose this moisture. If the crystals are large, so that there are 
relatively few points of contact and there is a large free volume between the 
"Тувіаја, there will probably be no appreciable bonding of the crystals due to 
this solution and reevaporation, if the time of exposure is not too great, T, on 
the other hand, the crystals are fine, or have a small percentage of voids, or 
Are in contact with a moist atmosphere for a long time, sufficient moisture 
jay be absorbed to fill the voids entirely with saturated solution; and when 
this has been reevaporated the crystals will lock into а solid mass. Conse- 
quently, to prevent the caking of such salts, the following conditions are 
desirable: (1) the highest possible critical humidity; (2) a product containing 
Uniform grains with the maximum percentage of yoids und the fewest possible 
Points of contact; (3) a coating of powdery inert material that can absorb 
reasonable amounts of moisture. 

The first condition (maximum critical humidity) is often met by removing 
impurities, such as calcium chloride in the case of common salt, free acid 
Where a salt is formed in acid solution, etc. It often happens that the impuri- 
ties have a lower critical humidity than the product desired, although thia 
is entirely accidental. То increase the per cent of voids, it is not necessary 
to produce larger crystals but to produce a more uniform mixture. For а 
given crystal form, and for absolutely uniform crystals as to size, the per cent 
9f voids is the same no matter what the size of the crystals. А variation 
in particle size, however, rapidly decreases the per cent of voids. On the 
other hand, a fine product has more points of contact per unit volume than в 
coarse one and, hence, a greater tendency to саке, ‘The third remedy ів not 
always applicable. Illustrations of its use are dusting of table salt with 
magnesia or tricalcium phosphate and the dusting of flake calcium chloride 

25 per cent НО) with anhydrous calcium chloride. 

Some hydrated salts have a melting point so near room temperature that 

ey may sometimes be stored under conditions where fusion begins. Here 
“gain the same considerations hold, for, if the percentage of voids is large or 
the points of contact between adjacent crystals few, the amount of fused 
Material may not be sufficient to lock crystals together on resolidification. 

f, due to extremely fine crystal size or a mixture of sizes, the percentage of 
Voids is too far reduced or the number of points of contact too greatly 
increased, the crystals may be firmly locked on resolidification. In this case, 
Also, caking may be partly prevented by dusting the crystals with powdered 
material. In the case of hydrated salts, this powdery material may be 
Produced from the salt itself by drying under such conditions that a very thin 
Surface layer is dehydrated. 
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HEATS OF SOLUTION 
Inorganic Substances 


Heat evolved, in kilogrami calories per gram formula weight, on solution in water at 18°C. 
‘Computed from data in Bichowsky and Rossini ‘Thermochemistry of Chemical 
Substances,” Reinhold, 1936 


] 
Substance Dilution* 
Aluminum bromide ag 
chloride.. E] 
ве | 
fluoride м | 
| « | 
aq 
iodide | a 
sulfate. | ag 
| ag | Als(80.)3.61:0 +56.2 
а 50): 18H:0 +67 
Ammonium bromide. | a 445 
chloride, | mmm 3.82 
chromate ад 582 
dichromate, 60 2:9 
iodide E 3:56 
nitrate = 547 
perborate. E 
lite... ex. 4i EA 
sulfate, acid. мо | 14,56 
sulfite. | a 12 
| ag EE 
Antimony finoride | ag E 
iodide | aq (Ы =0'8 
‘Arsenic seid. | ag 0.4 
Barium bromate E ~15.9 
bromide. | = +53 
|| E 
| of 11:0 -3.87 
chlorate, | = _|виао» —67 
| @ | | Ва(@буьню 10.6 
chloride. | • +14, 
= M 
= 45 
eyanide El i +15 
uq | Вазн =24 
а. | Ba(GN).2Hs0 -49 
iodate. = D 
Jos <3 
iodide. = 1105 
|. ge +27 
= +04 
= 20.58 
= EJ 
nitrate... 5 = -10.2 
perchlorate. sc —28 
= =10.5 
sulfide. = EE 
Beryllium bromide га 462.6 
chloride oq FSET 
j P] ime 
5 aq +181 
a |веоњо 55 
ag | вез 20.0 474 
E] +! 


The numbers represent mols of water used to dissolve ] g. formula weight of substance; зе means 
"infiite dilution’; and ag means "aqueous solution of unspecified dilution.” 
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Inorganic Substances.— (Continued) 


Substance | Dilution 
Bismuth iodide, 
Borie acid. a 
Cadmium bromide. 400 
400 
chloride 400 
40 
400 
E 
p 400 
sulfate, А | 40 
0 
Calti о 9 
Маша acetate > | 40805 
= || CHON HO 
bromide, = 
chloride, 5 
5 ius 
5 24 
formato РА E 
formate. 40 
iodide Е +280 
= 8 
nitrate, z E 1 
I5 292 
- db 
phosphate, mono, ay EL 
nigy., 1598 э $5.1 
| = аво 436 
© | = SoHo uan 
hromous chloride | = Сов не 
| 130 
сй ag 46:3 
obaltous bromida | м fus 
Chloride, 40 +3 
400 + 
5 | ж 229. 
lodide. | og +18.8 
liate, | % +13 
b = 
А 400 EN 
Ов nestato, | м 24 
inate. | i 
nitra | № +з 
200 3 
200 107 
О 800 3155 
+93 
| 235 
Cuprous sulfate, | o | Саво, +116 
Ferrio chloride... | 1000 ви 
| 100 +56 
aitrate BE] 591 
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MECHANICAL SEPARATIONS 
Inorganic Substances.— (Continued) 


Substance 


| Dilution 
| 


Formula 


Ferrous bromide. 
chloride. .....- 


iodide. 
sulfate.. 


Lead acetate. 


bromide 
chloride. 
formate. 
nitrate 

Lithium bromide. 


chloride, 


fluoride 
hydroxide. 


iodide, 


nitrate, .. 
milfate, 


Mognésium bromide 


chloride. 


iodide. 
nitrate. 
phosphate. 
sulfate. 


шве... 
Mangaaic айгы... 


sulfate... 
Manganous aestate... 


АВВ ВЕ ЕВА В ВВ ЕВЕ ВЕ ВНЕ В азе ЕЕ EbBirtrtt 


аваљакавањавнивавввинаћ 


| Fe80-7H:0 


| Po(Cs309: 
Pb(CsHs02):. 
РВ 

РЫС 
Pb(CHO3» 
РАСХОД 


он 

шон 16840. 
LiOH.B:O 
LI 


ХО. 
TiNOs3H20 
1580, 
180.0 


Мей:2н0 
Маб AH 
6:0 


SOHO 
MSO ZHO 
MgS0.4H:0 
MSO, 6H:O 
MgSOL7H:O 
MaS 
МО 


ону 


+107 


ЕЕЕ 


MEZ 
ЕВ 


HEATS OF SOLUTION 
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Inorganic Substances.— (Continued) 


aluminum sulfate 


bicarbonate. 
bromate. 

bromide... 
carbonate., 


Substance Dilution Formula Нем, EE 
Manganous, brani = = Tm. 
ag : 
a |А 3161 
сонде, Ф | ёо 
8 | ES 
400 
Formate... | с H3 
iodide... = #2 
філ 
~“ ini 
= rd ini 
nile... F^ > ini 
400 Осно Tus 
т 400 | Мо50:79.0 ay 
Mercurie acetate og | висвој EC 
bromide а — |Hebrs 224 
chloride a 233 
nitrato, = 207 
Mereurous шї E 215 
Nickel bromide | +19.0 
de | м 
2 
chloride | № Prga 
500 14 
800 EE 
800 MEO 
iodide. = 194 
[ro E Hs 
20 D 
эше, Es +51 
20 | Ni80.7H.0 4:2 
Phoephorie acid, ortho-. 0 [EDO ино iip 
ло. ПРО +5 
T “ +4.65 
Potassium acetate. Pp 4355 
60 
2000 


chlorate... 
chloride., 
"гота 
chrome sulfate, . 


FD 


cyanide... 200 
dichromate.. 5 | 1600 
fiaoride, ... = 


hydrosulfide. 
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Inorganic Substances.— (Continued) 


Substance Dilution Formula 
| 


Potassium, hydroxide | кон 
XOlLsq.0 


iodate 
iodide 

nitrate. 
oxalate 


perchlorate 
permanganate. 
phosphate, dihydrogen, 
yrosuliite 


sulfate 
sulfate, acid. 
sulfide. 
sulfite 


thiooyanate 
thionate, di- 
(оеш! 


Silver алеје. 
nitrate 
Sodium acetate. . 


arsenate 


ЕГ 


bicarbonate. 
borate, tetra, 


bromide... 


carbonate... 


Мои 
NasCOs10H:0. 


chlorate, 
chloride. 
chromate, 


cyanide, 


8 


fluoride... 
hydrosulfide.. 


hydroxide. 


iodide. 


‘motaphosphate 
nitrate.. 
nitrite. 
perchlorate. 
phosphate, 


HEATS OF SOLUTION 1805 
Inorganic Substances.— (Concluded) 


‘Substance Dilution Formula 
Sodium, phosphate E 160  |NaPOLIZH:O. 
[3 о) o | NeHPOCHO 
1600 : 
1600 
phosphite, шопо-... с | во 
Ф 
di-. 800 
800 NasHPOL5H:0 
 Pyrophosphate. 1600 М№МааР:О; 
1600 
120 
sulfate, м 
эшме, acid, . ЕЛ 
slide, m 
= 
thiocyanate z EE 
thionate, di. a EL 
thiosulfate Е EU 
Stannio bromide, Fi n» 
Stannous bromide... ar —1:6 
NS ЕЧ E 
Strontium ace = 
ee c0 | CHO: 44120 $5.9 
bromide. PE. ЕСА 
> 65 
ri toi 
= —6.1 
chloride, = xni я 
5 42:95 
© —7.1 
iodide... , = 3207 
= Tee 
= +10.4 
= —4.5 
Bitrate, А = 3 phe 
„тшме... > > E 
Sulfurie scd, ру... = 18:0 
Zine acta 400 49.8 
tate, ш О +10 
400 Та СЬН:0:).2Н:0. +3:9 
bromide, 202. = a | 40 2 t UA 
D E |- «o. xij 
nitrate, o | ZANO: 3H0 -5 
4 | Za(N03)s. 68:0 ET 
о 400 |20806 8.5 
Te 400 | SOHO 0.0 
0 |2801680 0:8 
400 78:0. 3 
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unless otherwise noted. 
lated by E. Anderson. 


Solute 
Acetic acid (solid), СУНАО», 
Acetylacetone, CsHa0z 
‘Acetylurea, CoH 
Aconitic acid, CHO. 
‘Ammonium benzoate, СҮН» О... 
picrato 
succinate (п: 
Aniline, hydrochloride, CeHsCIN. 


Barium pierate. . 
Bensoic acid, С.Н 


Camphoric acid, СыНи Оч... 
Citric acid, СеНьОт.....--- 


Dextrin, CuO... 
1: E NOI SOM 


Fumaric acid, 


Hexamethylenetotramine, C«HuN. - 
Hydroxybenzamide (m-), CzH:NOs. . 
(m-) (HCI) 
(o-) CrHsNOs, 
(р-) 
Hydroxybensoie acid (о-), CrH«Os. - 
(р-), CrHsOs. 
Hydroxybenzy! alcohol (o-), 


Inulin, СиНаОн........ 
Itaconic acid, ClO 
Івовиссіпіс acid, CHO 


Lactose, CuHsOn.H:O . 
Lead picrate. . ét 
(ано). 


Magnesium picrate. . . 
(81120). 
Maleic acid, CxO. 
Майе acid, CHeOs 
Malonic acid, Chie 
Mandelic acid, CsH2Os, 
Mannitol, 
Menthol, 


Nicotine dihydrochloride, СНС. . 


Nitrobenzoie acid (m-) C;HsNOu. 
(œ), CrHsNO«. 
(p-) CHNO, 


+ + denotes heat evolved, and — denotes heat absorbed. 
"The data in the "International Critical Tables" were calcu- 


MECHANICAL SEPARATIONS 


Organic Compounds in Water (at Infinite Dilution and Approximately 
Room Temperatur 
(Hecaleulated and rearranged from "International Critical Tables," vol. 5, pp. 148-150) 


Heat of Bolution, 
G.-cal. per G.-mol 
Solute 

—2351 

—641 
—6,812 
—4,206. 
— 2,700 


101 48 


—5,903 


4,780 
– 4,161 
— 7,008. 
= 4,340 
— 5,392. 
— 6.350 
— 5.781 
—8,203 


—96 
. —5,922 
— 3.420. 


3,705 
—7,008. 
–13,193 


14,699 
— 15,804 


All values are positive 
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Organic Compounds in Water (at Infinite Dilution and Approximately 
Room ‘Temperature)—(Concluded) 
Heat of Solution, 
G.-cal. рег G.-mol 


s Solute Solute 
Nitrophenol (m-) СН» . 3 -5210 
@-) CXHsNOs..........- —6,310 

(p-) C«HiNO;....... —4493 

Oxalic acid, CsH:O« —2,390 
(28:0). —8485 

Phenol (solid), C«H,0...... у eee 2,805 
Phtbalic acid, CHO, 5 lei = 4871 
Piorie acid, Cua NOn... 22 —7,098 


Piperic acid, Санио 2227 VID 10,492 
Piperonylic acid, CxHsO«. — 9,106 
Potassium. benzoate, à » a ake 1,506 

citrate... п " 2,820 


tartrate (n-) (0.5 HO) 5,502 
Pyrogallol, CaO». — 3,705. 
Pyrotartarie acid —5,019 
Quinone......... ee. 8991 
Ва шов, CisHisOie (5H40). pO .. 9708 
Resorcinol, Сан)... > Ў "m 
Silver malonate (n-). ........ EP eee Рача eaten 
Sodium citrate (tri-)........ А DUM M 5,270 
pierate .. А S. —6441 
potassium tartrate 2 —1,817 

— 12,342 


succinate (n-) 


tartrate (n-). E E 
(2H40) 
Strontium piorate;..... 
(0H:0) 
Shecinic acid, CHiO, 
Buceinimide, С.Н ХО: 
Sucrose, СыНыОн.. 


Tartarie acid (d-) 
‘Thiourea, CHiNss 


Urea, CHiN3O, . 
acetate, 
formate, . 
nitrate. 
oxalate. 


Zine picrste..... 
(8H40) 


CENTRIFUGES 


BY A. E. FLOWERS 


Definitions. A centrifugal force is produced by any moving mass that 
is compelled to depart from the rectilinear path which it tends to follow, the 
force being exerted in the direction away from the center of curvature of its 
path, A centrifuge is a machine designed to subject material, held in 
it or being passed through it, to centrifugal force. A batch centrifuge holds 
material so that it may be subjected to centrifugal force, А continuous 
centrifuge passes material in a steady stream through а part of the centri 
ugal apparatus, where it is subjected to centrifugal force and continuously 
discharges the separated components. А centrifugal clarifier is a machine 
designed to subject a mass or stream of liquid to centrifugal force, thereby 
clearing it by removing any small particles that were in it. A centrifugal 
separator is machine designed to subject а mass or continuous stream 
of mixed liquids to centrifugal force, thereby effecting their separation: 
A centrifugal purifier is a machine designed to remove, centrifugally, 
foreign materials (such as water or dirt) from a liquid passed contin- 
uously through it, thereby purifying it. A test-tube centrifuge car- 
ries cups or graduated test tubes to hold material to be subjected to 
centrifugal force and is usually employed for the purpose of measuring 
the quantities of the separable components present and of estimating 
their separability. A basket centrifuge is a machine designed to hold à 
mass of material (such as clothes, masses of crystals, etc.) and subject them to 
centrifugal force for the purpose of removing water or other liquids. Sue 
machines usually have fairly large “baskets” or “bowls” and are operated at 
moderate speeds, (The term centrifugal drier is often used for such machines 
but is less appropriate since complete drying is not usually carried out by such 
machines alone,) А basket centrifuge of the overflow type discharges the 
liquid over the basket lip, retaining the solids in the basket, А centrifugal 
filter is a centrifuge carrying a filtering medium (cloth, paper, or metal screen) 
to catch, or strain out, the solids to be retained in the centrifuge while allowing 
the liquids to pass through and be freely discharged. 


THEORY 


Force A 

The force on a particle, compelled to move in 4v $^ дну 
а circular path, is determined by the “acceleration” veloci 
toward the center, or rate of change of velocity 
direction sway from the linear path any rotating 
particle tends to follow. 


The centrifugal force may, therefore, be expressed 
as: 


т Fra. 1.—Derivation of 
тый а) centrifugal force. 


F 
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Where P is centrifugal force in grams; W is weight of particle in grams; r 
15 radius of curvature of path in centimeters; w is angular velocity in radians 
Der second; g is acceleration of gravity, usually taken as 981 in centimeters 
Рег second per second. 

Also 


Where V is peripheral velocity in centimeters per second or 


w ; 2 
900 y” Pm (3) 
F = 1.118} (ran)? 107 


where the angular velocity is expressed in revolutions per minute (r.p.m.). 
The force on a ring section, or cylindrical element, of the bowl, or vessel, 

Tequired to hold the material being processed, due to its own 

Mass, may be expressed approximately as follows: 


T, = "ти? [5 
П 
ог 
(5) 
к ны (oy ке on w ring 


900 g 


where Т, ја the unit stress in the ring section in grams per square centimeter; 
5, ia the specific gravity of the wall material in grams per cubie centimeter; 


r is the mean radius of the ring in centimeters. — 
The force on a liquid at various depths results ins /— /77 — ~À 
Unit liquid pressure which may be expressed as follows: rel у) 
- 7)) 
Py = Hutri — т) (0) vit 
0 ма 


Where rs ја the radius at any point in the liquid bed forwhich _ Fro.3.—Deri. 

the pressure is to be calculated; rı is the radius of the inner vation of centrifu: 

liquid surface. i Yon on 
Tf the radial thickness of the bowl-shell wall is expressed “9 

by the symbol s then the average unit tension produced by the liquid pressure 

Pi at the inner wall of the bowl shell is: 


(8) 


or 


(9) 


or 
(10) 
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The total stress in the bowl-shell wall is the sum of that due to the wall 
material and that due to the liquid bed, assuming ¢ small in comparison to 
ть, во that та may be substituted for r in Eq. (4). 


т = Т. + т, == [~ TA се = ә] (11) 
0 2s 


The force on balanced columns of different liquids of different specific 
gravities which are being separated centrifugally determines the radial рові- 
tion of the line of division between the liquids, since the heavier liquid takes 
the outer position in the bowl and, owing to its greater specific gravity, will 
discharge over а lip or through a non-restricted opening farther from the axis 
of rotation than the opening for the lighter component. If the velocities of 
the liquid through the bowl passages are not во great as to 
веб up considerable viscous and turbulent flow resistances, п 
and particularly if the flow lines are radial, out and back EN 
(so that slippage is avoided), then the two liquids will — |* 
balance each other about a cylindrical zone, with the | 
lighter component filling the inner space to its small P 
diameter discharge lip and the heavier component the Lang 
outer part of the bowl, past the partition wall (or top disk) 
and back to its larger discharge lip. , 5 

Tho position of this neutral zone and that of the parti- Yation of centrifuge) 
tion wall are important factors in the performance of а Que to a liquid. 
centrifuge. 

‘The partition wall is usually given as large а diameter as the inside wall of 
the bowl shell will allow in order to allow a wide range of positions for the 
neutral zone. The position of the neutral zone governs the proportion of 
the total centrifugal effect applied to each component, Obviously when the 
neutral zone is near the center the lighter component gets but а small amount 
of exposure to the centrifugal separation or purification, the major effects 
being exerted on the heavier component. Тһе cream separator is an example 
of this kind in which the performance is judged by the ability to remove the 
last hundredths of a per cent of butter fat from the heavier skim milk. 

When the nentral zone is near the bow! wall, or rather the partition wall, 
the major centrifugal effects are exerted on the lighter component, The 
oil purifier for removing moisture from electrical insulating oil is an example 
of this kind where the last thousandth of 1 per cent of moisture must be 
removed from the oil in order to get a high dielectric-strength test. 

Since the neutral zone is at the line between the two liquids, itis desirable 
that the feed should be brought їп or through the bowl as near to the neutral 
zone as is feasible. 

‘The exact position of the neutral zone can be adjusted by adjusting the dis- 
tance from the center, of either the inner or the outer of the two discharge lips- 

Tt may also vary, or be varied, if either of the two components on their 
way from the neutral zone to their respective discharge lips are not guided 
radially, во that some slippage occurs. If slippage occurs in a component 
moving toward the center then it will retein a portion of the peripheral veloc- 
ity it possessed at the larger diameter and will “run nhead” or have a greater 
rotational velocity than the corresponding radius of the bowl part. This will 
result in a greater back pressure which will in turn restrict the flow of this 
component and displace the neutral zone. 

If slippage occurs оп а component moving to the outer parts of the bow! 
it will “run behind" the bowl and so having a lower rotational velocity will 


Fra, 4.—Deri- 
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xert less pressure on the bow! shell and in the radial space between the neutral 
zone and the partition wall. Slippage is useful as a means of control of the 
Tatio of the two discharges to each other in constant through-put types of 
Machines such as cream separators. 

„ The expression for the relation of the position of the neutral zone or balance 
Circle for radial flow (no slippage) and negligible fluid flow friction may be 
developed as follows: 

. The static pressure on the bed of light liquid L between the inner discharge 
lip and the neutral zone must equal that of the bed of heavy liquid H, where 
the two lips allow a free discharge into receiving covers or vessels under equal 
Pressures. 


From Eq. (7) the liquid pressures may, therefore, be stated as 


Рр (at the neutral zone rs) = Ри 
Therefore 


(12) 


The difference in the densities of the two liquids exerts the major effect on 
the position and stability of the balance circle. If this difference is too small, 
Separation becomes difficult through sensitiveness to other, though small, 
disturbing influences; or oven impossible, though separations may be effected 
easily with differences in densities as small as 3 per cent, and a fraction of 1 per 
cent by special constructions. 

The expression in Eq. (12) shows that the position of the neutral zone radius 
7» may be adjusted by increasing or decreasing the radius of either the inner 
lip ri or the outer lip ғо to compensate for differences in the specific gravity 
ratio of the lighter to that of the 
heavier liquid. Both are made use of 
in different types of bowls, though more 
often the adjustment of the radius of 
the outer lip for the heavier component 
is the one employed. 222 heavier, outer 

The forces producing the ý , component 
through-put or pumping capacity 3 
have no necessary connection with the 
separating or the clarifying capacity 
(though often confused with them), as 
it may be seen from Fig. 5 that a bowl 
must function as а centrifugal pump 
with a pumping head determined by 
the radial columns or heads A and В 
between the check ring, whose radius re T 
determines the overflow capacity, in pig, 5. -Diagrammatic representation ot 
relation to the radii of the inner and е principle of а separating bowl, 
Outer lips т; and т». Thus the head for ees 
the lighter liquid is A = r; — re, and the head for the heavier liquid is В = 
Te — те. 

The pumping capacity is finally determined by these forces, and by the 
fluid friction-resisting effects, mainly turbulent friction, The volumetric 


i. Check ring 
Y. Discharge lp for lighter 
{ finer component 
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pumping capacity varies but little, if at all, with the specific gravity of the 
liquid, as the pumping force increases along with the turbulent resistance to 
flow. 

Tt is obvious, however, that the passages into and through the bowl should 
be ample in cross section and free from unnecessary sharp angles, turns, соп- 
strictions, and pockets. 

It is undesirable to have the pumping capacity very greatly in excess of the 
separating or clarifying capacity, as this may result in only partially filling the 
bowl or the introduction of air drawn in with the feed. 


Liquid-solid Separation (Clarification) 


Settling Rate for Large Particles—Turbulent Motion. The centrifugal 
force acting on a large particle moving through a liquid of different net specific 
gravity brings the particle to a terminal velocity at which the resisting force, 
due to the hurling of the liquid out of the path of the particle, equals the 
centrifugal force. The conditions assume that the size and velocity of settling 
of the particle are sufficiently great to render the viscous resistance of the 
liquid negligible compared with the turbulent resistance. 

"Thus we have: 


Р = Е. 
Toda 
күнү, 


азу, 
а 


‚Кови 


ва — вота? tiay 

3 Koi Fra. 6.—Disgram 

‘The coefficient K may be taken as 0.5. be een 
Equation (13) and Fig. 6 show that clarification of tinuous centrifuges. 

large particles, encountering mainly turbulent resistance 

to settling, is easier for lurge particles of high density in alight liquid. Equa 

tion (13) may be condensed by the use of the symbol D to 


Vi = рт (14) 


A particle will be removed from the stream of liquid, if the velocity Ver 
which ig determined by the through-put rate, is sufficiently low for the settling 
velocity У, to bring the particle through the settling distance S before the 
particle has been swept on out in passing through the travel distance Y. 

‘The limit for settling out such a particle is that its settling time £, through 
the settling distance 8 shall be just equal to, or less than, the time ts required 
to move through the travel distance У, or 

Зал. 

From this, the limiting velocity Уг, which determines the maximum clarify 

ing through-put, may be expressed as 


Т 
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This shows that the clarifying through-put capacity is directly proportional 
to the travel distance and inversely as the settling distance. The value of the 
Settling velocity V, is determined by the centrifugal forces, the excess of the 
Particle density above that of the liquid and the turbulent resistance of 
the liquid to motion through it. The value for the average settling velocity 


may be obtained by integrating Eq. (14) and substituted above for V,. This 
gives 


Ve 


da*(b, — 5j) 


3 Коб; as) 


E28 
The capacity or volume of liquid passed through a bowl is (ће product 


of the through-put velocity and the section area for fow. In this simplified 
case 


С = Ver(rs? — то) 


Substituting from Eq, (15) and noting that S = (rs — ге) in this simplified 
case, 


=r”) V2 do*(b, — ài) (10) 


(та — то)? 3 Коб 


If ro/r; = 0 may be considered negligible compared to ть, then the capacity 
for complete separation of particles of diameter equal to or greater thant d is 


dê» — à) 5 
== —- 17 
AE kgbi gn 


Settling Rate tor Small Particles—Viscous Resistance, The set 
табе for small particles is determined by the viscous resistance of the li 
Medium to the motion of particles settling through it. Stokes has shown that 
this resistance may be expressed in grams as follows: 


where г is the absolute viscosity of the liquid medium in poises, and the other 
*ymbols have their previously given definitions. 

„The velocity of settling of such a small particle increases until the forces of 
viscous resistance equal the centrifugal settling force. 


And from this 


(18) 


The clarifying through-put for. these very small particles is here, also deter- 
mined by the limiting velocity Va, which would just permit веш out 
through the settling distance 5 before passing through the travel distance У. 
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"Therefore, 
Y 
Vez s" 


Integration to get the average velocity of settling Va, caused by the centrif- 
тура force at different radial positions for the settling particle, gives 


(19) 
The capacity of the bowl, ог volume passed through is as follows: 
C = Ve X (section area for flow) = Ver(rst — ret) 
and since in this simple case 8 — n) 
тҮз — à) (ret — ro)? 
с пуан = B) (v ? 
' S6z(rs — то, e» 
и ag 
n 
чыз, — 
с "Үйші = û 28 


362 
These equations are not directly applicable to conditions where the settling 
is controlled partly by turbulent and partly by viscous resistance. Actual 
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capacities cannot exceed, but must be somewhat less than, the lower value 
of either Eq. (18) or (20). Both sbow that decrease of particle diameter 
makes complete separation increasingly difficult, particularly for separation 
of very small particles from a viscous medium. 

Settling Rate for Microscopic Particles Hindered Motion. When 
the particles become of such small sizes, relative to the size of the molecules 
of the liquid through which they must settle (or rise), or the temperatures so 
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od that Brownian movements appreciably disturb the settling, it may 
jme practically impossible to effect separation without pretreatment for 
Agglomeration of the particles or their adsorption on larger particles of some 
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Fro. 8.—Centrifugally produced liquid pressure for water. 
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Fic, 9,—Centrifugally produced liquid stresses in shell wall 1 cm. thick, for water. 
тоге readily settled material, or their transfer into another liquid which may 
carry them with it. Settling is hindered also by crowding and ceases at high 
concentrations. 
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Each case of this kind requires individual study by the aid of the miero- 
scope, ultramicroscope, and by laboratory tests on the mechanical, chemical, 
and physical factors of the colloidal eonditions. 
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Liquid-liquid Separation 

In liquid-liquid separations the radius ту for the neutral zone, given in 
Eq. (12), also shows that the heavier liquid is subjected to the separating 
effect of the outer part of the bowl beyond га and conversely the lighter 
liquid by the inner part. The neutral zone should be controlled by the radius 
of the discharge lips to в smalt value where the higher degree of separation 
is desired for the heavier liquid, and to a large value where this is desired for 
the lighter liquid. 

‘The feed should always be at, or close to, the neutral zone radius to avoid 
recontaminating one or the other of the separated components. 

It is desirable that the position of the neutral zone should shift as little 
ав possible with change of proportion of one component to the other and of 
through-put. 

To secure stability of the neutral zone, the flow should not be needlessly 
restricted either in or out of the bowl and should be guided in radial directions 
so that slippage is minimized. 


Liquid-liquid-solid Separation 

Where two liquids are to be separated from each other and at the same 
time the separation of solids is to be effected, the bowl must be provided not 
only with two discharge lips placed at different radial distances from the 
center line of rotation suitable for the difference in specific gravity of the 
liquids but also with a sludge space to hold the solid sediment, Ifa sludge 
space is provided, both kinds of separations may take place simultaneously. 
provided only that the solid sediment is of higher specific gravity than the 
heavier liquid. If it should happen that the solid is intermediate in specific 
gravity, then it will not rise through, or be discharged with, the lighter 
component but will “float” on the heavier component and unless unusual 
constructions are provided will clog at the neutral zone. ‘The equations 
already given apply, however, to their respective cases of liquid-solid and 
liquid-liquid separation. 


General Design 


Hollow bowls were naturally the first type developed for centrifuges. They 
have the advantage of simplicity and, when built in long tubular form 
of relatively small diameter, allow the attainment of high centrifugal forces 
and reasonably high ratios of travel to settling distance, 

The inherent limitations are (1) that the settling distance must be nearly 
equal to the radius, (2) that the liquid near the center gets exposed to only в 
small centrifugal force, and (3) that sediment collected reduces the maximum 
centrifugal force on the liquid and, by reducing the flow area, increases the 
liquid velocity and so reduces the time of expos to centrifugal force. А 
hollow bowl without radial vanes is subject to shift of neutral zone with feed 
rate or proportion of liquids. Bowls of these types are made with diameters 
up to 12 ёш. and for speeds of 15,000 грла. 

Bowls with shallow settling spaces have been devised using a number 
of constrictions such as concentric cylinders, spiral leaves, and cone-shaped 
disks, For settling large heavy particles out of much lighter liquids, bowls 
with generally one (though sometimes more) concentric cylindrical inner 
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p find а considerable field of usefulness due to their simplicity of 
cone chin and, therefore, cleaning. The vast majority of separators uso 
ong поред disks with thin spacer caulks to get very shallow settling spaces, 
cau ael paths, and а moderate-velocity, guided flow for the liquid. The 
Ga HOF spacer’ thicknesses are selected во as to be two or more times as great 
he diameter of the solid particles or globules of liquid to be separated. 
pater values for the spacing caulks are better for those cases where large 
Duiportions of solids must be removed, and thin caulks should be used when 
anly very small proportions of one component, i.e. fractions of 1 per cent, 
¢ to be removed from the liquid and where the viscosities are low. 
she conos аге usually made appreciably smaller in diameter than the inner 
Nall of the bowl shell so as to provide a sediment-holding space for such very 
ШЕТУ sediments ав cannot be swept on out along with the heavier component 
iquid. Sediment may completely fill the space beyond the disk edges with- 
out altering the clarifying or separating capacity. 

Tt is relatively easy to guide the flow radially out and back toward the 
Center to the discharge lips by spacer strips or ribs between the disks in radial 
Planes and so maintain a position for the balance circle dividing the two liquids 
t iat shifts but little with ratio of components, through-put, eto. 

The half angle of the cone-shaped disk may be 30 to 50 deg., chosen so aa 
to get a short radial settling distance, without unduly increasing the height of 
th bowl or getting the angle so small that sediment will not slide along tho. 
cono, 

The disadvantages of bowls with shallow settling spaces are (1) the number 
s ата parts to be handled and cleaned, (2) the weight of the parts, and 

he cost. 

The discharge lips in any design should be close to the center in order to 
reduce the power, the frothing of the discharged liquids, and the nir entrain- 
ment, А certain proportion of power, up to about 40 per cent of the kinetio 
energy of the discharge, may be conserved by directing the discharges back- 
Ward (ав in a reaction turbine). This also reduces the froth and air entrain- 
Tent and, by redueing the air pressures induced by the jet action of the 
discharges, reduces entrainment by windage, of spray irom one receiving 
Cover into the other, 


APPARATUS 

Liquid-solid Separators 
, Dryers, во called, of the centrifugal type have found almost universal uso 
in laundries and in dry-cleaning plants for the removal of the major part (down 
to about 20 per cent) of the water or dry-cleaning fluid from cloth. The 
Temainder cannot be removed centrifugally and must be evaporated. Such 
dryers nre made in а large variety of sizes from about 18-in. diameter “bas- 
kets" up to 60 in. The cloths are packed against the perforated walls and 
Tequire about 5 to 10 min. centrifuging from start to stop. 16 is important 
that the cloths be laid smoothly and packed evenly from the inside wall to the 
Width of the curb. If carelessly packed in lumpy wads the liquid removal is 
obstructed, and serious unbalance and shaking of the centrifuge, or even of the 
foundations, may occur. The holding volume per foot of vertical depth of 
basket is given by one of the curves of Fig. 18. 

Cloth and similar materials normally ‘carry 6 to 14 per cent moisture so 
that the removal of water is nearly complete, only а small proportion being 
left for removal by evaporation. Where dry-cleaning solvents such as 
Petroleum spirits are to be removed, the centrifugal separ 
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аз complete as possible, because the residues left by heating or by hot air 
blowing over the clothes may leave undesirable odor: 

Basket centrifuges with overflow over the inner lip of the curb, or through 
the perforated walls of the basket, or through screens, find a considerable use in 
chemical plants for recovery of crystals precipitated from their mother liquor: 
"The screening medi- 
"um may be laid over a 
grid work or corru- 
gated backing to 
allow a free flow-dis- 
charge path for the 
liquid after passing 
through the screen. 
Monel or other corro- 
sion-resisting metal 
wires may also be 
woven in elose mesh 
for screening out fine 
crystals. Such wire Fio, 10.—Center slung centrifugal, 
cloth may bo “rolled” 
to flatten the wires and to reduce the mesh opening. The centrifugal dryer 
is desirable where a very complete removal of mother liquor is desirable and 
where washing of the erystals with water or other liquids is to be resorted 
to for further purification. For very coarse non-porous particles, 6 to 10 mm. 
minimum dimension in any direction, only a 
fraction of 1 per cont by weight of а free-flowing 
liquid may be left after centrifuging. This is 
representative of what may be done in remov- 
ing cutting oil from machine tool chips even 
with flat or curled long-strip chips. Finer 
particles necessarily carry more liquid with 
them in proportion to the surface-volume 
relation which increases linearly with decrease 
of dimension of particles as shown below for 
the calculated values for spheres, whether 
assumed stacked with centers in line with each 
other, or nested, with the centers of the spheres 
of alternate lnyers displaced a distance equal 
to the radius of a sphere. 

High viscosity liquids may give thicker films 
and retain more liquid, unless the time or 
centrifugal force is increased. Fine, slimy 
precipitates may retain 70 per cent or more руа, 1. Suspended ceutrifuril- 
liquid, even when centrifuged in the smaller 
diameter, high-speed baskets which give the greatest centrifugal effect for а 
given stress on the wall material. 

Baskets up to 60 in. in diameter, at speeds up to 500 r.p.m., are used to 
get the advantage of large load capacity and reduce the time and cost of 
loading and labor for operating. Sprays for washing the material in the 
basket are frequently employed with the spray nozzles set in positions to 
discharge against the inner wall of the “cake.” 

It is usually unsafe to feed a slurry to the bowl while running, unless 
& bowl is supported from below or a very sturdy spindle is employed and a 
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Number Volume | Volume ‘Surface area 

Diameter | of spheres | Number of | of spheres | of spheres per оо of | Surface ares 
‘of арһеге, | pereo, | SDheres per er cc. per ec. Surfsce ren spheres with xul 
fm. "| centers in} Rested | одела | nested | Регарћеге |" centers | spheres nost- 

line. fully line fully line “шу 

n, 1. [rar 0.5236 | 0.740 |3.14 ERTI 4.45 

0701 10: 1.4 x 102 | 0.5236 0.740 |3.14 X 102 | 3.14 x 10 | 4.455€ 10 
0,001 108 1.41 xX 10 | 0.5236 0.740. | 3.14 Х 107 | 3.14 X 10° | 4.45 x 10e 
0.000, 19 1.41210 | 0.5236 0.740 |3.14 X 107* | 3.14 X 108 | 4.45 x 102 
9:000 102 L4 X I0 | 0.5236 0.740 |3.14 X 10 | 3.14 X 10 | 4.45 x 106 
0000.0) 10» | 1.41 X 10) 0.5236 0.740 | 3,14 X 1079] 3.14 X 10 | 4.45 X O 
000,001 тоз L4 x 108] 0.5236. 0.740 |3.14 X 1075] 3.14 X 108 | 4.45 Х 106 


Spring mounting for the stationary frame provided, such as will allow a 
fousiderable unbalance of the bowl, without undue strains on the foundation. 
ова и and unloading are usually done with the bowl standing still. Bottom 
Plates are often provided which can be lifted or tilted out of the way so that 
he load may drop or be pushed down and out of the bowl inte chutes or 
xes on wheels. 
lechanical unloaders, having knives or scoops which are swung into 
place and pick up the solids while the bowl is still slowly moving, can be used 
With some materials. If health or other risks exist, these offer advantages, 
but some materials cannot beso handled. ‘Thescrapers may leave too much of 
the solids on the walls, and, for hard or tightly packed solids, it is often difficult 
to get sufficient rigidity in the scraper or in the bow! support to allow the use 
of scrapers without “digging in” or jamming, particularly if the bowl has not 

een slowed down sufficiently or the operator is careless. ‘This is also a 
difficulty with sticky or hard slimy deposits. 

Horizontally mounted basket centrifuges have recently been developed 
With two bearing supports of great rigidity, which allow automatic unloading 
While at full speed by scraper knives. "These may have fully automatic 
controls that regulate the feed, rinse, drying time with feed shutoff, and 
Unloading. 

_ Centrifuges for continuous discharge of dried solids as well as for the 
discharge of the separated liquid, while running at full speed, have been built 
and will operate for в few easily handled materials, such as the dewatering 
of washed coal or coal reclaimed from river beds by hydraulic pump-suetion 
dredges, and of some mine slurri 

‘The solid particles must be fairly large and must be rather hard and of the 
type that roll or slide easily, without sticking or packing, such as hard coal, 
stone, sand, ete. Furthermore, the liquid must be quite fluid, with little 
tendency to adhere to the surfaces of the solids. 

A vast amount of time and money has been spent in an attempt to build 
Successful centrifuges with continuous discharge at full speod of sludges, 
slimes, sticky materials such аз sugar erystals, sewage residues, and slurry 
from mining operations. Attempts to scrape off such materials from the 
walls or surfaces upon which they have been deposited or to employ some 
kind of а conveyor mechanism have met with limited success because of the 
great frictional forces that must be overcome to slide the materials along 
after they have once been deposited, thus allowing the full centrifugal force— 
many times that of gravity—to press them against the receiving surfaces. 
Also, most of these materials tend to gum, pack, ог jam ahead of the scrapers, 
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Finally, there is the difficulty of balancing the slime and in balancing and in 
driving the conyeyor parts whose several elements are also subjected to 
centrifugal forces, holding them together with great force so that the fric- 
tional resistances to movement are tremendously greater than when the bowl 
is standing still, 

The type of construction using two concentric cones run at slightly different 
rotational speeds by means of a diferential positive gear drive has had a 
certain amount of success. This type feeds a granular material that does not 
stick together or stick to the perforated walla of the outer cone and dumpe the 
solids at the lower end (large-diameter part) of the cones, while the liquid is 
discharged radially through the perforations of the outer cone. The materials 
must be fed in at the smaller cone end and discharged at the larger end, which 
is usually at the bottom, employing a vertical shaft machine. Spiral scrapers 
are rigidly mounted on the inner cone and nearly touch the inner-surface walls 
of the outer cone from which the granular solids are to be scraped, and the 
direction of the spiral and the differential of speed must be so chosen as to 
cause the solids to move to the larger, or discharge, end of the cones. If 
the axial cone angle is large, centrifugal forces will help roll the solids along, 
and the scraper spiral may serve to hold the particles back, until dewatered, 
rather than to push them ahead. 

Attempts to dewater sewage slimes, remoye molasses from sugar, reclaim 
yeast from wort, and similar separations by mechanically operated scrapers 
for solid removal ћауе had а limited success. The principal recent improve- 
ment in these types of machines has been the development, of differential 
gear drives that would maintain the differential speed of the scrapers by 
reaction of gear trains between the bowl and scraper running at the bowl 
вр‹ When the torque between the two full-speed elements, required to 
maintain the small differential speed, is supplied to each part through a train 
of gears, each train is subjected to the scraping forces multiplied by the speed- 
reduction ratio. 

Hollow-bowl clarifiers, having в low centrifugal force with no interior 
parts except the three to four wings which force the liquid to rotate with the 
bowl and the feed passages to bring the incoming materials to the outer 
parts of the bowl, serve sufficiently well for easily removed solids, А. useful 
and simple improvement. consists of employing an inner cylindrical shell, 
with a diameter about 70 per cent of that of the outer shell, so as to give equal 
holding volumes and through-put velocities in the two shells. The incoming 
material is fed first to the inner shell, preferably through a feed tube with a 
side or radially directed outlet so that each side or quarter of the bowl is 
fed, in turn, equal amounts, so as to ensure equal distribution, maximum 
purification, and uniform loading of sediment. The inner shell picks up the 
coarser and more readily separated sediment and then allows the liquid to 
pass to the outer shell for the removal of the finer sediment, Such bowls 
serve to remove coarse, unground pigment particles in paints, varnishes, 
and lacquers. The degree of clarification of pigments, ete., may be controlled 
either by change of through-put or by adjusting the bowl to а lower speed, 
во as to avoid throwing out too much of the pigment or requiring too frequent 
stoppage for bowl cleaning. 

Hollow high-speed tubular bowls with high centrifugal forces over 10,000 g. 
may be used for difficult separations such as clear varnish and other cases 
of semicolloidal particles. 

Disk-bowl clarifiers have usually cone-shaped separating disks of some- 
what smaller diameter than the bowl shell so that sediment may collect 
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Without packing between, and thus impairing, the clarifying effectiveness of 
disks. The feed channels must bring the incoming materials near to the 
Outer edges of the disks and evenly distribute them to and around them. 

Disk bowls, may be used for difficult clarification problems such as clear 
Varnish and the removal of semicolloidal particles. They are also used for 
Clarifying whole milk to remove particles of dirt picked up during milking or 
in handling and transhipping the milk to the milk plant. Clarification also 
removes such undesirable materials as scarf-skin particles from the udder of 
the cow and occasional pus or blood cells. All of these materials are collected 
Аз slime in the sediment space, out of the main path of the milk, and во 
Buccessive contamination of further quantities of milk, which must necessarily 
occur with filters, is avoided. 

Concentrator bowls with nozzle discharge of the solids afford в 
means of recovering the solids along with a much reduced proportion of tha 
liquid. The nozzle passages lead from the outer part of the bowl, where the 
solids tend to collect but are swept out along with the portion of the liquid 
Which discharges through the nozzles. The inner surfaces of the bowl shell 
Are usually shaped somewhat like a beehive in order to provide a slope to the 
Dozzle-passage entrances for the purpose of facilitating the sliding along of 
the solids. The nozzles sometimes discharge directly at the bowl diameter. 

lowever, us this may require very small diameter nozzles, which easily clog, 
and consume much power, the passages often lead to nozzles placed near the 
center of rotation, and the nozzles may be placed to discharge nearly tangen- 
tially, and backward, to recover energy, reduce frothing, and reduce spatter. 

Bowls for yeast are built in sizes up to 440-mm. diameter and are usually 
Provided with cone-shaped separating disks, They аге generally run at 
lower speeds than similar separators. 

‘The degree of concentration, or ratio of the (constant) volume discharged 
by the nozzles to the total volume fed to the bowl, may be regulated by 
decreasing the nozzle opening, provided, however, that the quantity of solids 
in the feed liquor and the ratio of solids in the concentrate are по во high 
as to decrease unduly the fluidity of the concentrate. 

The solids in the concentrate may be raised to 50 or 65 per cent without too 
Breat flow resistance, The percentage concentration is, therefore, further 
limited by the ratio of solids in the feed, since all the solids appear in the 
concentrate. For instance, if 50 per cent solids is taken as a reasonable limit 
for free flow, a feed containing 5 per cent solids may be concentrated into 10 
Der cent of the feed, but if the feed contains 10 per cent solids it would not be 
Possible to concentrate to less than 20 per cent of the feed volume. 

Such types of concentrators are almost universally used to concentrate 
Yeast cells into a small portion of the wort in which they were grown, recover- 
ing the yeast. 

Valve bowls, are provided with nozzles or orifices closed by valves mounted 
9n the inside wall. ‘These valves may be opened automatically by means of 
Springs, actuated by a lowered speed, or by liquid-filled floats, which empty 
directly through the nozzle when liquid feed to the inner end is decreased by 
accumulation of sludge. Instead of separate valves and nozzles, the whole 
bowl may be opened by mechanical devices, such as levers, ог by feeding a 
control liquid to a pocket mounted on the bowl and letting the centrifugal 
force on the liquid in the pocket open the bowl at its periphery. Theseparate 
ves may also be opened by a rod concentric with the shaft, connected by 
Appropriate rods and levers to the valve element. If the valve or the whole 
bowl is opened while running, à considerable amount of energy is dissipated 
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in the discharge, and such machines require many times as much power а= 
the usual types. Provision must also be made for replaceable wearing sur- 
faces in the covers to take the impact of the jets and for steep sliding slopes or 
mechanical conveyors for removal of the sludges, 

Development of various kinds of centrifugal apparatus for the continuous. 
discharge of solids has been particularly active in recent years. 
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Liquid-liquid Separators 

Concentrators, or ratio separators, are built with two liquid discharges 
at different radii suitable for the usually small difference in effective specific 
gravities, and with non-radially guided flow 
of either or both components in their re- 
spective paths toward the center and toward 
the outer wall of the bowl, so that а certain 
but controllable proportion of the feed will 
pass out by each of the two discharge paths. 
Practically all such concentrators are now 
built with cone-shaped separating disks and 
find their greatest field of application as 
“cream separators,” in which field centrifu- 
gal separators have superseded all other 
methods throughout the world, a million or 
more centrifugal cream-separator machines 
being produced annually, which is perhaps 
one hundred or more times the number pro- 
duced for all other purposes combined. The 
reasons are not only that the centrifugal 
separator can produce a cream with a 
butterfat content of any desired value from 
about 15 to 60 per cent (or even 80 per cent 
if adapted for the purpose) with a negligible 
loss in the skimmed milk (whereas allowing 
cream to rise by gravity on standing will 
seldom produce more than about 20 per 
cent butterfat cream and incur losses of 14 
per cent or more), but will also do во 
instantly, without the delay and consequent souring that may occur on 
"standing" cream. 

Cream is an emulsion of butter oil in milk and the "cream" is merely a 
higher concentration of this emulsion than that in fresh whole milk. Whole 
milk may contain from 3 to 6 per cent of butterfat; “ordinary cream," as 
obtained for table use by pouring off the cream that rises on standing may 
have 18 per cent (or less) butterfat. “Heavy cream" is produced by centri- 
fugal separation with 40 per cent fat, which is out back with milk for “light 
cream,” The name separator is firmly established by usage although the 
term ''eoncentrator" much more truly describes the function performed, of 
concentrating all of the emulsion, i.e., the cream in a part of the milk. The 
cream separator or concentrator is so built that if fed a homogeneous liquid, 
such ав water, а portion will be discharged through each of the two spouts. 
The proportion of the total passing through the cream discharge may ђе regu- 
lated by making the cream discharge through the hole in a hollow screw, set 
in a radial direction, so that by screwing it toward the center the inner end 
picka up the cream at a point nearer the center where there is a lessened 
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centrifugal pumping head, and therefore a smaller quantity discharged, 
fesulting in a “richer” cream, ùe., carrying less milk. This method of control 
Is quite widely used on small separators. The control may also be put оп the 
Suter discharge, either by narrowing the opening through which the skimmed 
milk passes, or by arranging one or more screws so that they can be set 
either to allow or to stop slippage. Slippage of the heavier component in its 
Progress toward the center to reach its discharge opening allows the liquid to 
tain some of the peripheral velocity it had at the larger diameter and во 

Tun ahead" of the inner parts of the bowl thereby building up a centrifugal 
back pressure which tends to limit the flow in 
this path, Thus adjustable or permanent radial 
baffles or ribs in the flow to the discharge lips, by 
reducing slippage, increase rather than decrease 
flow, 

‘The distribution holes in the disks are placed 
hear the center во as to apply the major sepa- 
rating effect to the skimmed milk which consti- 
tutes the heavier outer component. 

Concentrator-type bowls are quite suitable 
for constant through-put concentration of а 
liquid with a practically constant ratio of a 
lighter component or of an emulsion into a portion 
of the henvier liquid. They are not suited to 
Separations where the proportion of one com- 
Ponent, or the feed rate, varies during a run. 

, True separator bowls are provided with two 

ischarge diameters, an inner and outer, with 
radial guide ribs throughout, between the cone- 
Shaped separating disks or in the body of the 
hollow bowl and also in the return path of the 
heavier component past the top-disk skirt back 
to its discharge lip. It should be possible to 
Vary the proportion of one component from 0 to 
100 per cent of the total at any through-put 
rate without break-over of either component into 
the discharge passage intended for the other. Fis. 1 оез pss МА dis- 
The adjustment of the balance circle and the Charge disk bow! centrifuge. 
setting for different ratios of specific gravities are usually accomplished by 
changing the Бр for the outer discharge. A number of rings or disks with 
genter holes of different diameters are provided which may be readily installed 

y unserewing a nut which grips the outer rim of the discharge ring firmly 
against a rubber ring or other gasket, to prevent leakage. Both small- 
diameter tubular bowls at high rotational speeds and cone-shaped disk bowls 
of larger diameter at lower speeds are used for separators; each has certain 
inherent characteristics, merits, and limitations, which haye been discussed 
under the heading, General Design (р, 1816), 


Liquid-liquid-solid Separators 

Concentrating separators with nozzles discharge the solids alone 
with a portion of the heavier of two liquids being simultaneously separated 
from a lighter liquid, The nozzles are fed by passages from the outer part 
of the bowl. Two liquid-discharge lips and means to adjust the discharge 
diameter of one or the other to suit the specific gravity difference of the two 
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liquids are provided. The heavier liquid component must be present in the 
feed, in proportions greater than that required for the nozzles so that an 
excess remains to fill up to the outer Бр. This may be provided either by 
recirculating а portion of the heavier liquid or by its presence in excess in the 
feed. Commercial applications of this type of separation appear to be 
increasing. 

Separator bowls with sludge pockets or sludge-holding spaces require 
a little modification of the liquid-liquid separators, namely, that of making 
tho cone-shaped separating disks appreciably smaller in dinmeter than the 
bowl shell, or in allowing a portion of the hollow bowl to be filled up, with the 
consequent reduction of separating effect due to the progressive reduction 
of the effective diameter as filling occurs and the increased through-put 
velocity Ve as the path area for liquid flow is constricted. The bowl must be 
stopped to clean out the sludge, consequently this method is peculiarly 
adapted to those cases where only relatively small amounts of solids must be 
removed. 

Traveling-cushion bowls have fed to them a liquid heavier than the 
liquid to be clarified but near enough to that of the solids or emulsions which 
аге to be swept out of the bowl to cause their movement through the bowl 
rather than pocketing them їп the sludge spaces next to the bowl-shell wall. 

This is an attempt to substitute a sweeping-out liquid for the mechanically 
driven continuous slime-discharge bowls. The difficulties of proportioning 
the densities and of keeping the slimes from either floating upon or sinking 
through the traveling cushion of liquid are very great so that commercial 
applications have been rare. An exception is the method that was widely 
used in the manufacture of bright stock, where a carrier liquid, usually hot 
water, immiscible in ой or wax, was injected into the wax space just ahead 
of the discharge ring, serving the double purpose of a traveling cushion, as 
far as it reached into the bowl, and of melting the chilled wax. Melting of 
wax was further assisted by spraying hot water on the bowl top to be thrown 
into the wax eover along with the wax. 


Special Types of Centrifuges 

Test Apparatus. Test-tube centrifuges with heads carrying two, four. 
or more cup › shaped as to hold graduated t tubes containing two or 
more liquids, or liquids and sediments, are employed to effect a separation or 
sedimentation and to give easily read volumetric proportions of the different 
components. 

‘A wide variety of forms and shapes of test tubes are in use (with corre- 
sponding shapes for the holding cups), such ав cylindrical glass bottles, 2.4. 
the 4-oz. oil sample bottle, small and large laboratory test tubes, pear-shaped 
vessels with a small cylindrical extension for reading small proportions, 
and cylindrical vessels with a cone-shaped lower end to give readable values 
for very small volumes of sediment or separated liquids. 

"he standard speed prescribed by the latest revision of A.8.T.M. standard 
method of test, Designation D 96 for water and sediment, is 1500 r.p-m. 
with 100-сс. test tubes supported in cups so that the tips swing in a 15- to 
17-in. circle. This gives a centrifugal force at the extreme tip of the tube of 
500 to 550 times gravity, and less for the other parts of the test tube. These 
forces are not sufficient to effect some separations or to break some emulsions; 
therefore, materials that tend to break emulsions and diluents, solvents, or 
precipitants are often added (see the latest revision of A.S.T.M. Method for 
Precipitation Number of Lubricating Oils, Designation D 91). 
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Specially designed and sturdily proportioned machines сап be built for 
(Peds up to 6000 r.p.m., using the standard A.S.T.M. 100-cc. cone-shaped 
teat tube. 

The test-tube centrifuge gives a means of observing the relative ease of 
fentrifugal separation and a means of measuring the performance of com- 
mercial separators, for separation of water from 
msulating oils, ete., and for clarification of sedi- 
ments, 

It must be observed that, as it is the volume 
Which is measured, it becomes necessary to con- 
sider the extent to which sediments are “com- 
Pacted” by long-continued certrifuging. It is 
uite possible to observe, with repeated cen- 
trifuging of a single given sample, a quick 
Secumulation of sediment, then no further in- 
frement for several repeated centrifuging periods, 
followed by the accumulation of quite а large 
Volume of sediment (presumably much more 
difficult to throw down than the first sediment 
Observed) and, finally, the compacting of this 
Inst sediment into a smaller volume. 

The final volume is, however, larger than 
the value for the previously observed quantity 
of quickly settled, coarse or heavy, easily pre- 
Sipitated sediment. When testing an unknown 
material, the centrifuging should be prolonged 

yond the time for the first observed, “арраг- 
ently” constant volume, unless complete f 
clarification of the liquid, or other observations, Fte, 14,— Test-tube centrifuge- 
Confirm that all sediment has been removed from the sample and the sediment 
compacted down to its final volume. The final compacted volume is generally 
Some function of the speed and time of centrifuging. Sediments differ 
markedly in compacting, and speed and time may alter the volume by 2 to 1 
or more. 

In the precipitation test, applied to lubricating oils, the settling of the 
Precipitate is quickly accomplished in the centrifuge test tube and tho 
Volume of the precipitate read as prescribed by A.S.T.M. Method D 91. In 
addition the solvent and oil may be decanted and the precipitate collected, 
dissolved, and weighed, which obviates difficulties and inaccuracies in the 
Calibration of the smaller volumes of the test-tube cone-shaped tip and of 
the compacting of the precipitate, as well as eliminating any possible effect 
from solids, eto., accidentally already present in the oil sample and therefore 
not actually precipitated by the precipitation naphtha. 

The Babcock butterfat-milk tester is а special form of test-tube centri- 
fuge in which the cylindrical cups are constructed to hold a special form of 
test bottle with а small diameter neck attached to the upper part of the test 
bottle and a filling tube passing through the shoulder alongside the neck and 
leading to the bottom of the test bottle. 

This small neck catches the butter oil rising to the surface after sulfuric 
acid has destroyed the cream-globule film end allows reading values from 
0.01 to 0.25 per cent. This method is still almost, universally employed 
throughout the Americas, although various methods of extracting the butter 
oil by ether or other solvents, then evaporating the solvent and weighing the 
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esidue, are coming into use here and are almost universally used abrond, 
since they reveal small residues of butterfat, not measurable by the Babcock 
method. The Babcock centrifuge head may hold four or more, up to 32 test 
bottles. For the 16-in. diameter swing circle, a speed of about 850 r.p.m, 18 
employed. 

Centrifugal Filters. Basket-type centrifuges, with large-diameter 
bowls, having diameters of 18 in. up to 60 in. and speeds of 1500 r.pam 
down to 500 r.p.m. are used with screens or filtering mediums laid on the inside 
perforated walls of the bowl shell to hold precipitates and to throw off the 
mother liquor. 

The advantage of the centrifugal filter over plate-and-frame and other 
filters lies in the very complete removal of mother liquor from the precipi- 
tate which centrifuging gives, the ease and completeness of washing the рге- 
cipitate obtainable by spraying water or other wash liquids on the bed of 
precipitate while it is still held in the running bowl, and the final quite complete 
removal of mother liquor and wash water. ‘This gives a quite clean "гу" 
cake which may have important chemical advantages over plate-and-frame 
filters, and rotary, pressure, and vacuum filters for certain processes. 

Closed-cover, Feed, and Discharge Machines. Gus-tight, or nearly 
gas-tight, covers are provided where spray or fog from the discharges needs 
to be kept from the room, or where vapor losses must be prevented on account 
of fire, health, or other hazards. The joints in the covers may be snugly 
fitted or even made quite tight by gaskets. Flexible metal tubes are provided 
tor the feed and discharge pipes. Inert gases may ђе fed to the inside of the 
covers; but, as all liquids tend to dissolve more or less gas, as well as carry 
away considerable volumes of gas entrapped as froth, large quantities of the 
inert gas may be needed. Special designs make it possible to hold a vaouum 
in the bowl chamber and in the covers which receive the discharge. 

Liquid-sealed Discharges. It is possible to discharge one or both 
the liquids from 4 centrifuge bowl by the equivalent of a small centrifugal 
pump in which the housing rotates with the bowl and what would be the 
impeller is held against rotation, so that the liquid under the centrifugal 
pressure of the “pump” housing receives the liquid at the housing diameter 
and flows toward the center and out through the hollow center of the “shaft” 
or through a concentric tube surrounding it. Clarification of a single liquid 
is readily carried out with а single closed discharge. Separation of two 
liquids with both discharges closed may be effected wherever the two com- 
ponents have в constant proportion to each other, as in cream separators. 

‘There is, however, the drawback that enclosure is not entirely complete, 
owing to running clearances, and some air froth is still produced. In skim 
milk this may be several per cent by volume, but it is much leas than the 30 
to 40 per cent produced by open-discharge separators. A considerable 
amount of power is consumed in liquid outlets of this type. 

Bearing-type sealed passages may be provided by mounting the dis- 
charge chamber on the bow! neck as if it were a bearing, but flexibly support- 
ing the chamber on a corrugated metal bellows or on a flexible diaphragm to 
allow it to adjust itself easily to the position of the high-speed rotating bowl- 
‘This construction is feasible for the clarification of liquids that will provide 
a lubricating effect, suitable for the light side pressure on the bearing-type 
seal and its high speed and large diameter. 

Clarifiers with both inlet and outlet passages sealed by bearing-type 
connections are usually made with the bowl mounted on a hollow shaft with 
а bearing at each end so ав to allow the feed to come in at one end of the 
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hollow-shafy end and pass out through the other. The bearings may be 
Tf an ued with the feed or discharge passages ог may be separate therefrom. 
iq 2^ ОЙ or other material that will lubricate the bearings is to be clarified, it 
j, uch simpler, less costly, and more economical of power to combine the 
whines with the inlet and outlet passages. For certain conditions of service, 
were the clarifier is subjected to severe mechanical shocks and vibrations, 
tae double-bearing support offers material advantages over the more common 
куре in which the bowl is mounted on the end of the spindle beyond its bearing 
ieee The bearing is slipped, cap fashion, over the end of the hollow 
Shalt and the liquid connection is made through а flexible hose screwed on the 
pnd of the hearing. The bearing is supported on a spring cushion to allow tho 
WI to rotate freely about its center of gravity, without undue side pressure 
ip Ше bearing. The leakage of liquid past the inner end of the bearing along 
the shaft is controlled by reverse-helical pumping grooves. At the speeds 
Prevailing in centrifugal clarifiers of 6000 to 9000 r.p.m., such helical pumping 
frooves will prevent leakage with internal pressures on the liquid of about 2 
9 3 atmospheres above atmospheric pressure. 
larifiers of this type are suitable for use on locomotives and in marine 
Er pia On Diesel engines. Little or no water is likely to be present in the 
Lubricating oil in Diesel engines, or, if present, would be held with the sludge. 
ho clarification removes worn-metal particles, dust from the air, and carbon 
nd sludge produced by oxidation, polymerization, or cracking of tho oil. 
Hermetic Separators and Clarifiers. Recently, completely closed-feed 
And closed-discharge cream separators and milk or other clarifiers have been 
developed haying a hollow spindle feed to а bowl bolted tightly to the spindle 
And with closed-feed and discharge gaskets made of elastic compounds, 
shaped like the cup seals of hydraulic presses. 
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The pipes (see pp. 803-849), used for the feed and discharge connections, 
iust be ample in size, not only because of the power lost in pumping through 
fat against undue friction, but also because turbulence may cause emulsi 

‘cation and thus greatly hamper the separations. 

Pumps (see pp. 2244-2200) for handling liquids to be centrifuged should 
Preferably be of the positive displacement rotary type and run at moderate 
Speeds. Centrifugal pumps are usually undesirable, not only because of the 
Variation of delivery with back pressure, but also because of the violent agita- 
Чоп and tendency to produce emulsification, which they cause. Where, 
OWover, a mixing of two liquids is needed to promote а rapid chemical renc- 
lon, ог a washing process prior to centrifugal separation, a centrifugal-type 
Dump may advantageously be used to accomplish, ог assist in accomplishing, 
the mixing. Piston pumps have the disadvantage of intermittent or varying 
fates of flow with each stroke (unless built with several cylinders), as a pulsat- 
ing flow decreases the separating ability of the centrifugal bowl. 

Regulation of pump delivery of constant-displacement pumps is best 
Recomplished by gate-type valves, or still better by cocks, on the suction side 
of the pumps, since gate valves and cocks give a more definite and reproducible 
aren of opening for a given setting of the handle than can be obtained with 
ulobe valves. "The control of liquid fed to the pump by restricting the inlet 
Valve opening, thereby producing pressure drop at the valve and vacuum on 
the pump, is usually better than choking the outlet valve and recirculating 
through а by-pass relief valve. The latter method builds up back pressuro 
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on the pump and increases the power needed to drive it. Also a recirculation 
of the liquid is пой always desirable as it may promote emulsification. 

The pump displacement for removing the centrifuged liquids from free 
discharge types of bowls should be from 25 to 50 per cent in excess of the liquid 
volume to allow for froth, air, ete., carried along with the centrifuge discharge- 

Presettling tanks may perform an important function in settling out 
large amounts of coarse or easily separated materials prior to centrifuging 
leaving only the smaller quantities of the more difficult: part of the separation 
to be effected by the centrifuge: If water in large quantities is to be separated 
from an oil, a decanting tank may be used with а partition wall reaching to а 
point near the bottom, but leaving a passage under the baffle for water to pass 
into a water compartment from which it may flow out over a weir, slightly 
lower in height than the weir for the oil overflow on the other side of the 
partition wall or baffle. The residues of moisture left by a centrifugal sepa- 
rator in a purified oil are smaller when a smaller ratio of water to oil is present 
in the feed. . In all cases the centrifugal separator should be relieved of coarse 
work and employed for the finer or more difficult separations. 

Heaters or coolers (see pp. 948-1001) are frequently necessary to give & 
suitable fluidity or more suitable surface tension to the liquids to be processed, 
or to gain а differential in specific gravities. 16 is important that the heater 
mass and temperatures be kept low to avoid overrun in controlling (or over- 
heating on shutting off) liquid flow, and that ample heat-transfer surfaces be 
provided in order to lower the maximum surface temperatures. Radiant 
electric heaters are undesirable because the heater units must; be brought 
to a high temperature (i.e., a red heat or higher) to get adequate radiating 
effecta and upon shutting off the liquid flow, even with simultaneous discon- 
nection of the electric supply, the temperature equilibrium reached involves 
excessive temperatures in the liquid. 

Strip resistance heaters (sce p. 2699) are more suitable, either immersed 
in the liquid or attached to the walls of the vessels or pipes. Steam or hot 
water taken directly from a boiler or from an auxiliary, electrically heated 
vessel and passed through heating coils, double-pipe heaters, or jackets 
offers а degree of safety from excessive temperatures not obtainable even with 
electric resistance heate 

‘The rating of the heater required depends directly upon the liquid through- 
put, the temperature rise desired, and the specific heat of the liquid, so that 
for a through-put of 1000 gal. per hr. each degree Fahrenheit, rise requires а 
net heat, input of 2440 watts for water and about 1220 watts for oil. For 
1000 1, per hr., 1160 watts is needed for each degree rise centigrade for water, 
and about 580 watts for oil. 

‘The unit heat-transfer rate from pipe walls may be 5 to 6 watts per sq. om- 
for heating water, but should be only 1.5 to 2 watts per sq. om. for oil, to 
avoid overheating the oil film next to the wall. In any case, the average 
flow velocities through the pipes should be about 200 ft. per min. (1 m. per 
вес.). 

Rates of heat transfer from the surface of the pipe wall (in contact with oil) 
to oil may be 15 to 20 B.t.u. per sq. ft. per hr. per °F. difference. For hot 
water to oil with сой or jacket heating, the coefficient of heat transfer may be 
30 to 35, postulated, however, not on wall temperatures but on the tempera- 
tures of water and oil, and steam will transmit to oil in pipe coils about 60 
to 70 B.t.u. per ва. ft. per hr. per °F., while steam in pipe coils heating oil in 
tanks will transmit only about 50. 

Air-separating traps are often desirable in the centrifugal discharge 
connections to relieve the discharge pipes and pumps of air and so increase 
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Carrying capacity, No fixed rules can be laid down, as the section area 
т relief depends not only on the quantity of discharge and the ratio of 
dir ‘roth to be eliminated but upon the viscosity and, therefore, the tempera- 
turo of the liquid. 

As illustrations it may be said that for a flow of 20 gal. per min. a dry 
fleaner's naphtha may need only an S-in. diameter vessel, while electric 
insulating jl may need а 30-in. diameter vessel. 

Feed regulators (see pp. 2286-2292) are generally of the float type and 
Operate either a balanced valve of the butterfly or of the piston type to reduce 
dien to stop the flow from the feed-pipe line as the float reaches a pr 
determined level in a supply eup or tank. 

ne point of advantage of such a method is that the rate of feed automa: 

tally decreases with inerease of viscosity, which may therefore compensate to 
Some extent for the inereased difficulty of separation in the bowl on account 
Of the greater viscosity. 
When the supply is taken from а low head tank, the float may be made 
to control the rate of feed quite adequately by the simple expedient of allowing 
the top of the float to rise against the open end of the faucet or the end of the 
Supply pipe. 
A very satisfactory method of feed regulation is the employment of positive 
displacement pumps whose speed can ђе set at any desired value to gives 
Corresponding through-put to the centrifugal. This avoids all probability of 
emulsification and allows the scheduling of runs as well as standardizing the 
performance of the centrifuge. 


PROCESSING AND PREPARATION 


Settling (and Settling Combined with Decanting). This is а simple 
aud often useful process for the preparation of materials to be centrifuged. 
а heavier liquid, such as water, is present in large quantities with oil, w 
Settling process may be very advantageous in reducing the load on the centrif- 
ugal and also in improving its performance. А float carrying an intake port 
leading into a flexible hose or into а pipe with flexible couplings, so that only 
that part is drawn off which is at the top surface and therefore most com- 
pletely clarified, is better than multiple draw-off cocks set at different levels. 
ight glass in the pipe line should be provided so that the character and 
Amount of liquid being drawn off may be observed. 

Where settling of hot liquids is to be accomplished, convection currents 
Should be avoided. Heating, or even maintenance of temperature, by coils, 
Promotes convection currents and is therefore less suitable than jacket hent- 
ing. All surfaces should be well heat insulated, as the ideal condition for 
Settling would be the maintenance of an absolutely unchanged temperature 
throughout the settling tank. 

[here sediments or slimes are to be settled, the settling tanks should either 
have flat o» plane-slanted bottoms to allow the use of mechanical scrapers, 
9" should be cone-bottom tanks with cone slopes greater than the angle of 
терове of the sediment, so that opening the draw-off valve will give complete 
Sediment drainage. Draw-offs should be closed by cocks set close to the cone 
of the tank or by gate valves, во that clots may be readily cleared by push rods. 

Coagulating may be a very useful or even ап essential step prior to centri- 
fuging, to enhance the possible through-put rate and to improve the separa- 
tion. If the particles also coalesce, the gain in differential densities usually 
more than counterbalances the slightly smaller dimensions of the new size of 
the coalesced particle. Whether coalesced or merely agglomerated, the set- 
tling rate and centrifugal separation rate are increased. In many cases, heat- 
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ing alone will coagulate. In others, washing or cooking, or digesting under 
pressure, with water or other liquids will bring about coagulation. The addi- 
tion of some kinds of chemicals that do not injuriously affect the materials may 
be employed to reduce or to neutralize the electrical charge on the dispersed 
colloidal particles, thus allowing them to unite. Coagulation may also be 
carried out во as to form a kind of mat which, in settling, entangles and carries 
down with it all other particles. Disturbances such as convection currents 
must be avoided. 

Partial centrifuging, makes possible the separation of three liquid 
mixtures by carrying out first, a partial separation which removes one liquid 
from the mixture and, second, by recentrifuging the mixture to separate the 
two remaining constituents. Generally it is somewhat easier to carry out the 
first step so as to discharge the mixture at the inner lip and one, only, at 
the outer lip. The proportion and gravity differentials of each of the three 
constituents determine the methods that may be used, for if two are closely 
alike in gravity they may be made to discharge together more readily at one 
lip, and if one of the three is present in quite large proportions it may be made 
to sweep along with it small portions of a second constituent that would 
otherwise lag and clog. 

Partial centrifuging may also be applied by centrifuging, first, at a very 
high through-put rate for а partial separation or clarification, followed by 2 
rerun at a low rate for a high degree of centrifugal purification, Another 
method is to pass the material through a large-diameter basket-type contrif- 
ugal for separation of large proportions of the more readily removed materials, 
followed by processing in a small high-speed centrifugal for a final purification» 

Adsorbent Treatments (see pp. 1269 to 1336). Adsorbent treatments 
with carbon or other adsorbents may be used to pick up colloidal particles 
which may then be removed by settling, filtering, or centrifuging. If per- 
colating beds are used, relatively large-mesh particles must be used (usually 
not finer than 30 to 60 mesh) to get reasonably high-liquid flow rates through 
them, thereby entailing a lower surface/volume relation and lower effective- 
ness of the adsorbent but somewhat smaller losses of liquid. If stirred in, 
"fines" may be used, which is more effective, but which usually entails some 
loss of the liquid, which either is thrown away with the spent adsorbent ог, 
if extracted, is of low grade. Adsorbents may remove antioxidants and 
corrosion inhibitors from oils, and this effect must be borne in mind if they 
are used in oil treatment. A wide variety of natural, processed, and trade- 
named materials are used for such purposes, such as diatomaceous and 
siliceous earths, fuller's earth, bentonite, silica gel, adsorbent carbons, 
Sil-o-Cel, Filtrol, Darco, etc. (вее р. 1277). 

Washing and Chemical Treatments. These are often important, and 
sometimes essential processing aids prior to centrifuging. Washing may be 
partly в purely mechanical action for removal of impurities but often has 
chemical or physical chemical effects. Рог instance, water may extract wate! 
soluble acidic deterioration products from oils, particularly when fresh! 
produced, by preferential, or partial, solubility in water. The subsequent 
centrifugal separation of the wash water thereupon removes these detoriora- 
tion products which had been in solution in the oil and so are not otherwise 
removable by centrifuging, since centrifuging does not separate materials in 
solution from their solvents. Washing may also carry forward a chemical 
reaction to a point where the intermediate is converted into an end product, 
water combination, emulsion, or other condition, where centrifuging сап 
become effective. Deterioration products in oils may thus be quickly carried 
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98 over into the sludge or the sludge-and-emulsion stage and then thus 
хепотей by centrifuging. Fuller's earth and some other such materials 
Which have an affinity for (or adsorbent action upon) water or other wash 
liquid may, upon the diffusing of such liquids through the liquid to be treated, 
have their mass or their gravity so increased as to promote greatly their 
ease of separation. 

Temperature effects on viscosity and specific gravity differentials 
ite closely related. The differences in rates of volumetrie expansion with 
temperature form a means of obtaining, or increasing, the differential of 
Specific gravity up to a value which will permit of gravity or centrifugal 
Separation by heating (or cooling) to an appropriate temperature. It is even 
Possible in some cases to reverse the relative gravities. ‘The temperature 
coefficient of viscosity is very large, and heating of viscous liquids to a tem- 
perature which will reduce the viscosity to a point which will give ready 
centrifugal separation is very widely used. 

Therease of temperature, however, increases the Brownian movement and 
to tenders more difficult the settling or centrifuging out of small particles of 
Colloidal or semicolloidal sizo. 

Another temperature effect present in separation is the temperature-solu- 
bility coefficient. Even with such nominally mutually insoluble materiala 
һа oil and water there is а small solubility of water in oil, which increases with 
iue of temperature, Consequently the separation of water from oil at high 
temperature will leave some water in solution with the oil, which precipitates 
And appears as a fog or а cloud in the oil on cooling. This may be of impor- 
tance in electrical insulating oil and makes desirable its centrifuging аб 
Inóderate temperatures such as 30° to 40°С. or just sufficiently high to obtain 
d Suitably low viscosity. In more viscous oils, it may be desirable to increase 
the temperature till the viscosity is reduced to about 300 sec. Saybolt Uni- 
versal (or about 65 centistokes). 

Emulsion breaking can often be effected by centrifuging without other 
{restment than heating to obtain a suitably low viscosity. Heating also 
rings about a number of other effects which facilitate breaking the emulsion. 

A carefully conducted heating, just up to the point where the inner phase 
9f the emulsion is partially evaporated, thereby breaking the surface film, 
may be employed, provided the operation is so conducted as not to cause 
“Xcessive evaporation and frothing. The heating must be thermostatically 
Controlled and may be applied in either а pipe line ог a vessel. In addition, 
| Old liquid or one similar to the inner phase may be fed in, just after the 
heuting, to condense vapor and to control frothing. 

Emulsions may be dissociated by vacuum instead of by heating, to get а 
Partial evaporation of the inner phase, although this method seems to be 
‘lightly more difficult to control as to frothing and loses the advantages of 
eating. Freezing may break some emulsions, just as long standing and long 
Settling may cause dissociation, but these methods are less applicable for pro- 

uction operations. 

Chemical methods, such as the addition of salts or acids, may be employed 
to dissociate emulsions. 


MACHINE-OPERATING FEATURES 


Starting devices and driving mechanisms must take into account the 
тва moment of inertia of the bowl and the high speed to which any centrif- 
“gal bowl must be brought and be sturdy in design with ample capacity to 
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start the bowl smoothly and to bring it quickly up to speed without jerk of 
shook. 

Light bowls, such as the tubular type, are usually driven by a flexible 
fabric belt, and, as their inertia is small, they can easily be brought up to full 
speed by letting the belt slip during this short acceleration period. 

Belt-driven machines with bowls of great mass are often started by allowing 
belt slip to occur at first to a greater, and later to а less, extent while the 
machine is being brought up to speed. This is the simplest method possible, 
requiring no special mechanism and giving very good results for infrequent 
starts, but it usually needs the personal attention of an operator, for the 
several minutes required to attain full speed and may entail undue wear 
on the belt. 

Centrifugal friction clutches with the weights driven positively give am 
extremely smooth start, and the wearing pieces may be of brake lining of 
other readily renewable materials. Springs may be used to hold back the 
friction weights until the motor or the pulley gets up to a predetermined frm 
tion of full speed, which is a considerable advantage for induction motor: 
particularly single-phase motors with split-phase starting coils. 

Automatic electric controllers, which regulate the motor speed во as to 
bring the motor and centrifuge smoothly and gradually up to full specd 
together in a predeterminable time cycle with a regulated power demand o» 
the supply lines, are quite advantageous for basket-type centrifuges on large 
production schedules requiring definitely laid-out schedules for time for 
loading, time to bring up to speed, time at full speed, time for slowing down: 
and time at standstill for unloading. Usually in such а cycle the time for 
accelerating to full speed is greater than any of the others and so is the most 
important to control. This method is the most economical of power, n& 
none need be wasted in friction or in attendant's time and so, for some uses 
well justifies its high first cost. 

Driving mechanisms may be direct belt from n motor or line shaft to the 
bow! spindle pulley or by worm wheel and worm with either a true worm tooth 
or a helical worm and straight-face worm-wheel tooth, or, more rarely, by bevel 
gears. Basket centrifuges use the belt drive almost exclusively, but the 
smaller, high-speed centrifuges may use either, both giving quite adequate 
service results. For either type of drive the principal requirement ів that the 
size for belts or gear teeth must be amply proportioned in order to give ade- 
quate wear resistance and to offset the handicap of the high speeds involved- 

Lubrication of vertical spindles carrying bowls mounted on the upper 
end requires special provisions for the feed and maintenance of a lubricating 
oil film, А bearing whose lower end can be immersed in oil may have helical 
oil-pumping grooves on either the journal or the bearing to raise the oil to 
the top end. Such grooves may give high pumping pressures, for instance 
a7 та. per sec, surface velocity can be made to develop a pressure of 2 atm- 
The edges of oil grooves must be chamfered to spread the oil peripherally- 
Such grooves serve also to wash grit out without scoring the surfaces. The 
top bearing of such а machine is subjected to severe operating conditions. 

Tf, as is usually the case, full speed is above the critical speed, the bowl 
which rotates about its form center at low speed changes over as it passes 
through the critical speed to rotate about its center of gravity. This change- 
over is the usual cause for noise and rough running while coming up to speed- 
At full speeds, above the critical speed, the spindle will weave slightly and а 
flexible bearing support must be used if excessive bearing stresses are to be 
avoided. 
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m flexible support should be well damped to reduce the amplitude and 
ntinuance of vibrations. 

" ee Attachment of tightly closed lubricating-oil tubes to provide feed 
tion of aut Under pressure presents certain difficulties because of the vibra- 
oil ig lg е bearing as it follows the spindle positions. On this account, 
tube изађу fed to a recess in the upper end of the bearing by an oil-feed 
ported nich is not fastened to the bearing mechanically but is freely sup- 
зена ПО the frame in a position to drop the oil into the recess. Either 
parta ар ог helical grooves may be used to conduct and to distribute oil to all 
Of the nett? bearing. А сар or cover should be fastened to the upper end 
prev’, bearing with а hole just large enough to clear the spindle surface to 
Suri ê Windage from blowing the oil feed off the top end of the bearing. The 
for 466 Speeds nre so high that oils of low viscosity would be satisfactory 
ing fj ued operation at full speed, but, owing to the need for a lubricai- 
me, film at the lower speeds during starting and stopping and the need for 
Maintaining a supporting film even after some wear has taken place, the 
оеша" ог "heavy" oils are more suitable considering the all-round 
i ditions of service, particularly considering that vertical centrifuge bear- 
ngs seldom have a complete oil film. 
y Blancs and vibration have a major effect on wear and performance. 
sd" dynamically balanced when built so that not only the bowl runs 
ТОКЧУ but also the spindle, in order that the frame may not suffer severe 
3 ing forces. The frame is usually supported upon rubber cushions or 
held by heavy springs to relieve stress upon the foundation bolts and founda- 
h Machines with bowls running at speeds of 6000 r.p.m. or more are 
lanced so that frames and other parts do not have amplitudes of vibration 
Greater than fractions of 0.001 in. Basket centrifuges with speeds of 500 
to 1500 rpm. may have higher vibration amplitudes. In such machines, 
Which are often loaded and unloaded every few minutes and where the load 
masses cannot readily be disposed so as to eliminate unbalance, the suspension 
Of the frame on springs is of considerable advantage. 

Hollow tubular bowls, having а small mass relative to the frame and 
Tüsbended on the drive shaft, may be run in frames solidly bolted to the 
Oundation, Guide bushings and semiflexible means for damping side swing 
hre usually provided. 

‘ear and corrosion present difficulties, if they occur to an appreciable 
extent in the bowl, since this is the most expensive and carefully made part 
Ға centrifuge. Such changes may not only alter the performance but change 

һе balance or mechanically weaken the parts. Corrosion-resisting materials, 
Such as monel, chrome-iron, chromium-nickel-iron, or protective coatings, 
Such as tin, plated by the hot dipping process, and rubber coatings, are used 
to meet special conditions. 


ENERGY AND POWER REQUIREMENTS 
The stored energy in the moving parts may be expressed 4s 
Е = ми (22) 
Where E is the energy in kilogram meters; Г is the polar moment of inertia 
in kilogram meters; w is the angular velocity in radians per second. 
А stored energy is usually quite considerable and may take the full 
input from the motor or line shaft for periods of 1 to 10 min. 
Equation (22) may be restated in a form to give the approximate values 
ог the energy stored in rings of I-em. square section and different radii for 
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the mean section, at various speeds, assuming the wall section to have а 
specific gravity of 7.83, the same as steel. This form is 


Е = 2.15 Х 107*r* (r.p.m.)* (23) 


where E is the stored energy in kilogram-meters; г is the mean radius of 
the section in centimeters; r.p.m. is the speed in revolutions per minute. 
The accompanying curves (Fig. 15) show the range of values for stored 
energy. 
The power lost in friction of the bearings and of the driving mechanism 
of underdriven machines is mainly in the top bearing on the high-speed 
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spindle, next to the bowl, which may represent as much as half of the total 
machine friction because of its high speed and the large diameter needed to 
get a sturdy construction for the support of the bowl. Next in order of magni- 
tude is usually the lower bearing, which is generally of much smaller diameter 
than the top bearing. A worm and worm wheel have generally a relatively 
small friction loss. A belt drive may likewise have a high efficiency if the 
belt is not too thick and stiff, and if of adequate width for the load to be 
carried. The friction in other bearings, if any, is usually a small factor in 
the friction losses. All these considerations point to the need for attention 
and supervision on the part of the operator to see that the high-speed spindle 
hearings (particularly the top bearing) are kept well lubricated and are 
inspected regularly so that they can be repaired or replaced immediately, if 
required. 
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The power lost in accelerating the through-put and in the interior 
Passages is one of the inherent factors incident to centrifuging. In a batch 
fentrifuge of the basket or centrifugal-dryer type, where the bowl is loaded, 
"tought: up to speed for the centrifugal treatment, drying, eto., and then 
stopped (usually by brakes employed to save time), the energy stored is 
Fretrievably lost. In such cases the acceleration of the load along with the 

wi is calculated by the methods already described for that stored in the 
owl. In continuous centrifuges the liquid fed into the bowl must be con- 
tinuously accelerated up to the linear velocity of the largest diameter part 
ОГ the bowl through which it passes (if the liquid is to be subjected to the 
ull centrifugal effect). The power required for load acceleration may be 
expressed as 


L-1—y* ive (24) 


where L = power, kg, m. per sec. 
@ = through-put kg. per sec. 
r = radius (in meters) of the largest part of the bowl with which the 
liquid rotates at the full speed of this part. 
© = angular velocity in radians per second. 
The „= Beteleration of gravity, m. per sec. per вес. = 9.81. 
he power may also be expressed in horse power as 


Н.р. = 5.167 X 106: (r.p.m.)* (25) 


where Gs is through-put in pounds per minute, and R is the radius in feet. 
f slippage does not occur, the energy imparted to the liquid at the maxi- 
mum radius it reaches in the bowl is recoverable on its return toward the 
center line before its exit over the discharge lip. The energy in the "dis- 
»tharged" liquid or liquids at the point of discharge is that corresponding to 
the radii of the discharge “lips” (rather than the radii of the largest part of tho 
bowl they may pass through), plus that small quantity of energy represented 
by the liquid velocity radially outward Гог emergence. This latter quantity ів 
relatively insignificant and is in any ease supplied by the pumping pressure 
due to the centrifugal pumping “head” between the check ring and discharge- 
їр radius, or radii, and so may best ђе included with the energy required to 
overcome liquid friction through the interior passages. 

„If the discharge lips are provided with shapes for discharge passages which 
direct the stream “backward,” the reaction tends to drive the bowl forward, 
and so a considerable fraction (about half) of the energy in the liquid discharge 
may be recovered depending upon the tangential angle and the discharge- 
Passage friction. 

The liquid friction in the interior passages absorbs an amount of energy 
which may be as large as that in the liquid discharge. 

The friction head is of course supplied by the centrifugal pumping head, 
Produced by the difference in radii of the check ring near the center and the 
discharge lip. № part of this energy can be “recovered,” although the value 
may be kept small by designing passages of ample size and with smooth 
curves, so that a small “head” will supply it and so allow the use of discharge 
lips of small radii. 

Tf a discharge lip (or weir) leads to nozzles discharging in a radial or partially 

„tadial direction, a separate determination may be made for the energy required 
by calculating the centrifugal head between the outer and inner radial posi- 
tions of entrance and exit of the nozzle. 


' 
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RELATION OF SIZE, DRIVING POWER, AND COSTS 


Cream Separators. The accompanying set of curves (Fig. 16) gi 
representative data for the through-put of liquid-liquid, continuous, centrif 
ugal separators and customers’ prices as cream separators, of the standard 
type using a simple belt drive and the corresponding data for the net hors? 
power required for operation at full liquid load. (For motor costs see pp- 
2713, 2718, 2719.) 

Oil Purifiers. The set of curves (Fig. 17) gives values for the maxis 
mum through-put of continuous liquid-liquid centrifuges and customers 
prices, аз standard oil purifiers, and the corresponding data for the driving 
power of the standard types. Special features and accessories are not 
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Fra, 16.—Milk separators—relation of r 


is, price, and power requirements. 


included in these price figures as the nddition of motors, double pumps for 
inlet and return, heaters, and supplementary blotter presses, such as are used 
for insulating oil, all mounted upon a single movable platform or truck would 
add costs about equal to that of the centrifuge alone. 

Basket Centrifuges. Basket centrifuges cannot readily be rated in 
terms of through-put but are usually rated by basket diameters. "The curves 
in Fig. 18 give representative figures, showing the relation of holding capacit; 
price, and the horse power required for such standard work, as laundry “dry 
ing,” dry-cleaner's solvent drying, and the handling of simple chemicals, "The 
through-puts must be estimated from the drying characteristics of the 
materials handled, the “dryness” required and the operating schedule that « 
may be maintained under the labor conditions, and other work that the 
‘operator may need to attend to, 
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18. — Basket centrifugals—relation of diameter, holding capacity, price, and power 


requirement, 
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Costs for centrifuging may be estimated for typical cases, based ОП 
assumptions as to operating schedules and other factors, representative of the 
usual conditions of service. Five such cases are illustrated in Table 2 
namely, a medium-size hand-driven cream separator as used on a farm, a large 
creamery size, power-driven cream separator, a large oil purifier, as used for 
the lubricating oil of an electric power station turbogenerator, a large-size 
laundry dryer, and a large sugar centrifuge, with automatic equipment for 
loading and unloading operated in parallel with a number of others, on condi- 
tinuous duty, with а minimum of labor. 


Table 2. Cost Estimates for Centrifuging 


T Т 
Hand- 18) рый | Centrifugal а 
| ven | омега | Lubricating- | Задаци | centum 
Туре of service farm-sise Gon hi aat power dryer sugar 
| see | separator | эшш | Piper pru 
Capacity, gal/min. 16 20 1 OID, | Û tona por br 
АИ Р... al 13 |» 
Dail ting schedule, | | 
НЯ | og 9 4 7 24 
аа atis КК. [4 1 2 8 (1 man, 3 
machines) _ 
Annual operation, Бе. . ЕД 325 | 8280 1941 | 12% 
‘Annual labor time, manhe | % 365 533 2400 
Annual through-put. | 435000015. | 78840001. | LO740001b. | 72000 tons 
First cont... 321.50 | $2800.00 | $2750.00 | $2900.00 | 3800.0 
‘Annual feed cos | 
Obsolescence and depre- 
ciation из $ 8.16 Ho $ 280,00 [мо $ 275.00 Vio $ 290.00 Ио $ 800.00 
Interest... dest 356: 00 16500 lés 124,00 |050 480.00 
шшш and ша 028 24525 5600 55.00 |2% 502% 160.00 
Subtotal... $17.95  $504.00| $495.00 | $520| $490 
Unit fixed coris 407) $ ome) 5 0000 $ 046 $ 0020 
Annual variable costa: | | 
Cost per man-hr..... зом s 020) $ om | s 060) $ o6 
Cost per h.p. hr. 2 | 0.025] 0.01 0.02 0,005 
Tabor cot | ея 9 255501 $2550 | $319.80] 319000 
Bower Cost | * 32850 502 218,00 | *5400.00 
Repairsandsuppliescost:| ^ 83 100 75.00 7500 150,00 
Subtotal | smzm somo) $680.70 | seize) $710.00 
Unit variabila cas $58 5 015| 5 0084 $ 052 $ 0098 
Total annual costs,.,.....| $135.66 $185.20 | $175.70 | $134.80 | 38550.00 
‘Total unit corte $ 58) s 025) $ 000 $ 108 $ 019 
Unit for costs. ..... 1000 gal. | 1000 al. | юв. | 10. | 20002, ton 
APPLICATIONS 


‘The Dairy Industry. This industry depends almost completely upon 
centrifugal separators of the cone-shaped, separating disk type in all of itë 
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Operations for obtaining cream for table use and for making butter. The 
Principal classes of uses are: 


1. Far 
making, 
2, Story milk separators to obtain cream for table use, for butter making, and for 
тега manufacture, Y Же 

û Factory whey separators to recover butterfat from w ey after making cheese, = 
4. Puctory mille el riore oe. sediment from milk before bottling for dis- 
tribution to customers, 


® Factory, gathered-cream separators to skim old or gathered cream. 


m milk separators to obtain cream from whole milk for shipment or for butter 


а che farm milk separators are usually small in capacity, że., less than 
3 gal. per min., most frequently run by hand crank, although motor or gaso- 
ig 4 P Eine belt drives are available, A reasonable standard of performance 
or 4 Putterfat loss in the skim milk not over 0.025 per cont by Babcock test, 
Or Бош 0.085 per cent by Róse-Gottlieb or other extraction methods, | 

Factory separators are all power-driven by belt from а line shaft, electric 
Вог, Or steam-turbine wheel. A reasonable standard of performance іза 
butterfat logs of 0.01 per cent by Babcock test or 0.05 per cent Róse-Gotilieb. 

Petroleum Refineries. The principal uses for centrifuges in petroleum 
ning have been for bright-stock dewaxing and the separation of sludge from 
ina treating. Solvent dewaxing and solvent extraction processes have 
Miso used various types of special centrifuges for the s paration. j 

d the bright-stock process the slowly chilled oil, previously diluted with 

про уе naphtha, is passed through the centrifuge, where the chilled amor- 
Борба Wax discharges at the outer bowl lip and is swept continuously away by 
hot water, Removal of the naphtha by distillation yields an oil with a cold 
he шу about 30° to 50°F. higher than the temperature to which the mix- 
ше had been chilled. у 

In the acid treating of gasoline or lubricating oil, the acid and acid sludge 
Will separate by gravity in one or two days but may be separated in a few 
{nutes after contacting by continuously mixing the acid and gasoline or oil 
(without too violent agitation) and immediately passing through а liquid- 
liquid, continuous centrifugal separator. This gives a complete control of 
{he reaction, preventing overreaction and secondary deterioration, thus reduc- 
crag Satine ог oil loss and conserving valuable constituenta present in the 
inude oil. A reasonable performance would be only a trace of mineral acidity 
12 the separated oil and а neutralization number for the or ganic acids of 0.05 
10 0.10 mg. KOH per gram. It is quite important that the next stage, which 
ug ually a fuller's-earth contact, should be carried out at once after centri 
ore, separation. The quantity of clay needed may be reduced 30 per cent 
ОП Plore, along with some saving of acid and the production of gasoline, or 
Oil With several per cent less losses and of a higher quality. Е У 

a silent. dewaxing, the solvent and oil being treated, are mixed, refri- 

ferated, and centrifugally separated. The solvent is distilled off, or otherwise 
‘covered and reused with very small solvent losses. ЕЕ t 
Solvent extraction is employed principally to obtain oils with a higher 
Тїшє НУ index, i.e, a lessened decrease of viscosity with increase of tempera- 
ture, in order to combine low friction losses at low temperature with adequate 
yiteosity at the high operating temperatures of internal-combustion engines 
A full speed and heavy load. The centrifuges, or other means for separation 
ui Often arranged in a countercurrent series, whereby the finished oil is 
Elven its last extraction, by “fresh” solvent. 
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Vegetable Oil Refining. The process required (such as for cottonseed 
oil) is в treatment with caustic soda in a water solution to saponify organic 
acids, remove gums, ete., which may be accomplished by mixing in а moderate- 
size, continuous reaction vessel and passing the mixture at once through # 
liquid-liquid, continuous separating-type centrifugal separator. The soap 
stock is discharged at the outer lip and pure oil at the inner lip. The oil 
loss in refining depends on the free fatty-acid content which varies with age, 
and other conditions in the cottonseed-oil mills and upon crop conditio: 
‘The loss ranges between values of about 6 to 10 per cent of the raw oil with 
kettle refining and gravity settling, but with centrifugal separation the loss 
may be 2 per cent less, i.e., 4 to 8 per cent of the raw ой. А better color їв 
obtained in the refined oil and lower values for moisture and free fatty-ncid 
content. 

In palm oil and olive oil, the problem consists largely of getting a quick 
separation from water or saps to avoid fermentation and rancidity in the 
oil, resulting from standing while settling by gravity. The recovery of oil ія 
increased З to 5 per cent and all may be equal to “first pressing" or “firat 
grade," instead of about half “second grade” and up to 5 per cent of “third 
grade.” Cast iron and tinned steel are suitable for bowls and covers, but 
all copper and brass must be avoided. 

In orange and lemon oil, the problem consists of skimming the very small 
quantities of oil released from the rinds by crushing and expressing, from the 
water and juices. Monel or chromium-iron alloy bowls and covers are 
desirable to avoid corrosion. 

Soya bean oil requires not only a refining process but also degumming, 
which may be accomplished either by solvent extraction or by a hydrolyzing 
process, In either case a centrifuge provides в quick and complet recovery 
of high-grade oil. 

In both fish oil and whale oil, the problem consists of recovering the oil, 
free of water after cooking or “trying out" and free of shreds of flesh, bone, 
scales, etc. А nozzle type of liquid-liquid discharge bowl is used for the first 
stage separation, so that the solids are discharged through the nozzles along 
with enough oil-free water to sweep them along and out of the receiving cover. 
Oil-free water is discharged over the outer liquid lip, and oil with some water 
emulsion is discharged from the inner liquid lip. The oil nnd oil-water 
emulsion discharged at the inner liquid lip is given a second centrifugal 
purification through a liquid-liquid oil purifier, to recover water-free oil, 
and water that may be returned for reuse. Whale oil is now produced largely 
in apparatus installed for this purpose on specially built ships, which accom- 
pany fleets of whalers doing the chasing, killing, and capturing. The whale’s 
body is hauled alongside or through a specially provided stern chute, cut up, 
and the blubber “tried out.” ‘The fresh oil is separated from water and is 
purified by passing through liquid-liquid, continuous-type centrifugal 
purifiers to remove water and solids. This ensures a clean oil which ean be 
stored for months without acquiring rancidity during the whaling season, 
which lasts six to nine months, before return to port, thereby greatly enhanc- 
ing the quality and consequent price for the oil. The gain may be as much 
эв $15 per ton. 

Wool-grease Recovery. This process consists in skimming the wool 
grease washed out of sheep's wool in the process of scouring it prior to carding. 
A great deal of dirt, sand, etc., is also washed out, requiring settling or decant- 
ing vate or the use of basket-type batch centrifuges, prior to skimming the 
wool grease out by means of continuous, liquid-liquid centrifugal separators. 
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The wool grease, particularly if quite clean and light in color, has some value, 
but it is even more important to remove the grease from the wash water before 
it is run off into sewers or water courses, to avoid stream pollution. For this 
Teasoz, skimming types of bowls have been used in order to give the maximum 
Purification to the water by remoying the last traces of grease. 

Valve-type bowls of the liquid-liquid solid type are now being used in wool- 
trouring processes, in which the solids are continuously discharged through 
the valves, the cleaned and degreased wash water is discharged at the outer 
discharge lip (to be returned for reuse in washing), and a wet grease is dis- 
charged at the inner lip for recovery of grease. ‘This wet grease is usually 
given a second centrifugal separation, to remove the water and further to 
FAR it preparatory to refining to pure lanolin or the production of fatty 

vids, 

Lubricating-oil Purification. One characteristic requirement common 
1o all cases of lubricating-oil purification is the need for a centrifugal purifier in 
constant operation upon a continuously recirculated portion of the lubricating 
ОЙ, whereby an amount equal to the whole amount of oil in the system is 
separated from any water that may be present and purified of sediment and 
Solids of all kinds every few hours. A liquid-liquid, continuous-separator 
type bowl is employed in all cases except for small Diesel engines where water 
15 practically always absent, or in locomotive or marine Diesels where water 
is not available for water washing the oil. This requirement, of constant 
centrifugal purification is not so much for the purpose of saving oil, important 
аа that is for marine installations, аз to reduce wear on the turbines and 
engines and to avoid stoppages, unexpected outages or interruptions of service, 
and repair costs. 

It is important in all continuous, by-pass purification systems to keep in 
qnd that the criterion of the purification should be the condition of the oil 
j the whole system and not the purification effect of a single passage through 
the purifier. In general and with few exceptions, the centrifugal purifier 
should be operated at a high through-put rate, even though at a somewhat 
заспе contrast between the feed and the purified oil discharged from the 
Purifier. 

‘The larger number of passes more than makes up for the somewhat smaller 
Purification coefficient (provided the sediment is not too small in size to be 
Jemovable). It may be shown that the optimum through-put rate is 


С. Ni ^ (26) 


Where к is the rate of sediment production, and м is the ratio of sediment in 
the outgoing oil to that in the feed at unit through-put. 

Steam turbine oil is subjected to heat in the bearings, air contact, water 
fontact, and cooling in the water-cooled cooling coils. The heating and air 
contact promote oxidation, with the production of organic acidity; and in 
the later reaction stages, sludge. These reactions, in turn, decrease the ease 
of separation of oil from such water as may come from steam-gland leaks, 
Cooling-water leaks from water-cooled bearings or in water-cooled oil coolers, 
Or condensation on surfaces or by absorption, solution and reprecipitation 
from the atmosphere, or even, as а result of the chemical reactions in the oil 
itself, from dissolved oxygen. 

The emulsion sludge as well as the soluble sludges (metallic soaps, ete. 
tend to precipitate on cooling and thus to coat the surfaces of water-cooling 
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coils, to interfere with heat transfer, and to involve difficult cleaning opera- 
tions for their removal. On the other hand, the freshly produced organic 
acidity is many times as soluble in water as in oil and so may readily be washed 
out by mixing a small stream of boiling water with the oil and immediately 
separating this water in a continuous liquid-liquid centrifugal separator. 
‘The continuous centrifugal separator further protects the turbine from danger 
of water leaks into the oil and removes worn bearing particles and dirt from 
the oil. A reasonable maximum performance for a centrifugal purifier on wet 
turbine oil is that at which it leaves a moisture content of 0.05 per cent and 
correspondingly less at lower capaciti The neutralization number and 
steam emulsion number may become stabilized, but at values that vary 
markedly with the oil, the operating temperature, and other service condi- 
tions. Neutralization numbers of 0.5 to 1.5 mg. KOH per gram of oil and 
steam emulsion numbers of 300 to 600 sec. are frequently found in steam- 
turbine oil in service, when centrifugally purified by a continuous by-pass 
system. In such a system there should be present only traces of sediment 
or sludge. 

Diesel-engine lubricating oil seems to be slightly subjected to oxida- 
tion, but is markedly affected by cracking or burning, owing to the high 
temperatures, and accumulates worn metallic particles owing to the high 
bearing pressures and the reciprocating motion, as well as dirt from the 
combustion-air and breather connections. Some residues come from the 
fuel oil and sometimes fuel dilution occurs through failure to fire, owing to 
Jack of compression, bad mixture, moisture in the fuel ой, ete. The sediment 
in the oil consists largely of finely divided carbon, semicolloidal in size, along 
with small proportions of worn metal and metallic oxides, sand, dirt, etc 
The latter types of sediment аге readily removable by centrifugal clarifiers 
for liquid-solid clarification, but the carbonaceous material requires a high 
degree of clarification for satisfactory removal. By suitably large centrifugal 
clarifiers on a continuous by-pass purification, the total sediment in the oil in 
the system may become stabilized at values of 1.0 to 1.5 per cent. Tt appears 
undesirable to allow the sediment to reach values much over 2.0 per cent. 

If hot water is available, washing the oil with water may be resorted to, 
using water proportions up to 40 per cent, and then immediately passing the 
well-mixed water and oil through a liquid-liquid, continuous centrifugal 
separator, thereby flushing most of the finely divided carbon out of the oil 
and the bowl along with the water and pocketing only the dense sediment 
in the bowl. This sediment may be cleaned out of the bowl by hand upon 
stoppage of the centrifuge. Hot-water washing markedly improves the 
centrifugal purification of the oil. 

Rolling-mill oil usually has large amounts of water splashed in from the 
cooling water on the rolls and large amounts of mill scale and dirt. Purifica- 
tion requires a liquid-liquid, continuous-separating type of centrifugal bowl, 
with sludge pockets of considerable size and with gravity presettling tanks 
for catching the major part of the water and the coarser sediment. А reason- 
able performance for the maximum through-put appears to be not more than 
0.050 to 0.200 per cent of moisture and 0.05 per cent sediment left in the puri- 
fied oil, depending upon oil temperature and viscosity, and correspondingly 
lower values at less than maximum through-put. 

Gasoline-engine crank-case oil purification is carried out by centrifugal 
purifiers mounted alongside the engine and operating continuously on a part 
or all of the lubricating oil being pumped to the engine bearings in only а few 
types of automobiles at the present time, because of the moderate size of such 
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engines and the difficulty of getting adequate attention to cleaning or making 
Tepairs by drivers or garage repair men. 
a Dateh reclamation on ой dumped from the crank cases of fleets of cars or 

tucks is quite common. If the quantities and conditions are such that the 
oil is to be used only as fuel, then a simple purification to remove free water 
and coarse sediment is adequate, which can be done by standing and gravity 
Settling on a small scale where ample time is available, or instantly in liquid- 
liquid, continupus-separating typed of centrifugals provided with sludge 
Pockets of adequate size. 

If the oil is to be reused in gasoline engines, water washing and treatment 

i neutralizing chemicals, such as sodium silicate and trisodium phosphate, 

may be carried out first, followed by settling or centrifugal separation, with 
subsequent removal of dilution in some cases and of fuller's-enrth treatment, 
Or restoration of olor in others. These last two steps are quite often 
Considered unnecessary, since some dilution is sure to occur in service, and 
Color is of itself no indication of service value. Furthermore it should be 
borne in mind that dilution, unless quite excessive, is not altogether а dis- 
Advantage since it performs an automatic self-regulating function. Since 

Пибор is generally greatest in cold weather, it renders starting easier and 
delivery of oil through the lubricating tubes more certain, while in hot weather 
the lessened dilution causes higher actual viscosities und therefore better 
high temperatures in the bearings and on the cylinder walls. 

Block-test lubricating oil needs purification, primarily for the removal of 
Worn metallic particles incident to the running in of newly made parts and 
of chips and filings and shop dirt left on the parts. ‘Their removal avoids 
Cutting and scoring of parts and hastens the running in operation. Gasoline 
engines are quite usually driven by gas and not by gasoline during the block- 
test run, so that dilution is not a factor. А continuous, by-pass purification, 
Using а liquid-liquid, continuous-separating type of bowl, with sludge pockets 
of ample sige to hold the solid sediment is usually employed. Water, spilled 
9r leaking from the jacket water-cooling system, is often present and a stream 
Of clean water may be passed through the centrifugal along with the oil to 
Assist in its purification by water washing the oil. 

Diesel fuel purification requires the removal of water and solid sediment. 

Jven small proportions of water, particularly if unevenly distributed, will 
Cause mis-firing and even stoppage of the engine. In marine service, where 
Sea-water leakage to the oil storage tanks is almost sure to occur, since these 
tanks are usually placed next to or against the outer hull, or where sea water 
is pumped in to provide ballast in emptied oil tanks, water separation is of 
Breat importance. Solid-sediment removal is desirable in order to reduce 
biston and cylinder or cylinder-liner wear and clogging fuel-injection nozzles, 

"ter may be separated partially by bafiled, gravity settling tanks, but 
sediment is not removable to any appreciable extent in this way. The 
liquid-liquid, continuous-separating type of centrifugal, provided with ample 
sludge-holding pockets, will remove both water and sediment and may be 
built to operate even during fairly heavy seas. 

A reasonable standard of performance for a centrifugal purifier is somewhat 
dificult to state, because of the wide range of viscosities and specific gravities 
9f Diesel fuel. 

For erudes and residues of 300 вес. Saybolt Furol at 50°C. (about 640 
centistokes) the moisture residue may be kept to between 0.5 and 1.0 per 
vent, provided the oil is heated close to the boiling point of water. In 
any case, fairly effective centrifugal separation is obtainable only when the 
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viscosity at the temperature of separation is not much greater than 300 sec. 
Saybolt Universal (i,e., about 65 centistokes). 

‘The sediment under similar conditions as to temperature and viscosity 
at the temperature of centrifuging may be kept within values of 0.05 per cent. 
Tt is well to bear in mind, in regard to ash content, that some ash in oils is 
due to mineral compounds held in solution and so is not separable by any 
means. 

"TTransformer-oil purification requires principally the removal of the 
last, minute traces of moisture. Even new oil that has been thoroughly 
dried at the refinery picks up some moisture in shipment, either by solution 
from atmospheric humidity or condensation on the upper walls of the con- 
tainers, or it is produced chemically by the reaction of the oxygen dissolved in 
the oil from the air and combining with constituents of the oil. Some small 
amounts of pipe scale, rust, ete., may be picked up also, but this is easily 
separated in the course of the removal of moisture in a liquid-liquid type of 
continuous centrifuge. The advantage of the centrifuge over the blotter 
press, which functions not as a filter but as an absorber of moisture, lies in 
the fact that the centrifuge continues to operate indefinitely at constant and 
full effectiveness, while the blotter press works with. a decreasing effectiveness 
and nt some unpredictable moment must have the blotter papers exchanged 
for new or dried one: he blotter paper may bresk and allow oil to go 
through unpurified Гог some time since such a break is not visible to the 
operator. A reasonable standard of performance at maximum through-put 
of the centrifuge is the leaving of not more than 0,001 per cent of moisture 
in new oil at temperatures not much above that of the room, Owing to the 
solubility of water in insulating oils, which may amount {о 10 to 30 parts 
per million by weight at room temperatures)and ten or more times this in oil 
at 80°С., it is futile to centrifuge insulating oils at, elevated temperatures, 
except as a preliminary stop to break any emulsion that might be present in a 
used oil, to be followed, after cooling and standing long enough to precipitate 
the dissolved water, by д second centrifuging cold. An alternative is to 
centrifuge, once only, at the ambient temperature, but at such a reduced 
through-put as will give the desired purification. Even if centrifuged at 
elevated temperatures, resulting in a brilliantly clear oil with less than 0,001 
per cent of free water and having a dielectric breakdown. of 25,000 to 40,000 
volts between l-in, disks separated by а gap of 0.100 in., just after being 
centrifuged, such oils will, upon cooling, precipitate out some of the dissolved 
moisture, and the ой will become cloudy and may show only a few thousand 
volts breakdown value. After several years of service, transformer oils 
develop organic acidity and finally sludges from oxidation and other reactions. 
The sludge tends to deposit upon, and so to cause overheating of, the coils 
by interfering with their dissipation of heat. The organic acidity cannot 
be remoyed by centrifuging but may ђе reduced by water washing and then 
centrifuging, or by treating with mild alkalies, such as sodium silicate or 
trisodium phosphate solutions and then centrifuging. The sludge and water 
present in old used transformer oil is directly removable by centrifuging, 
and this simple mechanical separation is at present the general practice in 
electric power systems. The treatment with neutralizing chemicals, followed 
by centrifugal separation which restores the oil to its original neutrahzation 
number, may be followed by contacting with 1 to 2 per cent by weight of 
fuller’s earth. The diffusion of a small amount of hot water into the oil 
facilitates the settling of the fuller’s earth and then, after settling, the upper 
layers may be decanted off by means of a floating draw-off pipe to a centrifugal 
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Separator for final purification. ‘This results in the production of a reclaimed 
oil that is as good as, or better than, new oil for reuse. 

Electric switch oil is subjected to the heat of the electric are between the 
Opening contacts of the electric switch, producing gases (principally hydrogen) 
and finely divided carbon. Water and metallic particles may also be present 
Which are readily removed by a liquid-liquid type of continuous centrifuge, 
leaving, however, some semicolloidal carbon in the oil which may then be 
teadily removed by subsequent passage through а paper-blotter press dressed 
With two or more thicknesses of dry paper. 

Cable oil requires purification for the removal of the last traces of moisture 
and sediment, in order to obtain a homogeneous insulating material combining 
lectric breakdown strength, high electric resistivity, low energy loss 
mating electric stresses, and freedom from tendency to change ог 
iorate in service. 

А liquid-liquid type of continuous centrifugal separator may be used for 
the first-stage separation to remove moisture and sediments, waxes, etc., 
followed by passage through a blotter press dressed with two or more thick- 
nesses of blotter filter paper. ‘The centrifugal purification should remove all 
the free water, particularly if carried out at about room temperature во that 
change of the blotter papers which absorb moisture may be rendered very 
infrequent, However, blotter papers, particularly when newly installed, 
allow some fibers to be swept off the back side and into the oil, so that а 
Considerable portion of the oil first passed through the press should be returned 
to the system and rerun. 

Varnish and Lacquer Clarification. Clear varnish needs clarification 
for removal of dirt and fine sediment which otherwise spots or breaks the 
smooth, shiny surface of the dried varnish. A high clarification coefficient 
is necessary, resulting in a need for very effective types of liquid-solid, clarify- 
ing types of bowls and run at relatively low through-puts to obtain the 
maximum possible clarifying effect. It is not feasible to state in words a 
standard for a reasonable performance since this is judged by flowing a small 
quantity of the clarified varnish over а small piece of flawless plate glass and 
observing the surface at an angle which reflects the light obliquely. Under 
such д test the clarified varnish should show no specks or at most only two 
Specks on a plate 10 by 6 in., while if more than four specks show, the varnish 
should be rejected. 

Pigment lacquer clarification is desirable to remove not only the dirt 
and sediment that may have been picked up by the lacquer and, more particu- 
larly, the coarser ground pigment particles which may be reclaimed for 
Tegrinding but also partly dried surface films, ete. Only а moderate clarifica- 
tion coefficient is needed, because of the high specific gravity of the pigments 
апд their relatively large size. А simple type of hollow bowl is generally used, 
though sometimes multiple concentric cylindrical shells are provided. ‘The 
machine is frequently equipped with an adjustable drive for speeds between 
one-third and full speed. By adjusting the speed and through-put, any 
desired degree of clarification may be obtained, The glass-plate or metal- 
Panel method is used for judging the setting and degree of clarification to be 
employed for each grade or kind of pigmented varnish. 

Dry-cleaners’ solvent clarifiers have been used for many years to 
remove continuously the dirt and sediment picked up from the clothes in 
the washer, by-passing the solvent continuously while the washing is in 
Progress through a liquid-solid type of centrifugal clarifier. Simple forms 
of bowls have generally been used, of either the double-concentric, cylindrical- 
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shell, medium-speed type or the single-shell, tubular, high-speed bow! The 
moderate-speed double-shell bowl has been most widely used. The practice 
abroad has been to use bowls with several concentric cylindrical shells, or 
bowls with conical disks much smaller in diameter than the shell, to give 
adequate dirt-holding space. 

А typical plant would have one or two washers, 36 in. in diameter and 54 
in. long, each of which would have with it a centrifugal clarifier with a bowl 
having a dirt-holding volume of 330 cu. in. (5400 cc.). 

Dry cleaners use “dryers” of the centrifugal-basket, type to remove tho 
solvent held in the washed clothes when removed from the washer. The 
clothes retain a weight of solvent equal to 114 to 134 times the normal dry 
weight of the goods, which should be removed mechanically rather than by 
being evaporated off, not only to conserve solvent but also to avoid leaving 
solvent and other odors on the clothes. "The basket centrifuge should leave 
not more than 15 to 30 per cent of solvent by weight for removal in the heated 
tumbling dryer or the cabinet air-blower type of steam-heated dryer to be 
evaporated off. (This “dry cleaning” does not remove the normal water 
content present in cloth, although it may be reduced somewhat, i.e., be 8 рег 
cent instead of 10 per cent.) 

‘A typical basket dryer would be about 26 in. in diameter, with а basket 
depth about half the diameter and run at speeds of 700 to 900 r.p.m. Such 
а basket will hold up to 90 Ib. of clothes (normal dry weight) and require about 
5 to 6 min, for centrifuging and about 3 min. for loading and 2 min. for unload- 
ing, thus making a cycle in 10 to 11 min. and allowing about four to five 
loads per hour, when allowances are made for the operator to attend to other 
duties when not loading or unloading. 

Laundry drying must be carried out in two stages, first the mechanical 
removal, second drying by heat. When removed from the washer, clothes 
hold two or three times their "dry" weight of water, which may be reduced 
to 20 to 30 per cent in a centrifugal extractor but is usually reduced only to 
50 per cent since ironing or pressing requires some moisture. Dry clothes 
normally contain 6 to 14 per cent moisture and, if dried below this, become 
harsh and brittle. A piece of cloth does not seem wet to the hand until it 
carries about one-third of its dry weight of moisture, Wet-wash laundries 
operate on a larger scale than dry-cleaning plants and use the largest sizes 
of extractors, up to 72 in. diameter. Power is required mainly for accelera- 
tion, which may take four times that to maintain full speed. 

Sugar refineries employ centrifugal dryers of the basket type for the 
removal of syrup from the crystallized sugar after concentration in 
evaporators. 

‘The requirements of large-scale, low-cost, competitive production have led 
to the use of the largest possible sizes, up to 60 in. in diameter, with a holding 
capacity of about 15 cu. ft. In addition, the operation must be as nearly 
automatic as possible and involve a minimum of labor, attention, and cost. 
For these reasons, mechanical aids of all kinds find a great field of usefulneas, 
such as time switches for starting and accelerating, running and stopping the 
driving motors, means for filling the basket, mechanical unloaders, dumping 
mechanisms, et 

Breweries grow yeast cells in mash tubs or copper vats of large size, 
such ав 12,000 gal. (50,000 1.) with a yeast-cell content which may, with 
certain grain yeasts, be 3 per cent by volume but with other mashes may 
reach 9 to 10 per cent, Whether grown for aleohol or beer, or for the yeast 
itself, it is desirable to terminate the growth definitely and quickly and to 
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fo parate completely beer and yeast instead of using the relatively slow, gravity 
Settling methods formerly employed. This is now accomplished by contrif- 
реа concentrator bowls, employing nozzles connected to passages leading 
trom the bowl-shell wall so as to pick up and sweep out along with a small 
Proportion of the liquid, all the yeast cells, which, being heavier than the wort, 
ire thrown to the outermost parts of the bowl, while the wort travels toward 
the center between cone-shaped separating disks and is discharged through а 
top connection near the center. 

Such machines are built in sizes up to about 15-in. diameter (38 em.), 
орега{е@ at speeds of 5000 r.p.m., with through-puts of 85 gal. (820 1.) per 
min, on 3 per cent yeast and 60 gal. (230 1.) per min. on 9 per cent yeast, and 
feduiring about 5 h.p. for drive. The concentration possible depends 
piversely upon the yeast richness, because a concentrate of about 60 per cent 
by volume of yeast cells will not flow readily enough to be easily discharged 
through the nozzles. On.this basis, a practical limit would be а concentration 

5 per cent of the original volume for а З per cent yeast and to about 15 
Per cent of a 9 per cent yeast. 

After the wort in which the yeast grew has been separated, it is customary 
to dilute the yeast concentrate to the original volume with cold clean water 
And then to reconcentrate by running through a centrifugal separator a 
Second time, before passing the concentrate to filters for final recovery. 

Rubber latex as taken from the trees consists of about 30 to 40 per cent 
by weight of rubber particles dispersed in a milk-like sap. . The rubber part 
cles have a lower specific gravity than the serum, and although they will 
coagulate on standing and can be made to coagulate very readily by acidifica- 
tion, their concentration is far less readily effected than is the case with cream 
from cow's milk, in spite of the similarity of dimension of the dispersed parti- 
cles (about Зи), and their closely similar specific-gravity differentials. 

The upper limit of concentration of about 73 per cent at which the concen- 
trate of rubber latex practically ceases to flow is appreciably lower than that 
for cream, which is about 80 per cent. 

. Concentration to about 60 per cent is desirable for the two reasons of saving 
in shipping weight and the better quality of product when made from centrif- 
Ugally concentrated latex. 

Th spite of the presumable ease of ‘concentration, practical results from 
Centrifugal concentration have only recently been obtained. ‘This has been 
done by specially designing liquid-liquid concentrator bowls with quite 
high separating coefficients through the use of extra high speeds and with 
Appropriate internal-passage constructions. 

Latex concentrators are expected to produce a concentrate with at least 
60 per cent dry rubber-content solids, equivalent to 61 to 62 per cent total 
Solids, and not over 12 to 14 per cent solids in the serum. 

Tt is worth noting that centrifugal concentration also removes considerable 
Proportions of water-soluble proteins. ‘This may be accentuated by remixing 
with water a centrifuging, one or more times. Rubber prepared by 
centrifuging has improved mechanical and electrical properties; recentrifuging 
further improves the electrical properties markedly. 

Chemical plants make use of basket centrifuges for the recovery of pre- 
Cipitates or erystala from mother or wash liquors in a great many processes 
Such as caustic slimes after evaporation, ammonium sulfate, dinitrobenzol, 
Anthraquinone, nitrotoluene, ete. Wherever a relatively liquid-free cake 
is desirable, or a spray wash is needed, the basket centrifuge offers advantages 
Over the filter press or rotary filter, often resulting in half the liquid-residue 
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percentage otherwise attainable. It is important to keep in mind that the 
smaller diameter baskets permit higher centrifugal separating effects, which 
may offset their smaller load-holding space and consequently greater labor 
and operating cost per unit of cake. 

‘A typical operating schedule employing a 40-in. diameter perforated basket, 
holding about 7 cu. ft. or 500 to 600 Ib. and taking 10 h.p., would be ns follows? 


full speed, 900 r.pan 
Running at full speed. 
Slowing down (with brakes)... 
Unloading (bottom dumping). 


"The number of loads run through must allow for some “‘lost time," division 
of attendance with other duties, ete., so that from three to five loads may be 
run per hour. 

Machine-shop chip-handling and cutting-oil reclamation requires 
the use of both a basket centrifuge for the removal of the cutting oil from the 
chips and one or two liquid-liquid, continuous-separating bowls with ample 
sediment-holding capacity for purification of the ой. 

The chips may need to be broken into small pieces first, to facilitate han- 
dling and to reduce their volume, for which one of the several types of swing- 
hammer or ring-roll crushers is suitable. Та this way, wiry, spiral chips may 
be broken so as to get 50 to 60 Ib. per cu. ft., instead of about 10. 

‘When loaded into a typical 40-in. basket centrifuge taking 350 1b. per load, 
run by а 10-h.p. motor, the centrifuging schedule may be as follows: 


Loading 5.5 min. 
Accelerating. ..... 15 
Running at full spees 3.5 
Slowing down (with brake) ibn 1.0 
Unloading... .... ОА Jo um 2 5.0 
16.5 min, 


With such a schedule from 214 to 334 loads may be run per hour, and with 
n spare basket this may be increased to 4 to 6 loads per hour. 

Metal chips hold from 20 to 25 per cent of their weight of oil and after cen- 
trifuging only 1 to 2 per cent, thus effecting a 90 to 96 per cent recovery of ой 
(60 gal. oil per ton of chips). 

This oil is dirty, septic, and full of fine metallic particles. In order to 
sterilize аз well as to wash out dirt and chips, water may be added, and the 
oil and water heated to boiling and then allowed to settle overnight to sopa- 
rate the water and sediment, which may be drawn off from the bottom of а 
cone-bottomed settling tank. The oil may be drawn off from the top and 
after heating may be passed through a liquid-liquid, continuous-separating 
type of centrifugal bowl provided with a large sludge-holding space to retain 
the fine solids. А plant handling 5 tons of chips per day and recovering 
300 gal. oil would have в storage and heating tank for the dirty oil with 8 
yolume of about 450 gal. for the oil and water and a small accessory tank 
with heating coils and thermostatic control to maintain a uniform temperature 
‘of 70°C. (158°F.) on the oil as it passes into a centrifugal separator, requiring 
2 h.p. for drive, which will separate the water and sedimen: a through-put 
rate of 3 to 4 gal. per min., leaving not more than 0.05 per cent water and 0.5 
per cent sediment in the purified and sterilized oil. 

Machine-shop grinding requires the use of a coolant and lubricant on 
the grinding wheel and the piece being ground, It is not possible to obtain 
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the best finish without а very clean coolant. The coolants used may be 
Special oils, or special oils or soap compounds dispersed in water. Centrifugal 
clarifiers have recently been applied to these coolants, resulting in much 
Smoother surfaces, in absence of scratch lines that are difficult to remove in 
later polishing operations, and in material reductions in grinder-wheel wear. 

Activated sewage sludge may be concentrated by valve-bowl clarifiers 
Which discharge a concentrated sludge containing 6 to 10 per cent of solids by 
dry weight and a clarified water containing not more than 0.05 to 0.10 per cent, 
Suitable for return to the secondary tanks. The concentrated sludge is passed 
into the digester tank, ‘The increased concentration would allow the use of 
Smaller and loss expensive digesters and seems also to yield a greater amount 
9f gas, 

Miscellaneous applications include а large number of varied kinds of 
Cases, requiring one or another of the types of separations already described, 
of which a fow may be listed as examples, such as the recovery of seed oysters 
in oyster hatcheries, the recovery of blood serum free from red corpuscles in 
slaughterhouses, the clarification of viscose in the rayon industry, the clari- 
fication of medicinal preparations, the purification of essential oils, the 
recovery of caffeine from coffee extract, the recovery of oil and the purification 
of wash water in washing oily rags for reuse in machine shops, the recovery 
and separation of oil from steam-engine condensate, the clarification of fruit 
juices, ete, Wherever а liquid-liquid separation or a liquid-solid clarification, 
Ог some combination of these, needs to be carried out to а high degree of 
Perfection, centrifuging should be given consideration: 


SEPARATION OF DUSTS AND MISTS 


BY EVALD ANDERSON 


> CLASSIFICATION OF SUSPENDED MATTER OR САЗ 
DISPERSOIDS 


Solid and liquid suspended matter in gases, herein designated gas dis- 
persoids, or simply dispersoids, may be divided into two main classes 
according to their formation: mechanical gas dispersoids and condensed 
gas dispersoids. Mechanical dispersoids are formed by dispersing larger 
masses into finer particles, as by grinding solids and spraying liquids, nnd 
these will herein be called dusts and sprays, respectively. Condensed 
dispersoids are formed by condensation from the vapor phase of the substance 
and these will herein be called fumes when solid and mists when liquid. 

One of the most important characteristics of such dispersoids affecting 
their separation from the gas is their size, and herein lies an important differ- 
ence between the two classes. Although no rigid dimensions can be given, 
it can be assumed that much the larger portion, by weight, of mechanical 
dispersoids will consist of particles whose average diameters will be between 
5 and 50 microns (1 micron = 1/1000 mm. or about 1/25,000 in.), while with 
condensed dispersoids, the corresponding diameters may be from 0.3 to 3 
microns. 

The corresponding ratio of the masses and volumes of the average parti- 
cles in the two classes is, therefore 5000:1 which emphasizes the reason for 
the well-known differences in behavior of the two classes of dispersoids in 
separating them from the dispersion medium. 

Of considerable practical interest are certain dispersoids, intermediate 
between the above two classes, which result from spray drying of liquids 
containing solids in solution, or from the combustion of dispersed organic 
material containing non-combustibles, such as powdered coal. Here the 
final dispersoid is the solid residue of the spray droplet or the ash residue of 
the coal particle, and these originally mechanical dispersoids therefore may 
approach in size those of the condensed class, 

Condensed dispersoids although originally very minute nearly always 
agglomerate into larger particles and may often grow to equal, or to exceed, the 
size of the other type. Raindrops and snowflakes are familiar although 
perhaps extreme examples. 


Table 1. Measurements of Diameters of Various Dispersoids 


] 
Mechanical dispersoids Diameter, | Condensed dispersoids Diameter, p 
| 


Cement dust. 40ш |Ршкшв........................| 14% 
Sprayed sine dust 15и Alkali fume. ~... IE 
Flourmill dust Ри _ | Tobacoo smoke (tar mist). 0.25 
Tale dust, | № nsed zinc dust. 2u 
Coal dust L| 0 [NEC fumo... 0.1 
Eilica dust | Su – | ZaO fume, 9:051. 
Powdered coal ash... ...... Аи 5-101. 
Bpray-dried milk E E 


Mechanical dispersoids carried by gases containing condensable constitu- 
ents also aet as centers of condensation, so that appreciable portions of the 
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condensed constituent may be attached to the mechanically dispersed parti- 
cles, An example of this is cement-kiln dust where the alkali salt condenses 
Jn minute particles on the surface of the irregular dust fragments. 
, Separation Methods. Тһе common separation methods in commercial 
Use may be conveniently divided into the following classes: = 

1. Gravitational—as ordinary settling chambers. 

3. Inertial—as baffle chambers or centrifugal apparatus. е 

3. Filtration—as bag filters. 

4. Sprays—as scrubbing towers, 

5. Electrical—as Cottrell electrical precipitators. 


_ In all of the methods listed, collection by contact and adhesion on surfaces 
18 also involved and in certain cases this action may predominate, as in wire- 
ung settling chambers or diffusion chambers for certain fumes. 


PRINCIPLES AND APPLICATIONS 


Laws of Particle Motion. For the motion of particles immersed in 
fluids, whether gases or liquids, it is found that the ratio of the inertia forces 
to the viscous forces gives a criterion for dynamically similar fluid motions 
about the particles 


Inertia force _ Dup _ 
Viscous force 


с = Reynolds number о) 


where, in any consistent units, 
D = diameter of sphere (corresponding dimensions of geometrically 
similar particles). 
u = relative velocity between particle and fluid. 
= fluid density. 
т = fluid viscosit; 
When the resistance to the motion of a particle in a fluid, as determined 
experimentally, is expressed as a dimensionless drag coefficient С and is 
plotted against the Reynolds number Re, a plot consisting of a single curve 
is obtained covering an exceedingly wide range of conditions. In Fig. 1 
ate given such a plot and tabulation of data for spherical particles, Similar 
curves for other shaped particles are given by Rouse ("Fluid Mechanics for 
Hydraulic Engineers," Chap. XI, McGraw-Hill, New York, 1938) and by 
Prandtl and Tietjens ("Applied Hydro- and Aeromechanics," Chap. V, 
trans, by Den Hartog, McGraw-Hill, New York, 1934). 
The drag coefficient C is defined by 
у. 228 2) 
Сид Su 


wher 


in consistent units, 

F = frictional force on particle. 

A = projected area of particle normal to direction of motion. | 

Over the range of Reynolds numbers generally encountered in unit орега- 
tions, the flow around suspended particles may be divided into three regions: 
Streamline (when viscous forces predominate), intermediate, and turbulent 
(when inertia forces predominate). The region above a Reynolds number of 
200,000 is important only in ballistics and aircraft design. For spherical 
Particles, the curve of Fig. 1 may be approximated by the three straight lines 
Shown. (Shepherd, private communication, 1933.) For a Reynolds number 
less than 0,0001, the magnitude of the particle diameter approaches that of 
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the mean free path of the fluid medium, and a correction factor must be 
applied. 

For gravity settling, a particle reaches a constant settling speed when 
the net gravitational force F, on the particle equals the frictional resistance F. 
‘The net gravitational force is obtained by correcting the weight of the particle 
to account for the buoyancy of the displaced fluid. Tf p, is the actual particle 
density, then (p. — р) includes the buoyancy correction. For gravity settling 
of particles in gases, the buoyancy correction is small compared to the experi- 


100000 ЕРЕ 
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SYMBOLS 
е = Reynolds number 
= Drag coefficient 
= Resistance to motion Dynes 
= Projected area of sphere normal 
o direction of motion -Sq.Cm. 
= Terminal velocity of sphere 
gelate fo fluid em sec 
= Diameter of sphere -cm. 
2 Bensity of sphere g/cc 
= Density of fluid а/с 
= Viscosity of fluid- polses 
= Acceleration due to gravity 
ЭВ! cm/(sec)(sec.) 
(or in опу system of consistent units) 


Law [C=0.44] 


10990 


Drag Coefficient 


іш. 
z= 


100000 
1009000 


Reynolds Number= 


Fro. 1.—Resiatance of spheres in fluids, | See tabulated values on p, 1858. 


mental error and can ordinarily be ignored, so that p, ean be substituted for 
(pe — p) in the following equations: 

For spherical particles 

Fy = птар, — p)/6 (a) 

where, in consistent units, 

0 = acceleration due to gravity 

p» = particle density (actual, not bulk density) 
Hence, at constant settling velocity, F = Ке, and 


2p 
pu*A Spu*A. 


(4) 


or, substituting xD*/4 Гог A and rearranging, 


4gD(p, — p) 
ЗрС 
From Eq. (5) the various laws of settling corresponding to the regions of 
Fig. 1 can be derived by substituting the respective function of Re for C. 
In Fig. 2 these laws, together with their limitations, are presented in tabular 
form to indicate their relationship to particle size, free-sottling velocities, 
methods of measurement, and methods of collection. 


(5) 
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Values of Drag Coefficient C for Spherical Particles" 


Re | с све све 
| | 
o1 | 20 | мо. | 24 
02 | 12 260 48 
93 | 80 24:0 72 
05 | 4.5 | n 23 
97 | 36:5 25.6 179 
10 | 265 265 %5 
2 14.4 28.8 57:6 
3 10:4 31.2 $51 
3 $9 34.5 173: 
7 54 37.8 265 
10 D 41:0 10 
m 2.5 59 | 1.02 x № 
30 2:00 60.0 180 
50 | 1:50 75.0 375 
20 127 89.0 6.23 
100 1:07 107 10.7 
200 0777 | 154 3.8 
300 0:65 ] 15 58.5 
500 0.55 275 138 
700 0:50 350 245 
1,000 0:46 460 460 
2000 0.42 940 1,68 x 108 
3,000 0:40 1,200 3.60 
5000 0:385 1920 9:60 
7000 0.390 2730 191 
10000 0:405 4050 40.5 
20000 0:45 9000 180 
30000 0.47 14200 426 
50,000 0.49 24,500 1.23 x 108 
10,000 0:50 35,000 145 
100000 0:48 48,000 48 
200000 0.42 | 84,000 16.8 
300,000 9.20 | 60,000 18:0 
00,000 0.084 33,600 13.4 
600.000 0:10 60.000 36.0 
1,900,000 | 013 130,000 130 
3,000,000 0.20 60000 | 18x 109 
qux ee aro ayer з based on the combined data of Allen, Arnold, Bacon and Reid, Dorr aud 
bert, Flachsbart, Jacobs, Knodel, Kray, Liebster, Lunnon, MeKeshan, Millikan, Schmidt, Sohmiodel, 


jakespear, Silvey, Wieselberger. For values of Re less than 0.1: C = 247 Ке; C Re = 24; C RO = 24 Re, 


qu In, connection with the separation of suspended particles from gases, by 
far the most important laws of settling correspond to the region of Fig. 1 
Where viscous forces predominate. Here, for values of Re up to about 2, 


24 _ 241 
== I 6 
Re 7 Dup $ 
Substituting this experimental value of С in Eq. (5) gives 
gD*(p, — p) 7 
г. e 


Equation (7), theoretically derived, is known as Stokes’ law. 
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Gravity settling of spheres in still fluid. 


В ‚ fa g | mto Settling de Critical Particle Diae 
Fa giz |8 |25 шу Self consistent systemi (Any consistent system 
4 22) B58 | вив ес of units may be employed, (of Units may be employ 
E wee | Gee ME eg.s units given by way cg.s units given by way. 
5 559 |2 2 (85 of example: of example) 
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Е 
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000) 


Па 
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intime tem 
gas cor 


Fro, 2. 


called the intermediate law. 
Here 


Characteristics of gas 


18.5 


prx) 


For values of Re between 2 and 500 approximate values of u can be cal- 
culated by using the straight-line approximation of Fig. 1, which bas been 


(8) 
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Substituting in Eq. (5) gives 


(9) 


FETE 


When it is desired to calculate the free-falling velocity of a given sized 
Particle directly from the experimental curve of Fig. 1, trial-and-error methods 
ust be used. To obtain a direct solution, a separate plot of CRe? versus 
Re can be drawn by selecting points from Fig. 1 and computing CR 
For spherical particles 


AgD*p(p, — p) 
3л? 
and сап be computed directly, as it is independent of u. The corresponding 
Value of Re can then be determined from this separate plot, and the velocity ч 
determined from the relation Re = Dup/7. 
„Further references and а more detailed discussion of particle motion are 
E 8 а paper by Lapple and Shepherd Џпа. Eng. Chem., 32, 605-617 

The Gravitational Method. Thismethod, asexemplified by the ordinary 
Settling chamber, is applicable only to mechanical dispersoids because ita 
effectiveness depends on the rate of fall of the particles, and this rate, being 
dependent on the size and weight of the particles, becomes so slow for the 
condensed dispersoid that the method here becomes impracticable, In 
Table 2 are listed the rates of fall of various sized spherical particles of density 
2ш. per се. in still air at room temperature. They were computed by means 
of the curve of Fig. 1 and Eq. (5). 

Data on actual dust-fall rates in industrial applications with moving 
gases and irregularly sized particles are extremely meager. The indications 
Are, however, that the rates are generally close to the theoretical but may, 
ät times, be as much as 50 to 60 per cent lower, owing to the presence of eddy 
currents and the irregularity of particle shape. From Table 2 it is evident 
that particles of less than 200-mesh size will fall too slowly to settle in the 
Ordinary dust chamber. It will also be observed from the corresponding 
Reynolds numbers that, contrary to prevalent usage, Stokes’ law does not 
apply for the particle size range generally encountered in dust-sottling 
chambers, except for the smallest sizes. The intermediate law (Fig. 2), 

owever, will usually be applicable for the larger sizes. 

Settling chambers should be designed to give sufficient time of settling 
for the smallest, віле of particles it is desired to remove and should obviously 
be made wide and low rather than high and narrow. Chains or wire curtains 
to minimize eddies are desirable and may tend to collect the finer dust through 
Contact. 

The actual settling rate of the smallest particle to be collected should 
Preferably be determined experimentally. When this is impractical, but 
Where this particle size is known, the theoretical settling rate can be calculated 
from the following approximate numerical expression for Stokes’ law (for 
Particle sizes under 200 mesh); 


Све“ 


(10) 


a) 


Where D is the average diameter of the particle in microns and p, is ita specific 
gravity. 


1856 


Table 2. Theoretical Rate of Fall of Spherical Particles in Still Air 
pe = 2.0 g. perce. p = 1.2 X 107g. per сс. L8 X 10-* poises 
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Dismeter of particle 


— — | Rate of fall, ft. per sec.| Reynolds number, Re 


Microns | Equivalent Tyler mesh 

от 0.000004" 8.13 105 

10 0.00021" 43x 10 
10 0:020 495 10 
4 E: 0.38 34х10 
74 200 093 1.4 
104 | 150 16 35 
147 | 100 | 27 80 
208 65 | 4.1 | 171 
25 8 60 36.0 
417 35 87 | 240 
833 ЕЈ 71 290.0 


* Stokes-Cunningham correction factor 


Thus, if the smallest particle to be settled out is 504 and its specific gravity 
is 4, the theoretical rate їз 
(50)*4 


u = or = 1%. per sec. 


Assuming 50 per cent of this figure as the actual rate, the settling rate for 
such a particle is, therefore, about 0.5 ft. per sec. 

For ordinary industrial mill or kiln dust carried by gases of average velocity, 
where the particle size is unknown and where it is impractical to determi 
the settling rate by experiment, the order of magnitude of the settling rate 
of the smallest particles to be collected can be estimated from the following 
empirical formul: 


зах 
win ft. рег вес, = ELO 5228 ag 


where р» 18 the specific gravity of the particle and X is the fraction of the 
total dust to be settled out, provided X is less than 0.8. This equation із 
based on two series of tests (Trans. Am. Inst. Chem. Engrs., 16, 77 (1924)] with 
metallurgical and cement dust of size largely under 200 mesh. Comparison 
of actual settling rates of the slowest particles settled out and such rates 
calculated from the above expressions are shown below: 


Table 3. Comparison of Actual and Calculated Settling Rates 


] T 
Dimensions of dust | | 


Е Jowai Specie | Settling rate, ft. per see 
hamber, ft. | „лошу, | Collection, | gravity | 
о “eee” | per cent Cin MTM 


жж. particles 


"RIP EX 


8 | 0.95 0.84 
0,55 0,52 
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Tf u is the actual settling rate in feet per second of the smallest particle 
1o be collected, Q the gas flow in cubic feet per second, А. the cross-sectional 
area in square feet, and L and Н the length and height in feet, respectively, 
Df а proposed settling chamber, then obviously the dimensions of the chamber 
must be made such that 


LA = HQ аз) 


Apparatus. Except perhaps for the so-called Howard dust chamber 
(Fig. 3), which depends for its effectiveness on making Н in Eq. (13) very small, 
by the use of a multiplicity of superimposed shelves, and on the large surface 
for collection by contact, there is at the present time practically no apparatus 
on the market for dust collection by the gravitational method. It, therefore, 
Ordinarily devolves on the engineer in charge of the plant to design and 
Construct the necessary equipment. 3 ~ 
The Centrifugal or Inertial Method. Although with certain speci 

прратафца some condensed dispersoids may be collected by means of the 
inertial method it, like the 
Eravitational method, is 
chiefly applicable to mechan- 
ical dispersoids like dusts and 
fPrays; but due to the much 
Arger separation forces availa- 
Ме, smaller: particles may be 
collected, As gravity is the 
Separating force in the settling 
chamber, so the centrifugal 
force causes the separation of 
the dispersoids from the gas in 
Centrifugal or inertial аррага- 
tus. This force, being directly 
Proportional to the «quare of 
the gus velocity and inversely 
Proportional to the radius of 
curvature of the gas stream, 
сап therefore be made very large by making the gus velocity large and the 
Tadius of curvature of the gas stream small. Table 4 shows the relation of 
this separating force und the radius of curvature for a constant gas velocity 
9f 60 ft, per see., in terms of gravity (ie., the force of gravity taken ав 1). 


ZA 


Fu. 


Howard dust chamber, 


Table 4. ‘The Centrifugal Separating Force in a Circular Gas Stream 
with a 60-ft. per Sec. Tangential Velocity for Different Radii 
(Expressed in terms of gravity, ie, gravity = 1) 

us of Curvature : 
of Gas Path Separating Force 
Gravity 1 
11 times gravity 

22 times gravity 

grayity 
gravity 
gravity 
gravity 
gravity 
896 times gravit 


Although the laws of particle motion discussed herein are not strictly 
Applicable to moving gases, particularly where the motion is highly turbulent, 
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it may, nevertheless, be assured that here also the resistance to the motion 
of the particles is such that the rate of motion is proportional to the nef 
separating force and that the resisting or frictional force depends on the 
same factors as in still gases. Bearing in mind the uncertainty of these 
assumptions, one may then calculate the separating velocity и in inertial 
or cyclonic apparatus in the same manner as the settling velocity in gravita- 
tional apparatus. 

То calculate the separating velocity of a spherical particle in а centrifugal 
field, it is only necessary to replace the term g, the acceleration of gravity: 
by the radial acceleration of the particle w*r or V*/r, where w is the angular 
yelocity and V the tangential velocity of the particle and r is the radius of 
curvature of the path. Thus, the general Eq. (5) becomes, for a consistent 
system of units, 


4w*rD(p, — p) 
1 2) 4 
и С (14) 
And, for the particle size range where Stokes’ law applies, Eq. (7) becomes 
лер, — p) 
nm uen as) 


In a baffle chamber the gas path may be simple and approximately 
parallel. In cyclonic apparatus the gas path involves an outer downward 
vortex and an inner upward vortex, and, depending somewhat on design, 
the diffusion of the gas from the outer vortex to the inner vortex takes place 
over an extended area; hence the rate of diffusion, or radially inward com- 
ponent of velocity, is small compared to the tangential velocity of the gas. 
If и is larger than this inward component of velocity, the particle will never 
reach the inner vortex and will be collected. In cyclonic apparatus the 
tangential velocity V increases as the radius of curvature of the gas path 


indicate that n may 


1 
decreases во that V ~- Recently published test 


approximate 1$ so that V varies inversely as the square root of r [Shepherd 
and Lapple, Ind. Eng. Chem., 31, 972-984 (1939)]. Other experimental 
evidence and theoretical considerations suggest the value of n may upproach 1 
[see Lissman, Chem. d Met. Eng., 37, 630-634 (1930)]. For purposes of 
illustration assume that the separating action takes place in the outer vortex; 
and consider a tangential velocity V such that Vt/r (where r is the radius of 
the cyclonic apparatus) corresponds to the average acceleration present 
in the outer vortex. At the same time in the apparatus the average gas 
path will cover an angular distance 0, depending upon the particular design. 


The time available for separation will then be r#/V, giving a separation 
distance в, 
_ тш ав) 


у 


By substituting for u from Eq. (14), and noting that У = шт, Eq. (16) 
becomes 


For the minimum particle sizes of interest in cyclonic collection where 
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Stokes’ law applies, Eq. (15) is used, giving 
8VD*(p, — p) 


187 ав), 


a uation (18) may be used to calculate the tangential gas velocitiea 
widdshry to move particles across the gas stream in apparatus with varying 
плућа a, of the gas path, where з may correspond to the radial extent of the 
ter vortex in cyclonic apparatus, Table 5 shows such values computed for 
Tpherical particles of specific gravity 2.0 separated from air at atmospheric 
temperature and pressure. Values of V are given for 9 equal to 4r radians, 
Corresponding to the approximate conditions in certain cyclones. 


Table 5. Relation of Tangential Gas Velocities, Particle Size, and 


Separating Distance in Cyclones 
9 = 4e radians 


Particle diameter D, microns 


Separating distance o, ft, i 2 | E) 
| 
| ‘Tangential gus velocity V, ft. per же. 
°з 6,0 РЯ є 6 26 
10 12800 512 128 32 51 
20 25,600 1024 256 64 10.2 
4.0 31,200 2048 512 | 128 20.5 


Table 5, being based on Eq. (18), assumes the applicability of Stokes’ 
law which does not usually apply to particles much over 20 p. The values 
listed ate primarily intended to show order of magnitude. For conditons 
Where Stokes’ law does not apply, the required tangential gas velocities to 
Separate a given sized particle will be somewhat higher than listed and will 
depend to a small extent on the radius of curvature. 

Other investigators have concluded that the applicability of Stokes’ law 
in a centrifugal field depends, not only on the particle diameter, but also 
On the tangential velocity and that Stokes’ law in this case is valid only for 
values of VD smaller than about 1000 to 2500. 

Minimum Size Particles Collectable, Cyclones approximate classifiers 
tather than collectors, and а significant factor in cyclone operation is the 
minimum size particle collectable. 

Rosin, Rammler, and Intelmann [Z. V. deu. Ing., 76, 443-447 (1932)] 

ave derived the following equation in a consistent system of units to deter- 
mine the diameter, Dus. of the minimum size particle to be practically 
completely separated from the gas stream in a given apparatus: 

nb 
Duin. A. qe (19) 
where N = number of revolutions made by the gas stream їп the apparatus, 
Ъ = width of gas stream. 
b 


Equation (19) is derived from Eq. (18) by letting 0 = 2т and s 
and assumes a constant spiral or tangential veloci: 
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Other investigators have derived similar expressions for Ра: Thus. 
Lapple and Shepherd replace b with e/2 where е is diameter of exit duct 
(тла. Eng. Chem., 32, 605-617 (1940)], and Lissman replaces b with r/2 where 
т is radius of cyclone (private communication). 

Experiments by Shepherd and Lapple indicate that N may range from 0.5 
to 3 and may average 1.5 for cyclones of normal proportions. It is also 
possible to determine N by experiment. 

In Table 6 results from recent tests with three sizes of cyclones—6 inn 
9 in, and 24 in.—with similar proportions are given. Here the minimum 
size particle, Раја, nearly completely collected (98 to 99 per cent), was 5% 
10и, and 20, for the 6-in., 9-in., and 24-in. cyclones, respectively, 

Substituting the numerical values involved in Eq. 19 (N assumed to be 
1.5, V taken na ratio of gas-volume rate to inlet area was 1340 cm. per seca 
b was 2.5 cm, and у 1.8 X 104 poises) gave Duis. 4.64, би, and 10p for the 
6-їп., 9-in., and 24-in. cyclones, respectively. 

More comprehensive data are, however, needed before a general equation 
applicable to all conditions can be developed, 

A certain proportion of particles smaller than Dmin, are always separated, 
partly because their initial positions are closer to the periphery and partly 
owing to agglomeration, but, until the effect of dust concentration and agglom- 
eration is better understood, no satisfactory theory can be developed. In 
the absence of agglomeration Lapple and Shepherd [/nd. Eng. Chem., 38, 
605-617 (1940)] have shown from theoretical consideration that a fractional 
separation X should be obtained on particles of size D x smaller than Dmin, when 


Dx = Рао у X(2 — X) (20) 
The following tabulation of data from tests with small-diameter cyclones, of 
the type shown in Fig. 8 indicate the degree of collection of fine particles. 


Table 6. Collection Efficiency of Cyclones 
Approximate particle-size distribution of suspended dust (density = 8 g: per oc.) 
0-5 510 — 10-20, 


10% 219 
Pressure drop—4 in. water Inlet dust concentration—2 to 5 gr. por cu. № 
Diameter of cyclone, in. | Per cent eol 
6 Total 90. 66. | u 98 
9 Total 83 100 60. +10299 
4 | Total 70. 20 47 | +204 98 
| 


It should be pointed out that all quantitative and theoretical considerations 
given above assume that the dust involved is completely dispersed and present 
їп small concentration (less than 5 gr. per eu. ft.) so that particles will have во 
effect on one another. In practice, dusts are apt to show agglomerating 
tendencies which result in a larger apparent particle size than actual particle 
size. High dust concentrations will result in large particles carrying out small 
particles by mechanical means, Both these factors will result in higher 
efficiencies than predicted from an actual particle-size analysis, While 
‘Table 5 indicates that 1и particles annot be separated by a cyclone under 
conditions ordinarily employed, in certain cases efficiencies as high as 98 
per cent have been realized on dusts having an actual particle size of from 0.1 
to 2.04 owing to the predominant effect of agglomeration. 
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ın ure Drop and Gas-volume Capacity of Cyclones. Lisman 
3.4 Miller (Paper read at 1940 annual meeting, A.S.M.E,, New York, Dec. 
ES 1940), investigating cyclones of varying diameters and proportions with 
i involute entrance, arrived at the following empirical expression for the 
ecific gas flow rate Q/a*, for air at atmospheric pressure, 


© x(4)(2) vane en 


Where @ = air flow rate, cu. ft. per min. 
а = diameter of cyclone, in. 
A = urea of cyclone inlet, sq. in. 
e = diameter of судове outlet, їп. 
АН = pressure drop, in. water. 
T = temperature of air, °F. abs. 

When the ratio A/a? ranges from ! to 1$, and the ratio of e/a ranges from 
74 to 34, then K is nearly constant and has an average value of 0.67. The 
iunge of cyclone diameter, a, over which this formula has been found accurate, 
is from 4 {о 24 in, The length of these cyclones approximated 2 to 4 times а. 

The given ranges of A/a? and e/a cover the normal proportions used in 
practice. For values of A/a? below 36 and normal values of a/a the value 
Of K increases. For values of e/a below 34 and normal values of A/a? the 
value of K decreases, 

For gases at pressures other than atmospheric and densities different 
from air the following correction factor must be applied to formula (21) 


qu 


ai 


(21a) 


where Q' = gas flow rate, cu. ft. per min. 
P = pressure of gas, atm. 
рь = specific gravity of gas with respect to air. 
Shepherd and Lupple [/nd. Eng. Chem., 38, 1246-1248 (1940)], investigating 
eyclones of the type shown in Fig. 6 (tangential rectangular inlet), arrived 


Зі the following empirical expression for cyclone friction loss: 
h 
Fa = 16.0% (22) 
а 


Where F,, is expressed as number of inlet velocity heads, b is the inlet width, 
^ la the inlet height, and e is the exit duct diameter in consistent units, Tho 
testis covered the following range in proportions: (b/a) from а to M (h/a) 
from М to Jé; (e/a) from 14 to 1$ (a is the cyclone diameter). 

‘They hold that. the cyclone friction loss and not the pressure drop ів the 
Measure of the static pressure and power which a fan must develop, and relate 


the friction loss to the pressure drop by the following expression: 


АН, = Feo — 1 + (Gy (22а) 
aet 


Where AH, is also expressed as number of inlet velocity heads. 5 
For converting from inlet velocity heads to inches of water, the following 
formula may be used: 


One inlet velocity head, in. of HO = 0.003pV* 
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density of gas, Ib. per cu. ft. 

cyclone inlet velocity based on the area bh, ft. per вес, 

If the inner side of the inlet duct of в cyclone with tangential entrance 18 
extended past the cyclone cylinder wall and into the annular space halfway 
to the opposite wall, the friction loss is reduced by over 50 per cent, and the 
constant 16.0 in Eq. (22) becomes 7.5 [Shepherd and Lapple, Ind. Eng. Света 
31, 972-984 (1939). Such modifications to reduce the friction loss ordinarily 
also reduce the collection efficiency. 

Further experimental study is necessary, particularly on pressure and 
velocity distribution in the cyclone and on relation between average entrance 
velocity and actual velocity near cyclone periphery, to provide satisfactory 
basis for any pressure-drop-gas-volume capacity theory. 

Pressure Drop and Collection Efficiency of Cyclones. For dust with 
а reasonable uniform particle-size distribution, the collection efficiency of а 
well-designed cyclone increases with the pressure drop. Recent experiments 
(Е. Miller, private communication), involving a pressure-drop range of 
from 1 to 8 in. of water, indicate that, at least for the smaller size cyclones 
and properly dispersed dust, the relation between the collection efficiency Ё 
(in per cent) and the pressure drop AH (in inches of water) can be expreased 
by the equation: 


Е = Cı + Cs log AH (28) 
where C; and C are numerical constante, With 9-in. diameter cyclones and 
for the dust specified in Table 6, Cı was 77 and C: was 8. The constants 


would be expected to depend to a large extent on the particle-size distribution 
of the dust. 


Equipment 

BafHe-chamber Type. In the ordinary baffle chamber, the distance 4 
which the dispersoid particles must move to get out of the gas stream ія 
seldom less than 3 ft., while the angular distance 0 is ordinarily m radians or 
180 deg. per pass. Since the dispersoids not separated ordinarily tend to 
redisperse between the different passes, it is doubtful if the successive separat- 
ing actions are very effective. Under these conditions, a velocity of over 60 
ft. per вас. would be required to separate 50р particles. The actual gas 
velocities in such baffle chambers are ordinarily made less than this, and it 
might therefore be concluded that, except for their surface-adhesion action, 
the Баев in such chambers are of little use. 

Tho obvious prerequisite of any dust-collection apparatus—that the 
separated dust ђе not again dispersed in the gas—is particularly important 
in the baffle type of apparatus for the collection of solid gas dispersoids, and 
with the increased gas velocities necessary to ensure the needed separating 
force, special precautions must be taken to ensure retention of the separated 
material. 

In baffle chambers for the collection of liquid dispersoids, redispersion i8 
naturally absent, except at very high gas velocities, and this also holds where 
solid dispersoids are collected in baffle apparatus with the baffles coated with 
a dust-rotentive liquid like oil. 

The ordinary large baffe chamber, like the settling chamber, is usually 
designed and built by the engineer in charge at the works and is therefore not 
available in the market. Better results, however, undoubtedly could often 
be obtained by a more careful analysis of the problem. 

Dry Collectors. Special baffe chambers for the collection of dry dust 
are manufactured and sold, as for example the so-called reverse-nozzle type 
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And inyerse-vortex type; but no exact data as to costs and performances 

ve been made available. Private tests on the reverse-nozzle type have 
Shown satisfactory collection (over 90 per cent) of 100и particles at draft 
losses of from 1 to 2 in. water. The collection efficiency rapidly decreases 
with the particle size and except for collection by surfaces is practically nil 
for dispersoids of 20u or less. The first cost has in some instances been 
About 25 ets. per cu. it. per min. of gas treated. 

So-called “wet baffle chambers” are also used for ordinary dust, but their 
Uction’more closely resembles that of spray towers 
‘nd will be discussed under that heading. 

Bate Chambers for Wet Collection. 
Well-known examples of this type of collectors 
йге perhaps the old so-called P-and-A tar ex- 
tractor and the Calder-Fox acid scrubber. In 
both of these, high velocities and small radii of 
Curvature are employed to the end that very fine 
Spray particles and even some types of mists are 
collectable. Thus, in the Calder-Fox apparatus 
(Fig. 4), a is usually on the order of 140 in., 0 
about Ign, and У 100 ft. per sec. ог more, with a 
Pressure drop of from З to 10 їп, so that accord- 
ing to Eq, (18) 2 to 4и particles should be collect- Fra. 4.—Calder-Fox scrubber. 
ablo, The practical results are even better, since (Chance & Hunt, Ltd.) 
Certain types of sulfuric acid mists are easily separated from the gas. Бо long 
аа the collected material flows freely, no difficulties of operation are usually 
encountered, 

Perhaps the most common apparatus of this type is the zigzag baffle 
Shamber used for the separation of spray particles in the ordinary air-condi- 
tioning appara- 
tus as shown in 
: ig. 5. This, 
however, is not 
"uitable for 
Condensed dis- 
bersoids, 

"The ordinary 
Spray chamber 
With baffles real- 
ly is a wet baffe 
chamber, rather 
than a spray 
cha е P. St 
will 2 ык чм system. (B. Е. Sturtevant Со.) 

iscussed under the latter. 
Centrifugal or Cyclonic Apparatus—Cyclones. The most common 
example of this type is the ordinary cyclone (Fig. 0). Тын із very satisfactory 
Or coarse dust though it is evident from Table 5 that with the ordinary 
Sige having a separating distance а of about 3 ft., even if û, the length of travel 
Of the gas in the apparatus, is 4r radians ог two complete revolutions, а 204 
Particle would require a minimum velocity of 96 ft. per вес, 

Tests have shown that the pressure drop in cyclones ranges from two to 
Ye times the entrance-velocity head, so that with high velocities the power 
Téquirements often become prohibitive (see p. 1861). 


mi 


ой 


ү 
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‘The first cost will depend on local conditions but should 
per eu. ft. per min. and may be as low as 5 cts. per ou. ft. 

Contrary to prevalent opinion, the efficiency of a су 
whether under pressure or suction provided in-leaks of ai 
outside be prevented. The induction dust collector 
type of cyclone is shown in Fig, 7. 

Multiple Cyclones, Another type of centrifugal 
collector is the Multiclone (Fig. 8) where small 
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not exceed 30 cts- 
per min. 

clone is the same 
ir or gas from the 


cyclonic units are arranged in parallel with common gas 
inlets and gas and dust outlets. In this apparatus the 


R 


separating distance а is only 1 or 2 їп. and the angular == 


distance Ø at least 4r radians, so that very fine dis- 
persoids can be removed at reasonable velocities. 
Satisfactory collection of dispersoids as small as 5u is 
claimed, The first cost is from 5 to 25 cts. per cu. ft. 
per min. of gas at pressure drops of from 2 to 5 in. water. 
Centrifugal Dry-gas Cleaners. So-called “cinder 
fans" and the like, where the circular motion of the gas 
is produced by impellers in the apparatus itself, are 
available, but no exact data as to performance have 
been made public. It is unlikely, however, that their 
efficiency exceeds that of the standard large cyclone. 
The Filtration Method. It is ordinarily con- 
sidered that the filtration method depends only on what 
might be called the sieving action, the filter being a 


Re 


6,—Standard long- 
cone cyclone, 


sieve of a certain size, through which the particles like gas molecules 


and certain dispersoids smaller than the meshes of the 81 


ter pass and upon 


which the larger particles are retained. Collection by contact, and adhesion 


undoubtedly, however, also plays a role here. 
Moreover, the filtering medium itself natu- 
rally quickly becomes coated with the collected. 
material, and thus the effective size of the 
interstices becomes more dependent on the 
nature of the dispersoid than on the filter 
medium. Consequently little can be said 
about the principles of this method. 

Ordinary practical considerations obviously 
indicate the choice of a filtering medium which 
is sufficiently unaffected by the gas and the 
dispersoid as to have a reasonable life. It 
must also obyiously be so chosen that the 
dispersoid is retained and at the same time 
does not produce too great a draft loss. 

The collected material must ordinarily be 
dislodged from the medium by mechanical 
means, and the frequency of such mechanical 
cleaning of the medium also determines the 
nature of the medium itself, since the draft 
loss increases with the amount of material Fio. 7.—Ind 
collected on the medium so that the greater (Federal Pn 
this cleaning frequency, the “tighter” can the medium its 

By far the most common filtering medium is cloth. Tl 


jon-type oyeloné- 
umatic Systems, Inc.) 
elf be. 

his can, of courses 


be used only for relatively cold, non-corrosive gases, although a good quality 


wool cloth may stand as much as 150°C. and small amounts of acid. 
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For other gases, asbestos and glass-cloth, steel wool, ete., and for analytical 
Purposes so-called fritted glass, ete., are also used, although these materials 
“re of course more expensive than ordinary 
cloth, 

The bag house, shown in Fig. 9, is 
the best known of this type of apparatus and 
ally consists of bags or tubes from 6 to 
30 in. in diameter and from 6 to 30 ft. long. 

hose are usually suspended from their closed, 
рррег ends and have their lower open ends 
fastened and connected to aigas inlet header 

nt may also be connected to headers at both 
ids. In either case, the lower header also 
Serves as the dust hopper. The collected 
material is dislodged from the bags periodi~ 
fally, usually not oftener than once an hour, 
у means of hand- or mechanically operated 
shaking devices. Owing to the nature of the 
floth, the draft resistance must usually not 

Permitted to much exceed 1 in. water, and, 
Hader these conditions, the gas-volume capac- 
Пу is ordinarily from 14 to 1 cu. ft. per min. 
DOr Sq. ft. of bag area, depending on the dust 
concentration, 

ith proper filtering mediums, the effi- 
Wency of this method ја very high, except 
momelimes immediately after the filtering 
medium has been shaken and cleaned. 

the cost of such bag houses on large scale 
may be from 50 cts, to $1,00 per cu. ft. per 
Кп, of gas treated. The cost of the bags 
themselves may run from 2 to 3 ots, per sq. 
t» and these must be replaced at intervals varying from 30 days to several 
Yours, depending on the nature of the serv 

Although such ordinary bag filters in the smaller sizes are on the market, 
018 type of apparatus, like settling 


Chambers, is perhaps most often con- 
AA 


Fro. 8— Ми оке, (Western 
Precipitation Corp.) 


structed by the works engineer. 
Mechanical Filters, Since, as 
Above stated, the rate of gas flow, or 
the draft loss, of а filter depends 
Щу on the amount of collected 
1naterial which is permitted to aecumu- 
‘ite on the filter medium and therefore 
depends on the frequency of cleaning, 
Many types of what may be called 
techanical “filters” are available, In 
“ese, the cleaning or shaking operation 
Proceods at regular, rather short inter- Я т 
kals, by means of automatic mechanisms. | The filter units of this type may 
be either tubular ог flat screen type (see Fig. 10, the Sly dust flier). They 
fa wdinarily built in reasonably small units, to handle for example 1000 cu, 
| Der min. and may be so arranged in parallel that one unit after another 


ч Е: 
Fis. 9.—Typival bag-house filtering system. 
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can be taken out of service through closing off the gas stream and the filters 
shaken (see Fig. 11, the Dracco Perfecto Filter). his cleaning or shaking 
operation is ordinarily automatic and usually comprises closing the damper 
shaking the filter units, either pneumatically or mechanically, sometime? 
accompanied by a reverse flow of cleaned gas through the filters, and, lastly 
reopening the dampers. The fre- 

quency of the operation depends 
naturally on the nature of the 
service but may be from four 
to fifteen times an hour. 

With this type of apparatus, gas 
flows of from 2 to 6 cu. ft. per min, 
per sq. ft. filter area may be used 
without unduly high pressure drop. 
Although for very fine dust or very 
heavy dust loadings this rate may 
have to be reduced to Jf to 1 cu. ft. 
per min, per sq. ft. The first cost. 
may vary from 20 ets. to $1.00 per 
cu. ft, per min, of gas cleaned. 

Filters as Agglomerators. In Fra. 10.—8ly dust filter. (W. W- Sly Mani- 
certain cases filters are used, not to facturing Co.) 
retain the dispersoid but to agglomerate it in passing thi 
which it is collected by other means. Ап example of this is the colleoti 
mist in passing through cotton, glass wool, or fritted glass. This action i 
similar to the agglomeration of emulsoid particles, such as water dispersed in 
oil, where the emulsion is forced 
through beds of sand, ete. 

The Spray or Scrubbing белей 
Method. Contrary, perhaps, es, 
to the generally accepted Compartment | 
opinion, the effectiveness of this 9977/7 
method does not ordinarily de- Cleared 
pend so much on the contact аг 
between dispersoide and spray 
droplets but rather on the con- 
tact with the wetted walls and диел 
baffles. Passing gases with dis- gor 
persoids through straight, emp- & J y 
iy fes ог towers fitted with 7% 17 Draco Perfecto] lier (Dra 
ordinary sprays has, therefore, s 5 
little effect, partly because the number of spray droplets is wholly inade- 
quate, considering the number of dispersoids, and partly because the lutter 
nearly always are surrounded by a film of gas which prevents contact with the 
spray droplets. Nor is the mere passage or bubbling of the gas through & 
column of liquid very effective, even when comparatively high columns 
are used, unless the gas itself be dispersed very highly throughout the 
liquid. 

Spray Towers. As has been stated sbove, the open tower or flue, 
fitted with sprays, producing a finely divided “тай” or else several solid “ew 
tains” of spray liquid, and employing fairly low gas velocities, is very ineffee 
tive. A proper spray tower should provide baffles which are continually 
wetted by the spray and so arranged that the tendency is to force the di 


Le Compartment 
‘during cleanint 


tsi air 
j Dus! oir 
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Petsoids against these by centrifugal action. Hence the gas velocity must 

be fairly high. ‘These towers are therefore really centrifugal apparatus. 
Some spray towers are merely cylindrical or rectangular flues with built-in 

Partitions to make the gas take a zigzag course (Fig. 12) and usually with 


s located between these partitions. Others, which are built vertically, 
ite filled with gas-distributing material (Fig. 13), such 

as a . 13), и 
wy poard grids, terra cotta shapes, and coke, through E 


hich the gas passes, usually upward and counter- 
trent to the spray solution which is supplied from 
the top. Such towers usually 
Operate with relatively 
Dressure drop, and they are very 
ficient with solid mechanical 
dispersoids, where choke-üps 
ТА be prevented, and with both 
liquid “mechanical dispersoids 
and some liquid condensed dis- 
Persoids. Solid fumes are, how- 


evor, largely unaffected. ‘These 
tow 


material 
Tre available (see pp. 1198 to 
1206), Such towers are also 
Sold by manufacturers, but data 
on costs and performances are 
not available. 

b Bafle Chambers. 


The ordinary centrifugal baffle SBE 
кшрагабин, even when во con- Та. 12.—Hafe Fro. 13,—Pucked spray 
structed as to have the needed spray tower. tower, 


Centrifugal action, often fails 

With solid mechanical dispersoids because the separated dust is again redis- 
persed. This is largely prevented by permitting n liquid to flow over the 
baffles, which thus serves the double purpose of retaining the separated duet 
and removing the same from the apparatus. Both in prineiple and in effect, 
tuch chambers practically are identical with the spray towers just described, 
though the gas path is usually simpler. 

Similar in action is the so-called “filter” wherein the filter medium is 
merely а screen, or similar coarse material, which is coated with a dust- 
retentive oil, 

„Mechanical Washers. Mechanical washers are of two main types, one 
With relatively coarse spray where the mechanical feature consists in the 
Mechanical dispersion of the spray in the path of the gas, and one where both 
gas and spray liquid are intimately dispersed together. The former, while 
ffective on dust, is probably no more so than a properly designed spray 
chamber and is more expensive to operate. The latter is effective even on 

ne fume, but its power requirement is so high that it is usually not practical 

Or ordinary mill ог furnace gases. Thus for “fine” cleaning of blast-furnace 
Combustible gas, the Theisen washer, (Fig. 14) is widely used. 

„, The Electrical Precipitation Method. Although several inventors 
Fave been instrumental in bringing the art of electrical precipitation to ite 
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present stage, the three men who were chiefly responsible for the early pioneer- 
ing work were Cottrell in America, Lodge in England, and Moller in Germany- 
On this account the method is known today as the Cottrell electrical precipi- 
tation method in America, Asia, and Australia; as the Lodge-Cottrell method 
in England; and as the Cottrell-Móller method on the continent (in Germany 
most often as E.G.R.—Elektrische Gas Reinigung). 

In the operation of this method, a unidirectional electrical difference of 
potential is maintained and current set up between two electrodes insulated 
from each other and between which the gas is passed. Ordinarily one o! 
these, the discharge electrode, is of small cross section and curvature, like 
а wire, edge, or point, so as 
to make possible the high 
electrical field at its surface 
necessary for the ionization 
of the gas, while the other, 
the collecting electrode, has 
а lesser or no curvature and 
serves for the precipitation 
of most of the separated 
dispersoids. Owing to the 
high electrical field, the ions 
formed through ionization by 
collision near the dischar 
electrode and of the same 
electrical sign as this, nre 
carried over through the gas 
to the collecting electrode 
with volocities probably over 
100 16. per вес. When the 
иза between the electrodes 
carries dispersoids, the ions 
attach themselves to the 
particles which thus themselves become ions and are therefore also forced 
toward the opposing or collecting electrode. ‘The velocity of these “ particle 
ions" is, however, much less than that of the simple gas ions although 
undoubtedly considerably higher than ordinarily surmised. 

Tn the so-called “two-stage” or precharging method the first stage only ® 
equipped with corona-forming discharge electrodes to produce the gas ions 
necessary for charging the dispersoids, while the second stage has non-dis- 
charging precipitating electrodes opposing the collecting electrodes, between 
which is maintained a corona-free electric field for precipitating the particle 
ions from the first stage. 

Та the ordinary so-called “single-stage” method, corona discharge id 
maintained throughout, which, because of the space charge of the gas ions, 
makes for high-intensity precipitating fields. This corona field also recharges 
neutralized or discharged particle ions and moreover exerts a pressure on the 
precipitated material so as to hold it on the collecting electrodes and prevent 
redispersion. 

‘The corona discharge besides serving to ionize or charge the dispersoids 
and maintain the space charge may also produce a certain amount of chemical 
activity, such as ozone and nitric acid formation in air. The two-stage 
method with its minimum corona is therefore particularly useful in air cleaning 
where the dust concentration is low and where minimum chemical activity 
is desired. 


Fio. 14,— 


wn disintegrator gas washer. (Fray 
Engineering Co.) 
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The single-stage method is, however, far more generally тЫ 
for the ordinary concentration of ispersoids in industrial gases its corona 
Instentstion field is necessary to prevent redimpersion of the precipitated 
material at reasonable gas velocities. 4 
ince the gas ions are molecular, they are smaller than the smallest fume 

pag St Particles, The number of these gas ions ordinarily present in the 
fas in a precipitator is also probably a thousand-fold larger than the greatest 
Possible number of dis- 
Persoid particles i that 
Eas. Consequently the 
Effectiveness of this process 
15 not limited by the size, 
Weight, or number of the 
dispersoid particles. 
oreover, since the elee- 


б 


trodes can be built from i Е 

HT inlet |3 
material to withstand both J 
igh tem per atures and J 
chemically active gases, y ad E 
ће process is practically а Е 


Universally applicable to 
the separation of gas 
dispersoids, 


ће precipitation ог 


n of the time that 
the gas remains in the ac- 
tive field and can be made 


to approach 100 per cent as |\ -^ 
Closely as desired. Since, Gos | Pian peel 
however, the size und cost j ~ 


of the apparatus increase 7 H ma i 
With the efficiency, an О H | 
economie limit is neces => i 
jly set, which usually 

Пен between 90 and 99.9 i 1 
Bence Sectional End Side Elevation 


Elevation 


‘The size of the precipita- 
ton for n given gas volume 
pends on the preci р " 
Топ rate of the dispersoid in question in the type of precipitator used. 
"llis precipitation rate depends to a certain extent on the size of the particles 
and their characteristics, as, for example, their surface conductivity, since 
Sufficient surface conduc jy is necessary to permit the discharge of the 
iebersoid ions when reaching the collecting electrode, | бе 
ог any given dispersoid of uniform size and character in a given precipita- 
lor, the precipitation efficiency Е is related to the time ¢ that the gas remains 
11 the active field of the precipitator by the equation 


High-duty plate precipitator. (Wei 
Precipitation Corp.) 


log (1 — E) =tlog K a 


ipitatii ipitator 
Where К is the so-called precipitation constant for that type of precipi 
and dispersoid and is always less than 1, and may vary from 0.05 to 0.50 for 
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conducting dispersoids and normal electrode spacing, the time ( being meas- 
ured in seconds. 

‘The precipitation rate increases very rapidly with the yoltage, between the 
electrodes, and this is therefore always maintained at a maximum just below 
the break-down point for the gas. For a given precipitator, dispersoid, and 
efficiency, the precipitator voltage V bears the following approximate relation 
to the precipitation constant 
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log K = AV (25) 


where A is a numerical constant. 

One of the most important factors is, however, the surface conductivity 
of the dispersoid. Where this is inadequate the addition of water vapor, 
acid, or other conducting material which can be absorbed on the dispersoid 


Legend 
[c erie 
Collec! lectrode Plate 

| Discharge Electrodes, 


upporis 
Het Damper 


Fro. 16.—Cement-plate precipitator. (Western Precipitation Corp.) 


surfaces increases the surface conductivity and often increases the precipita- 
tion rate many fold [see Schmidt and Anderson, Electrical Engineering, 57, 
332 (1938)]. 

Apparatus. Cottrell electrical precipitators may be divided into tw? 
main classes, the so-called plate type (Figs. 15 and 16), where the funda- 
mental unit is the duct between two parallel plates, screens, or rows of rods 
chains, or wires; and the so-called pipe type (Figs. 17, 18, and 20), wher? 
the unit is a pipe, which may be square, round, or any other shape. The 
discharge or precipitating electrodes are in each ease wires or edges, Thes? 
are ordinarily placed midway between the collecting electrodes ог in the center 
of the pipe, and in the duct may be either parallel or perpendicular to ће 

Where the collecting electrodes are screens, or rows or planes 0! 
ires, the gases are usually passed parallel to the plane but may als? 
be passed through it. 
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Sectional от composite plate collecting electrodes. permit continuous 
mova) of the precipitated material and thus prevent redispersion, The 
"igh-duty plate precipitator in Fig. 15 is of this type. 

Except where liquid dispersoids are being collected, or in case of film, 
Mecipitators where liquid such as water is circulated over the collecting 
electrode surface, thus con- 
tinuously removing the 
Precipitated material, this 
materialis dislodged from 
the electrodes either peri- 
сау or continuously by 
mechanical rapping ог 
Scraping. 

Figures 19 and 16 show 
‘terior and elevation view 
91 rod-curtain and plate 
Precipitators, Figure 
20 ‘shows a two-stage, 
Water-film, pipe precipita- 
tor for cleaning ventilating 
ñir at an ore-crushing plant, 
and Fig. 21 shows 4 two- а 
Stage plate precipitator connections 
"aed chiefly in connection 
With air conditioning. 

The best spacing be- 
tween the opposing eleo- 
trodes ја somewhat 

pendent on the actual 
density and character of 
the gas und the concentra- 
‘on and character of the 
dispersoid but is ordinarily 
тош 3 to 6 in, although 
With two-stage precipi- 
tators, cularly where 
the dispersoid congentra- 
Hon ја low, electrode spac- 
ings approximating 14 in. 17,—Р1ре precipitatót. with: electron-tube power 
thay be used, The smaller unit, (Research Corporation.) 
he spacing, the lower the К 
necessary voltage, but mechanical difficulties in maintaining proper alignment, 
AS well as disturbances from the precipitated material, are increased. 

The choice of the electrode type depends on the character of the gas and 

lspersoids and to а certain extent on local conditions. It is almost entirely 
A matter of cost since equal efficiencies can be obtained with every type when 
Properly dimensioned. у 2 

As already stated, the size of the precipitator for a given efficiency is pro- 
Portionsl to the gas volume and depends on the type used and on the pre- 
fbitation rate of the dispersoid. The proportions of the unit must, however, 
be so chosen that the gas velocities do not exceed the critical limit beyond 
Which the precipitated material is again redispersed in the gas. 

The electrodes are usually made from metal and most often steel. Other 
Conducting material like carbon is also used where the gas conditions require 


те 
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it. ` Where the precipitated material is liquid so as to form its own conductin£ 
film, insulating material, such as glase, terra cotta, or wood, is also used. 

Besides the ordinary highly conducting electrodes, special types constructed 
of material with fairly low conductivity, like concrete, are also used. I" 
the latter, conducting rods are so placed as to tend to equalize the resistance 
throughout the field be- 
tween the electrodes, and 
these are therefore called 
graded resistance elec- 
trodes (see Fig. 16). 

А recent development in 
the field is а low-voltage 
precipitator known as the 
Precipitron, developed by 
the Westinghouse Electric 
and —Manufactur 
[see Penney, Ele 
gineering, 56, 159 (1937)]. 
The Procipitron (Fig. 21) 
consists essentially of three 
sections: an ionizing cham- 
ber operating at 12,000 to 
14,000 volts, a collector 
plate chamber operating at 
5000 to 7000 volts, and a 
power-paok rectifying unit. 
"The equipment, differs pri- 
marily from tho Cottrell- 
type precipitator in the low 
voltage used for precipita- 
tion and the small size of 
equipment, necessary owing 
to в preliminary charging 
of the particles and the 
close spacing of the collect- 
ing plates. It may be fur- 
nished in units up to 50 
collector cells, rated at 600 
си. ft, per min. per cell. 
The over-all dimensions of 
a collector cell are approx- Fre, 18.—Exposed-pipe precipitotor. (Lurg? Ap- 
imately 814 in. wide, 19 in. paratebau Ges, т.Ь.Н.) 
high, and 36 in. long: The 
plate spacing is usually 54 6 in., but for the higher dust concentrations a spacing 
of 34 in. is employed. 

The Precipitron can be connected directly to a 110-volt, single-phase, 
25- or 60-cycle line. The power consumption is stated to be on the order 
of 30 to 80 watts per 1000 eu. ft. per min., and the pressure drop is stated to 
be less than 0.1 in. water. The equipment is not recommended for use 
at temperatures above 350°F. due to structural limitations. When it serves 
ав а dust collector, dust loadings should not exceed about 34 grain per eu. ft- 
since at higher loadings the frequency of cleaning becomes excessive. Its 
chief field of application їв in cleaning atmospheric air where n high degree 
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A " n 
fq etaliness is required, but it has been appliad.in collecting a number o 
eldustrial dusts of low 
fipetrical conductivity. 
he chief difficulties 
fhcountered. in. remov- 
118 mists or dusts of 
igh conductivity, such 
f Sulphuric acid, are 
found in the possible 
short circuiting of the 
sulation, The Pre- 
fibitron costs range 
from about $0.25 to 
80.35 per cu, ft, per min. 
21 gas handled for Cor- 
en steel construction. 

Electrical Equip- 

ent. The equip- 
int used to produce 
е strong electrical 
fields necessary consists 
ordinarily of a trans- 
ormer (Fig. 22) which 
пера up the ordinary 
пе voltage of 110 or 
550 volts to from 50,000 
lo 75,000 volts, and а 
Synchronous motor- 
driven mechanical reo- 
fer with the necessary: 


fWitchboard and regu- 
lating instrumente. 
Electron, meroury-are, 


"hd contact rectifiers 

ite also used, but since 7 

Vau ee ge збег equi; t used, and since the 

equipment Ў ће 

ч | d by the type of rectifier equipment u TS. 
mechanical rector ig ordinarily the cheapest to build and operat 


1 
Table 7. The Relation between Electrode Spacing and Arcing 


1 i Cottrell electri- 
о, 19.— Interior view of rod-curtain type 
AEST MOT Con) 


Voltage 
Arolng voltage, kv, 
TUNE ifort Peak Root mean square 
2 EJ 4 
| 1 5 | 
Я é у 100 п 


sise and 
almost universally the standard equipment, except for the smaller 

sce US 
for two-stage precipitators (see Figs, 17 and 21). 
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Voltage and Power Requirement. The voltage required in a precipitator 
depends largely on the electrode spacing and character of the gas and 18 
directly related to the breakdown or arcing voltage for the gas and electrode 
arrangement. Table 7 shows the maximum arcing voltage from a central 
small wire to pipes of different diameters with gases at atmospheric pressure 
and temperature of about 100*F. and containing water vapor, air, and COs 
as well as mist. 


Outer” pion зато Section A-A 


Supporti 
рака 


Collecti 
elect 


Precipitafi 
electrode T 


Monizer 


broin” 


Front Elevation Side Elevation 
Таб. 20.—Two-stage water-film-pipe preeipitator. (Western Precipitation Corp.) 


varies approximately directly as ihe 
density of the gas (hence nearl as the temperature) but is even 
more affected by the characteristics of the deposit, since even small amounts 
of poorly conducting material on the electrodes may markedly lower the 
arcing voltage. The data given in Table 7 are for the negative polarity of the 
discharge electrode. For positive polarity the arcing voltages are very 
much lower. 

The power required in electrical precipitation is also very largely dependent | 
оп gas and dispersoid conditions but is in any event nearly proportional to 
the size of the precipitator. It is lower, however, for two-stage than for 
single-stage operation. Hence for dispersoids with low precipitating rates 


The maximum precipitator volta; 
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vol/age B-Lntrained particles 
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collected material? 
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Seotional view of Precipitron. (Panghorn Corporation.) 


Pis. 216.—Precipitron collector cell. Fra, 
{Westinghouse Electric & Manufactur- 
ing Company.) 


—Cottrell Process electrical equip- 
ent. (Western Precipitation Corp.) 
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the power requirement is greater. Taking ns an example an average con- 
dition of gas and dispersoid, with a precipitation einieienegt of about 90 per 
cent, the power required will ordinarily not exceed 14 kya. for 1000 cu. ft- 
per min. of gas cleaned. 

Cost of Construction. Since the first cost obviously is dependent on the 
size of the equipment, and this in turn is dependent on the precipitation rate 
of the dispersoids and on the efficiency desired, no specific statement in regard 
thereto can be made. However, for gases of such character that ordinary 
steel can be used in construction and for efficiencies of from 90 to 98 per cent, 
the first cost will usually lie between 25 cts. and $1.00 per cu. ft. per min, of 
gas to be treated. 


General Operating Data from Practice 


1. German Practice for Washing Blast-furnace Gas (Boynton, Trans, Am. Inst, Mit 
Eng., February, 1928). 
Maximum dust content washed gas, 0.04 gr, per eu. її. 
Cost central washing plant, $12,500 per 100 tons of pig iron per day. 
Operating cost, $0,00177 to $0.00283 per 1000 cu. ft. per day. 
Operating cost, 80.225 Lo $0.40 per ton iron per day. 
2. Bag-house Practice at Metallurgical Plants (Eilers, Internat. Cony, Applied Chems 
1912). 
A. American Smelting and Refining Co., Murray, Utuh: 
165,000 cu. ft. lead smelter fume per minute, 
570,012 sq. ft. filter area installed. 
$127,195 cost of bag house, bags, Пива, eto, 
Number and size of bugs, 4032; 18 in. diam. X 30 ft, long, 
Operating cost, $16,500 per year. 
Average-life cotton bags, 18 months. 
Averuge-life wool bags, 4 years, 
В, American Smelting and Refining Co., Omaha, Међа 
124,000 aq. ft. filter area installed. 
$42,000 cost of bag house and accessories, 


Performance of Cottrell Precipitators 


Healy [Chem, & Met. Eng., 31, 366-368 (1930)] summarizes some resulta on 
the effectiveness of Cottrell precipitators of mist and dust from sulfur-burner 
gases, 


Table 8. Performance of Hot Cottrell Precipitator 


‘Total dust | PSO | Раду 
Me per | Ub. per E: Мере E Un, per | Me per | 5 Tb, per per 
43 | 2960 % 620 x | zo 
40 | 2720 82 529 337 | zw 
34 240 и 91 20 19 
телу. 91.8% 85,4% 93.7% 


Temperature in, 820°F.; temperature out, 655°! 
per min, at 0°C, and 760 mm. 


ressure drop, 0.2 in. HO; gas volume, 2060 cu. fte 
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Table 9. Performance of Cold Cottrell Precipitator 


но, Амо, Pb8O,, 
ma. рег cu. ft. | mg per cu- fto | mg. per ou. ft. 
168.0 52 
42 0:13, 
0:25 0.0023, 
0:015 0.00013 


pel hberature in, 8577; temperature out, 20-95°F, pressure drop, 1 in. НО; gas volume, 2800 cu. ft, 
va Din. at 0°C, and 760 mm. The power consumption of the hot Cottrell was 3.5 kw.; that of the cold 
ll was: primary, 0.8 kı ind secondary, 3.2 kw. 

cuPetformance of Cottrell Precipitator on Gases from а Doré Furnace. 
lark and Heimrod (Trans. Electrochem. Soc., 61, 77 (1932)] give the following 

results of the treatment of Doré furnace gase: 


Gas volume. , їл 3200 cu. ft, per min, at 125°Е. 
Inlet concentration mg. per eu. ft....... Gold, 0.013 Silver, 0.913 
Outlet concentration, mg. per eu. ft..,.. Gold, 0.0002 Silver, 0.0061 
Collection efficiency, per cent. Gold, 98.3 Silver, 99.3 
Analysis of Collected Material 

Cu m tes 5.51% 
ВОЛНЕ 2100.8 ox. per ton 
к 483.0 ол. per ton 


Investment and Operating Costs of Cottrell Precipitators. Lan- 
dolt [Chem, & Met, Eng., 29, 688 (1923)] gives the following table for typical 
installations: 


Table 10 


Boller 
3804 | 9.50, | house | ging | ie | Бру" 


Metal- ducer | drying 
јен] mht ЖЬ © roaster ws B 
foe. [eoe | Зб; | фот | тра | бан | mie 
= eval) ring) | чу , 
Thyestment ted cu. ft per 
ее $0.56 | $1.60] $3.75) sos] $3.00] иж| soo 
wmperature gases treated, "Е. 500 250 70 300. 1200 100 150 
Cleaning cost per 100,000 eu. ft | $0.05 bi o- 40.18 | $0.01 | $0.16 | $0.11 | $0.05 
Power consumption, khe. 
pde рее... у] 0.75 | 100 | 0,671 0,25 | oss| oss| 0.56 
Efüienoy of removal of suiponded 
matter, per cen! seres] 90-95 98 99.94- 90 95 95-98 95 


Comparative Cost Figures for Cottrell Precipitators on Cement- 
tiln Gases, Schmidt [Trans, А. I. Ch, E., 21, 11 (1928)] gives compara- 
live approximate average figures for different types of precipitators, treating 
tement-kiln gases, in the following table, made on the basis of treating 100,000 
©, ft, of gas per minute at 90 per cent collection efficiency: 
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Table 11 
Space. Approx. | Operating Labor, 
"Type of precipitator required, ‘cost power ы man-hr. 
cu.ft. | dollars kw. per day 
Iron pipe electrodes . . Im $100,000 | 30 48 
Iron plate electrodes . 80,000 | 20 2 
Graded resistance electrodes .. 55,000 | 10 12 


AIR FILTERS 


By С. E. Lapple 
The equipment previously described is intended primarily for the treat- 
ment of process dusts, Air filters are employed in the elimination of atmos- 
pherie dust. ‘The difference in application is not so much one of quality of 
dust as it is of quantity. Process dust concentrations may run as high as 
several hundred grains per cubic foot, although usually not exceeding 20 grains. 
Atmospheric dust concentrations are generally below 5 grains per 1000 cu. ft. 
‘The following table gives average atmospheric dust concentrations that may 
be expected in various districts: 


Dust Concentration, 


District Grain per 1000 Cu, F 
Rural or вшһшва.......... ... 0.2-0.4 
Metropolitan 5 0.4-0.8 
Industrial. очной 1 EI 0:8-1,5 
Dusty factories or mines... . 2011.802. феру aa 0-80. 0. 
(1 grain per 1000 cu, ft. = 2.3 mg. per cu. m, = 0.005 mg, per cu. ft.) 


In the elimination of atmospherie dust, no attempt to recover the dust i$ 
usually made. Air washers may also be employed for cleaning air, but these 
are installed primarily for humidifying or cooling the air and dust removal is 
only of secondary importance. 

‘Air filters may be classified into three groups on the basis of the type of 
filter medium employed: viscous, dry, or automatic. 

Viscous filters are so called because the filter medium is coated with s 
viscous material to catch and to retain the dust. The filters are supplied 
in units of convenient size (generally of the order of 20 by 20 in. face area) 
to facilitate installation, maintenance, and cleaning. Each unit consists of 
an interchangeable cell or replaceable filter pad and a substantial frame which 
may be bolted to the frames of other similar units to form an air-tight parti- 
tion between the source of dusty айг and its destination (Fig, 23). Felt liners 
are sometimes used to make the assembly of individual cells air-tight. Some 
types of cells may not have a separate cell frame but are clamped directly 
to the superstructur 

"Typical commercial viscous filter units are shown in Fig. ‘The filter 
pad may consist of one of a wide variety of materials, including glass fibers, 
animal hairs, wood shavings, corrugated fiberboard, split wire, or metal 
screening. These are coated with a dust-collecting liquid, such as mineral 
oil, and chemicals of high viscosity and flash point to act as a dust holder: 


In the matter of servicing or reconditioning, the viseous-type filters full 
into two classes. With most units employing a metallic medium, the unit 
cells are taken out and washed or steamed, reoiled, and then placed back 


into service. With the other type the cell or cell pad is discarded, once the 
maximum allowable dust load has accumulated, and is replaced by в new оле- 
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Dry filters are supplied in units similar in size to the viscous filters, except 
that tho depth is usually greater. ‘The various filter media used have, as a 
Tule, stialler passages for air flow than the viscous media, and hence lower 


D» 


iM 

| 
| 
\\\ 
I 


Tta, 23,— Typical types of filter-bank installation. а, flat or L-type installation, b, 
V-type installation, 


_ Fra. 24,— Typical viscous unit filters, а, throwaway type, Dustop. (Owens Corning 
Fiberolas Corporation. b, cleanable type, Air-Maze Туре В, cutaway open end vies 
(Air-Mase Corporation.) 


Air velocities must be used in order that the pressure drop will not be excessive. 

This low velocity necessitates а relati large filter surface to handle a 

kiven gas volume and the filter media are usually arranged in the form of 
[МЄ тонон the frontal'mren witlimdustomkry баде саноеи: 
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‘Typical dry filters are shown in Fig. 25. The filter media are generally 
sheets of cellulose pulp, cotton, felt, or spun glass. Filters using felt, or 
similar materials are generally reconditioned by vacuum or: dry. cleaning: 
"Where the air contains much soot, dry cleaning is usually necessary. With 
filters employing inexpensive cellulose media, reconditioning is most economi- 
cally accomplished by replacing the filter medium. Mechanical loading 


b, Cutaway View 

Fra, 25.—Typical dry filters. а, throwaway type, Airplex. (Davies Air Filter Corporu- 

tion.) b, replaceable medium буре, Airmat PL-24, cutaway view, (American Air 
Filter Company.) с, cleanable type, Amirglass Sawtooth. (Amirton Company.) 


devices are often supplied to replace the filter sheets in tho frames. In some 
eases the complete unit cell is discarded when the maximum dust load 18 
reached. 

Automatic filters might readily be classed under one or another of the 
previous groups, since they employ either a viscous-coated or dry-filter 
medium. They form a distinctive group in the air-filter field, however, in 
that the cleaning operation is essentially continuous and automatic. Most 
commercial automatic filters are of the viscous type and consist of perforated, 
crimped, or woven metallic screens in series (see Fi 6). The apertures аге 
graded so that the air first meets the larger openings and is subjected to the 
finest filtering action just before it leaves. The screen curtains are drawn 
around in a vertical direction, either continuously or intermittently. The 
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ОЙ bath serves to rinse out the dust and cont the screen with a fresh film of 
Pil. The dust is then 
allowed to settle out as 
a sludge in the bottom g 
of the hopper. Such $ 
filters may be furnished 
With а hand crank or 
motor drive as desired. 
"The Airmat Dust Ar- 
restor (Fig. 26а) isa dry 
Automat. filter. It 
can, however, only be 
considered automatic 
When applied to dusts 
that are relatively non- 
Sticky and easily shaken 
Off. It is also used as a 
dust. collector rather 
than an air filter since 
it can handle relatively 
high. dust loads. The 
nir flow must be stopped 
ог diverted, however, 
When the filter is vi- 
brated, 
General Design and 
‘erformance of Air 
Filters, ‘The charac- 
teristics of the various 
types of air filters are 
зотраге in Table 12. 
the pressure drop 
through a filter in- 
Creases as dust accumu- 
lates. The filter should 
be ‘replaced when the 
Pressure drop starts to 
increase rapidly or else 
е air capacity will de- 
"телче. Тһе maximum 
allowable pressure drop 
ranges from about 0.20 
> to 0,50 in. water de- 
; Dending on the type of 
filter medium. The 
^ cleanliness of the fil- A notype 
x tered air may alsosuffer Fre. pica] automatic air filters. а, dry type, 
1 
t 


rrestor. (American Air Filter Company.) b, 
К nina ООВ dinde ео 1 
ment of dirty air filters А 


г Filler Company.) с, Stay- 
new Model А. (Staynew Filter Corporation.) 


] is neglected. The dust j жы ИЕ: |! 
1 loading of the air handled generally determines the life of unit filters. For this 
e Tenson automatic filters become increasingly attractive as the dust concentra- 
1 tion of the air to be cleaned increases, since dust espacity is not usually an. 
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important item with such filters. The operating cycle or life of a unit filter 
may be estimated from the following formula; 
L 

BOC, 

length of operating cycle, days. 

lust capacity per cell, Ib. 

air volume handled per cell, eu. ft. per min. 

С = dust concentration in air to be filtered, grain per 1000 cu. ft. 
Е = filter efficiency, per cent. 

This equation is based on a material balance of dust entering and leaving 
the filter cell. Average dust concentrations encountered in various types of 
localities were given previously. Dust capacities for unit filters generally 
range from 0.5 to 4.0 lb. per standard 20- by 20-in. unit. In general, the life 
of viscous-type filters handling average city air may range from 2 to 5 months, 
while for dry-type filters it will range from 1 to 3 months, For the average 
chemical plant the life will be from one-half to one-third that of the same 
filter handling "average" city air and may at times be considerably less due 
to the highor dust loadings involved, 

The matter of a proper schedule for servicing filters cannot be too strongly 
stressed if satisfactory operation is to be obtained, The over-all time cycle 
for reconditioning washable viscous filters is generally about 24 hr. Unless 
they are allowed to drain sufficiently, an entrainment of oil by the filtered 
air may result. 

Ordinary air filters will have a negligibly low efficiency in separating 
particles below 0.54 in diameter. For particle sizes over 10u the filter 
efficiency for most makes is generally over 85 per cent. Ап oil impregnation 
of dry-filter medium has also proved useful in eliminating any possibility of 
lint carry-over from the medium itself. Many of the dry media have also 
been fireproofed by suitable treatment. 

Power costs may be computed by the following approximate formula with 
reasonable accuracy (based on an over-all fan-motor efficiency of ӨЗ per cent): 


t= 500,000(. 


r min. X resistance (in. water) 12 


‘The additional power required for the operation of automatic filters is pre 
portionately very small and may be neglected. 

The approximate purchase cost ranges for commercial stool filters are 
given in Table 12. For special service, filters may be obtained of stainless 
steel, galvanized iron, cadmium-plated steel, brass, or aluminum, 

Miscellaneous Air-filter Equipment. A special type of equipment 
applicable to air filtering is one employing a water spray over glass filx 
An example of this is the Fleischer capillary conditioner. A recent develop- 
ment in the field is the utilization of an electrostatic field in addition to the 
usual filtering medium in order to secure a greater degree of air cleanliness. 
The Electromatic air filter (American Air Filter Co.) is an automatic viscous- 
type filter employing an electrostatic field, and Annis (Glendale, Calif.) 
has developed a felt filter employing such а field. See also Precipitron, 
p. 1872. 
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CRUSHING, GRINDING, AND PULVERIZING* 


BY S. B. EANOWITZ 
THEORY OF CRUSHING AND PULVERIZING 


Size reduction of materials of various kinds is an important operation in 
many industries. Machinery used for this purpose may be divided into three 
classes, depending upon the nature of the force applied. In the first class, 
breaking is accomplished by continuous pressure; this class includes equip- 
ment used in coarse crushing. In the second class, reduction is effected by 
blow or impact, and in the third by grinding or abrasion; the latter classes 
include machinery used in fine crushing and grinding. 

Reduction of a material may be accomplished by crushing and splitting, or 
by cutting and tearing action. The ability of a material to withstand reduc- 
tion generally depends upon its hardness, but the manner in which it is frac- 
tured is frequently an important factor. A foliated tale, or a flake graphite, 
is easily reduced to a certain size beyond which further reduction is ассош- 
plished only with great difficulty. Other factors affecting the grinding charac- 
teristics of a material are water of combination, hygroscopicity, tendency to 
agglomerate, combustibility, and sensitiveness to changes in temperature. 
Glauber's salt, for instance, gives off water of crystallization at а compara- 
tively low temperature, causing clogging of equipment if the temperature 
rises above & certain point; calcium chloride is so hygroscopic that it may 
actually dissolve in the moisture absorbed; most barium compounds have 
tendency to agglomerate, even when absolutely dry; synthetic resins nnd 
gums become soft and plastic beyond a certain temperature; other rna! 
may burn or char; certain chemicals and dyestuffs are unstable and may ignite 
or explode if the temperature is excessive; many mineral pigments, St 
achres and siennas, tend to change in color at high temperature. 

The main object in most pulverizing operations is to obtain a product 
smaller than а certain specified size; the higher the percentage of impalpable 
powder contained, the more desirable the finished product. his is particu. 
larly true for a product finer than 100 mesh or 200 mesh. Where a coarser 
product is required, а minimum percentage of fines is usually desired, ‘The 
type of pulverizer selected plays an important part in this respect, A set 
of rolls will produce a material with less fines than a hammer mill grinding to 
the same maximum particle size. Another factor of imrortance, which is 
affected by the type of pulverizer used, is the particle shape. It will be found 
that in the case of certain mineral pigments, such as the oxides of iron, a prod- 
uct of a richer color will be obtained when the pigment is ground in one type 
of mill than in another. 

As crushing and pulverizing are primarily operations of size reduction, 
determination of size and particle shape of feed as well as of the finished prod- 
uet is of primary importance in the efficiency of the operation. Three 
methods of particle-size determination are in use to-day, sieving, elutriation, 
and microscopic examination. The special ranges of size to which each of 
these methods is applicable are the following: (а) Sieving is rapid and accurate 
to as low as 74и. Separation is determined by the minimum cross section 
of the particles which pass through all screens having apertures greater than 

+ This section із a condensation of material now in preparation for a detailed treatise 
on Crushing, Grinding, and Separating. —S. В. Kanowita. 
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the miinimum cross sections, _ (8) Elutriation has ite greatest usefulness from 
у to 1004, Within that interval separation is supposed to follow Stoker's 
The diameter may be calculated as that of a spherical particle which 
is the same settling velocity as the actual particle, or it may be measured 
Teeroseopieally, (е) Microscopic sizing has been developed for the range of a 
jı tenths of 11 to about 10 or 20р; but, with care, it may be used up to 100 
|. Hore: The particle diameter may be taken in several ways, but the 
least diameter is usually missed because flat particles generally lio with their 
in йш thickness in a vertical direction. (For more complete data on siev- 
ing апа elutriation, see Sec. 15, page 1728.) 
jen great deal of confusion exists in comparing silk bolting cloth with testing 
moves. "The size of opening in silk bolting cloth of a certain mesh is not the 
sume asin а sieve of the same mesh, 16 will often be found that there is no 
Капага testing sieve corresponding to a particular screen opening as it falla 
tween two standard screens. 

York expended in overcoming friction and inertia of machine parts, in 
fubbing between particles and between particles and crushing surfaces, 
t Producing deformation without breaking, and in generating electricity in 
the crusher is not "useful" as the word is employed in the discussion of effi- 
tie. Ав indication of useful work can, however, be reached by measuring 
toe reduction in size of particles in the crushing operation and attributing 
mareto certain energy values in arbitrary units. When this is done, a state- 
Mont of relative efficiency can be made as follows: 

wr 
Bey 

Е = relative mechanical efficiency; W = number of units of size 
a luction per unit weight of material crushed; Т = number of units of weight 
91 material crushed per unit of time: and P = number of units of power used. 
Opinion is divided ns to the method to be employed in assessing the equiva- 
TRES of useful work and size reduction. "Two methods have been proposed. 
then” аге named respectively Kick's method and Rittinger's method from 
heir proponents. ` In the former the energy required is proportional to {һе 
Volume reduction of the particles. To each size of material is assigned an 
Уна number, representing the work expended in arriving nt that size. 
«energy spent on a given sample is t&ken as proportional to the sum of the 
producta of the weight percentages retained on the various screens and the 
Оппа] numbers corresponding to these screen sizes. The useful work iw 
taken equal to the total energy expended upon the final product minus the 
їп ШУ expended on the feed. The basis for the method is given by Stadler 
№ Trans, Inst. Min, Met., 19, 478 (1909-1910). 
Rittinger's law states that the work required is proportional to the new 
ёсе formed. Much controversy has taken place regarding the correctness 
Э thetwo methods. From a theoretical point of view both leave much to be 
sored. For crushing large particles Kicks law appears to give the better 

results, whereas finer materials conform more nearly to Rittinger's lay. 
,Lhe hardness of a material as measured by the Moh scale із not always а 
sritetion of its resistance to crushing or even pulverigation, unless the material 
2560 be pulverized very fine. Tt is, however, a fairly good indication of the 
abrasive character of the mineral, a factor which determines the wear and 
tear on the grinding mediums. Arranged in increasing order of hardness the 
idle is as follows: 1, tale; 2, gypsum; 3, calcite; 4, fluorite; 5, apatite: б, 
feldspar; 7, quarts; 8, topaz; 9, corundum; 10, diamond. 
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TYPES OF CRUSHERS AND PULVERIZERS 

Gyratory Crushers (Fig. Ја). The housing of a gyratory crusher has the 
shape of the frustums of two cones placed together with the narrow sections in 
the center. An eccentric at the lower end gives the shaft a gyratory motion: 
this causes the head to approach or recede from the concave surfaces, breaking 
the feed on Из downward path. The three general types are the suspended- 
spindle type, the most widely used; the supported-spindle type, an uncommon 
design; and the fixed-spindle type, rapidly growing in favor. The first two 
are usually designated by numbers, about one-half the feed opening бп 
inches); in the third type a number equal to the gape is used. In addition, 
the first type is designated by the letter K, the second by the letter D; the 
length of the receiving opening is usually designated by the circumferential 
distance (along the outer edge of the feed opening) between adjacent faces 
of the spider arms multiplied by the number of spider arms; this length is 
about eight times the gape in lever-type crushers below size 9, seven times in 
larger sizes. A No. 7-D crusher is of the supported-spindle type with 
14- by 112-in. feed opening; a No. 20-K crusher is of the suspended-spindle 
type with 40- by 280-in. feed opening. 

Among the common types is the Austin gyratory, which is made in six 
standard sizes, with hourly capacities from 10 to 150 tons; feed opening from 
S by 24 to 19 by 57 in.; normal ring size 214 to 4 in., and smaller ring size 
1 to 3 in. The Superior-McCully is made in nine standard sizes, 15 to 25 
to 300 to 500 h.p., ull equipped with two feed openings from 8 by 34 to 60 by 
182 in. and it has a range of output from 25 to 1420 tons per hr. for finest 
setting, 115 to 649 discharge opening, and 47 to 1900 tons for coarsest setting, 
214 to 1016 in. Secondary reduction is made on a fine-reduction MeCully in 
three standard sizes, with feed openings 6 by 40, 10 by 52, and 18 by 68 ins 
respectively, and with the following hourly capacities: 24 to 60 tons, 50 to 
75 h.p.; 100 to 214 tons, 100 to 150 h.p.; and 310 to 735 tons, 150 to 200 h.p- 
Discharge openings range from 19 to 4 in. 

The Traylor Bulldog gyratory is used for primary and secondary crushing: 
Fourteen standard sizes are made with receiving openings varying from. 214 
by 14 in, to 72 by 242 i mary capacity, Гог 14- to 12-in. ring sizes from 
34 to 8400 tons per hi - to 9-in. ring sizes from 1$ to 2500 tons per hr.; 
Secondary capacity from 34 to 700 tons for 14- to Tin. ring sizes, and 14 to 
370 tons for 36- to 4!4-in. ring sizes. The Traylor finishing gyratory type Т 
comes in five sizes, 25 to 200 h.p., with 41$- by 27!j-in. to 20- by 80-in- 
receiving opening. Hourly capacities for ring sizes 1 to 234 in. range from 
23 to 310 tons; for ring sizes 15 to 2 in., 6 to 225 tons. 

The Allis-Chalmers Newhouae, used mainly for secondary crushing, has no 
foundation but is suspended by three cables which absorb much of the vibra- 
tion. If necessary, it may be mounted on a foundation with spring cushions 
under the base, Operating characteristics for four sizes of this type аге: 
ring size, 5, 7, 10, and 14 in. respectively; discharge openings, 546 to 120, 
14 to 2, 36 to 214, and 14 to 3 in.; hourly output, 10 to 44, 35 to 134, 60 to 
200, 130 to 440 tons; motors 30, 60, 100, and 200 h.p. 

‘The Allix-Chalmers type R crusher is a new development for fine crushing. 
It employs a built-in hydraulic jack to control the vertical position of the 
mantle relative to the concave ring, and a relief valve permits tramp iron to 
pass through without harm to the crusher. A feed up to 225 in. in size сай 
be reduced to a size from less than !4 in. to less than 34 in. at rates of 20 to 
33 tons per hr., while with coarser products the rate may run up to 46 tons 
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Per br, А power input of 25 to 30 h.p. is required for the only size available. 
The Kennedy-Van Saun gearless quratory is driven by a built-in synchro- 
hous motor or by belt to a pulley on the vertical shaft. The standard crushers 
of this type are available with feed-opening sizes from.3 by 8 in. to 66 by 
235 in., crush to from 1$ to 10 in. at 14 to 3600 tons per hr., and require from 
140 250 h.p. The fine erushers are built with feed openings from 194 to 
14 in, wide. 
p Phe fixed-spindle or pillar-shaft gyratory, known as the Telemith Breaker, 
tis з rigid shaft, which does not rotate or gyrate; the full stroke is exerted on 
the largest particles as they enter the bowl, thus speeding up the crushing. 
The main advantages are rigid shaft eliminating breakage, compact and 
tugged construction, decreased head room, and effective increased receiving 
pPening. Seven standard sizes are made, from 15 to 20 h.p. to 100 to 
lip, and receiving opening from 634 by 35 in. to 25 by 108 in. Hourly 
‘epacities range from 17 to 18 tons for the smallest size to 300 to 350 tons for 
the largest, discharge opening from 1 to 4 in. The Telsmith reduction ог 
Secondary crusher hus a large bowl, much wider at the bottom than at the 
top, allowing free escape of the material. Four standard sizes are made, 

5 to 65 h.p., 5- to S-in, feed opening, 7$- to 13g-in. discharge opening, with 
Nourly capacities ranging from 18 to 21 to 85 to 100 tons, 

Jaw Crushers, These may be divided into three groups: the Blake, with 
movable jaw pivoted at the top, giving greatest movement to the smallest 
lumps; the Dodge (Fig. 1e), with the movable jaw pivoted at the bottom, giv- 
ig greatest movement to the largest lumps; and modifications of the two, 
Kivinz nearly equal movement to all sizes. ‘The Blake has a removable crush- 
ing plate, usually corrugated, fixed in a vertical position at the front end ofa 
hollow rectangular frame. A similar plate, at a suitable angle, is attached 
to ^ swinging lever (movable jaw) suspended from a shaft resting in tho 
Sides of the frame, Movement is accomplished through а knuckle action by 
the rising and falling of a second lever (pitman) carried by an eccentric 
shaft. "The ve | movernent is communicated horizontally to the jaw by 
two plates (toggles). 

The Traylor type A Blake, in 11 standard sizes, from 7 to 75 h.p., with feed 
Opening from 7 by 10 to 24 by 36 in., has an hourly output ranging from 6 to 
53 tons with 2- to 5-in. ring size, and 2.5 to 41 tons for 1- to 3-in. ring size. 
Type B, in four sizes, 75 to 180 h.p., with feed openings from 15 by 60 to 
30 by 60 in., ranges from 94 to 180 tons per hr. for 4- to 6-in, ring size, and 
54 10 125 tons for 2- to 4-in. ring size. The Traylor type Н crusher is dis- 
tinguished by a welded-plate construction, making it lighter in weight, and 
Purved jaw plates, believed to be more efficient for secondary and fine crush- 
ing, It is available in sizes from 10- by 16-in. to 24- by 36-in. openings with 
Capacities varying from 10 to 170 tons per hr. when producing minus Zfn 
to minus 4lj-in, stone. The maximum power requirements of the sizes 
Are from 15 to 75 hp. ‘The more rugged Bulldog type, in seven sizes, from 

0 to 250 h.p., with feed opening from 28 by 36 in. to 56 by 72 in., crushes 
from 105 to 535 tons per hr. for 5- to 10-in. ring size, and 44 to 310 tons for 
- to T-in. ring size. | 

The Dodge has been found impractical in sizes above 11 by 1518. Tt will 
Crush larger pieces than any breaker of similar size and gives а more uniform 
Product than a Blake or а gyratory. ‘Typical performance data for 4- 
And 9-Ъ.р. Traylor Dodge crushers with 6 by 9-in., 7 by 11-in., and 11 by 15-in. 
Openings are 3 to 5, 6 to S, and 10 to 20 tons per hr,, respectively, crushing to a 
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Fro. 1— (а) Gyratory crus ocentrie crusher; (6) swing-barmer pulveriser; 
(d) Бай mill; (6) juw eru: (0) roll crusher; (A) pan or chaser mill; 
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(5) roller mill, (Badger a 
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(p) 
Fra, 1 (Continued) —(j) Attrition mill; (E) disintegrator or multiple-cage mill; (i) 
ue separation mill; (m) colloid mill; (п) vertieal-beater mill; (о) Raymond low- 
side 


ide air-separation mill; (p) bubrstone mill. (Badger and McCabe, " Elements of Chemical 
Angineering.y 
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The capacities and power consumption of a Dodge (Allis-Chalmers) уре 
jaw crusher operating on a tough ore which offers considerable resistance to 
reduction are shown in Table 1. 


Table 1. Performance Data of Dodge (Allis-Chalmers) Jaw Crusher 
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Capacity, tons per hr. 


Size of opening, in. Size of product шу 
Wu | не | па [ome 
4x 6 м » 1 3 
IX 9 n 2 3 6 
8х2 1 3 4 10 
их. - 2 4 6 15 


‘The force-feed jaw crusher has the pitman mounted directly on the eccen- 
tric shaft so that it receives a downward as well as a forward motion, The 
lower end of the pitman is held in position against the toggle by a tension 
rod. The bottom of the pitman cannot drop directly away from the station- 
ary jaw во that large pieces of stone will not pass through until they nre 
crushed. 

"The Universal erusher combines the principles of the Dodge and Blake; 
combined vertical and horizontal action ensures uniform product. Two 
crushing strokes occur for each revolution: a primary crushing blow at t 
tip, where most needed; and a secondary stroke at the bottom of the jaw 
Table 2 gives performance data for several types and sizes of this orusher. 


Table 2. Performance Data for Universal Jaw Crushers 


Capacities, tons per 10 br. 
Noy | Jew opening, Зе of product Moe 
жы | nd -1 n. 
1 15x36 300-450 200-275 150-200 50-70 
1 охи 175-225 150-175 80-120 0-0 
3 [ 150-200 100-150 25-100 30-50 
а [EET 200-300 120-175 $5150 45-65 
5 8X 18 125-125 10- 90 50-75 2-35 
é 8X10 5-4 | 20- 30 15- 20 10-15 
| нь | Иша 
| 5-9 | № 
7 5x48 | vem 50-70 
в 5536 75-125 40-50 
5 6X16 15- 25 20-30 
@ 6x12 2-23 15-20 
1 5X 6 + 6 3-4 
2 4x 6 4+ 4 23 


In Table 2, crushers 1 to 3 inclusive are used largely in the rock-quarry 
and mining industries, where a large feed opening and a high ratio of reduction 
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Ste required. Crushers:4 to 6 inclusive are well adapted for crushing rejec- 
tions, 34 in. and finer, and will produce a fine uniform product suitable for 
Crushed aggregate for concrete construction and other materials of similar 
nature. Crushers 7 and. 8 are large-capacity recrushers and are used in 
Conjunction with large crushers to increase the output of 34- to 1}g-in 
material, Crushers 9 to 12 inclusive are suitable for producing small sizes of 
Tock in moderate capacities, They can be used advantageously to produce a 
Satisfactory feed for a pulverizer- 

The Telsmith jaw crusher has neither levers nor toggles. It comes in four 
Standard sizes, 12 to 30 h.p., with feed opening from 7 by 12 to 15 by 24 in., 
Smallest bottom advisable ranging from 34 to 2 in., largest from 114 to 314 in. 

Hourly capacity for an average grade of limestone varies from 3 to 38 tone, 

he Champion jaw crusher is used to a large extent as a secondary crusher 
although it can do moderate primary crushing with reductions from 8 to 1 in. 

‘Surly output ranges from 10 to 45 tons, with 15 to 50 h.p. Jaw opening 
Varies from 10 by 20 to 10 by 40 in., set to close from 34 to 134 in. 

The Buchanan jaw crusher is used fom small or medium planta or as a 
Secondary crusher in large plants. It comes in 10 standard sizes, from 4 to 
60 h.p., with jaw opening from 4 by 12 to 18 by 36. © Ten-hour capacities 
tinge from 8 to 375 tons for reduction to 44 to 2 in., and from 30 to 650 tons 
for reduction to 214 to 4 in. ‘The Fairmount comes in three sizes: the smallest 

аз a feed opening 24 by 60 in. and crushes 100 to 250 tons per hr. to 5 to, 

in; a médium size, 30- by 60-in. feed opening, crushes 150 to 500 tons to 6 to 
В їп, and a large size with 60- to 48-in. feed opening and an hourly capacity 
91 500 to 1500 tons, to 10 to 15 in. 

„Symons Disk Crusher. Crushing is done between two dish-shaped 
disks, rotating in the same direction at the same speed, their concave sides 
facing, The feed is introduced between the disks and thrown toward the 
periphery, where the finished product is discharged, Crushing is increased 
by an eccentric, which places the inner disk at an angle to the shaft киа the 
Outer disk. Table 3 gives the operating characteristics for this crusher, 


Table 3. Operating Characteristics for Symons Disk Crusher 


Size o Minimum 
HUE GE | eod, in, | exit open 
Ing, in. 
n 15 » y| sal s | eol ae liorz i | gsl 
24 25 и ма 12-15] 3 18-20 1 |20 25) 1м | 25- 30 
ri 35 х % [25-301 _ (30-45) 144 |45- 60) 2* | 50- 65) 
48 65 Џ Y jen] 1.5 10-80] 2° |80-100] 234° 100-120 
* Spesial, 


The Symons yertical-disk crusher is designed somewhat differently for 
Soarse crushing than for fine, the upper disks being slightly modified to suit 

© particular product. It has been used for racking graphite, schist, 
Pyrite, quartz, monazite, porphyry, copper ores, gravel, limestone, and coke. 
When used for coarse crushing, it can take materials up to 4.5 in. from a 

lake or а gyratory at а rate of 100 to 120 tons per hr., reducing it in one pass 
to Lin. or less, with the disks set about, 7$ in. open on the closed side, the 
Power requirement being about 65 h.p. Under different conditions it reduces 
3-10 4-in, material to 14 in. or finer in one pass, at а rate of 90 to 100 tons рег 
hr., with about 55 h.p Taking a feed of 11$ to 214 in., it handles 20 to 35 
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tons per hr., crushing to 14 in. and less with about 60 Бар, Ав a rule the-disks 
should not be set closer than 34 in. 

Cone Crushers, In recent years the cone crusher has tended to replace 
the disk crusher as well as many other types of secondary crushers, as it is 
better suited for finer sizing. The conical head rotates so rapidly that every 
piece of rock is pinched several times as it progresses through the crusher, and 
very little oversize reaches the discharge opening, An umbrella-shaped head 
is fixed оп a gyratory shaft without upper support or suspension bearing: 
Heavy springs hold the upper frame fixed; when choked by overfeeding or 
tramp iron, the springs allow the upper frame to rise at the point of stress. 
"The two common types are the Telsmith and the Symons (Fig: 1f). Operating 
characteristics for the two types are given in Table 4. 


Table 4. Operating Characteristics for Cone Crushers 
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Capacities, tons per hr. 


эйе E 
er ischaree ты 
"Type of erusbe горап; Discharge power 
а 
нь | win, | ж. | нь | ти. иһ, 
ыш : e + = 
3 15-20 | 20-25 |..... 25- 30) 30- 35]... e 
Ка 35-45 | 35:35 | 55- 70) 70- 90) 90:110111 
7 | 50-65 | 65-85 | 85-105 105-135 135-1701170-210] 75-100 
3 25 » 35 45 50 60 25- 30 
1% 20 25 
4и 1 55 70 80 85 90 50- 60 
% w пз fiso | 25-80 
"и 934 160 300 1275 300 375 150-200. 
Bymona 7 ft... .. 14 n 1330. 1450 500 600 250-300 


‘The Seymour impact crusher is à secondary crusher. There is a tendency 
with this crusher to produce a more cubical product and to decrease the 
wear and maintenance associated with the average impact crasher. "Tho 
velocity of the incoming feed is so timed in relation to the speed of the rotating 
impeller that the entire area of an impact plate strikes the material as it 
enters the crusher. The object is to utilize the full surface for crushing—the 
material, being struck at right angles with по slip, decreases wear on the crush- 
ing surfaces. After receiving its initial rushing by impact at the propeller, 
the material is projected horizontally forward and strikes a heavy top plate 
where it is further reduced in віле, Owing to the design, a great deal of the 
crushing is accomplished by material impinging on material, which tends to 
decrease wear and to give a more rounded product. 

This crusher has its greatest application in making chips, granules, and 
other finely crushed materials such as stone, sand, agstone, etc. It is particu- 
larly adapted for handling wet and dirty stone as there are no grids or grates 
to clog up. These units are manufactured in capacities from 25 to 225 tons 
per hr. using from 25 to 150 h.p. The exact capacity and power depend on 
the nature of the rock and the fineness of reduction. 

Rotary Crushers. These crushers operate on the same principle as an 
ordinary household coffee grinder. A rotating vertical shaft carries a cone 
with large teeth at the top, for initial crushing, and small teeth or furrows at 
the bottom for finer crushing. The shell—the upper part of the machine—is 
equipped with corresponding teeth. A No. 4 Bartlett and Snow crusher, 
operating on burned lime or gypsum, has an hourly capacity of 3 to 5 tons 
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Under Jf-in. size and requires 8 to 10 h.p.; a No. 1 small rotary grinds about 
£ ton per hr. with 3 to 4 h.p.; the No. 2 unit produces about twice as much 
With 4 to 5 h.p. In all cases the discharge is between 14 and 34 in. 

The Sturtevant is well adapted for fine crushing of burned lime, gypsum, 
dard clays, and phosphate rocks. It comes in five standard sizes, from 1 to 
25 h.p., with speeds ranging from 200 to 1150 rp.m. Hourly capacities, with 
Teductions to 14 in. and below, vary from 1 to 10 tons. 

Crushing Rolls. Theory. This term includes а variety of machinery 
Consisting of one or more cylinders rotating in a horizontal plane; the rolls 
May be smooth or corrugated, the same size or different sizes, and may run 
At the same or at different speeds. The simplest type consists of a single roll 
ивр against a breaker; it is generally used for fairly coarse crushing. 
For finer products ‘pairs of rolls are used, revolving toward each other. 
Arzall (Richards and Locke, “Textbook of Ore Dressing") gives the following 
formula for the diameter of rolls: 0.0476 D = Sn, where D is the roll diameter 
it inches, and Sn the diameter in inches of the maximum particle in the 
teed. "The angle of nip, the angle formed by the tangents to the roll faces at 
the point of contact with a particle to be crushed, is determined by the follow- 
ing formula; 


Where r = radius of rolls, а = one-half space between rolls, b = radius 
2E Particle, and N = angle of пір. The angle of nip varies from about 0 to 
leg. 

The capacity increases with the length and the diameter of the roll. When 
the rolls are kept full, the crushing is done not only by the action of the roll 
but by the attrition between the particles themselves. This is called "choke' 
fTushing. In free crushing the rolls are fed at such a rate that each particle 
| crushed and ejected before the next is nipped. Free crushing produces а 
Arger proportion of coarser sizes and is generally more advantageous, whereas 
Choke crushing is resorted to for the production of a fine product if other 
types of crushers are not found more suitable. 

One of the shafts moves in fixed bearings, the other in movable bearings. 
е distance between rolls is adjusted by shims ог, for medium or smaller 
rolls, by a set of gears. А nest of powerful springs holds the movable roll 
Against the shims. 

he following procedure may be used to determine operating characteristics 
$l тойа, bearing in mind that capacity is influenced by the character of the 
feed, fineness of reduction, and the required manner of operation. Capacity 
18 11 direct ratio to width and peripheral speed and may be calculated by the 
following formula: 


LTXWXxsS 


Ј 1728) 


Where C = cubic feet per minute, T = distance between rolls in inches, } = 
Width of rolls in inches, and S = peripheral speed in inches per minute. This 
fives the theoretical capacity and is based on the rolls discharging a con- 
inuous, solid, uniform ribbon of material. On account of irregularity in the 
feed, the value obtained for С should be divided by 4 to obtain actual capacity 

The peripheral speed at which rolls usually operate is from 500 to 1200 ft. 

t min, occasionally as high as 1500 ft. Economical range of reduction is 
ЧацаПу limited to а 12- to 16-mesh product. Roll diameter required for а 
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Table 5. Operating Characteristics for Traylor Roll Crushers 
‘ie of peodust, | 1 city, tons | 5 
Sis fro | Sise of product, | "Мак sie | Capacity t рон а 
Туре А: 
ШЕТ 2 в 
18 X 10 5 H 
24 12 10 10 
30 X 14 15 15 
3016 20 5 
36 X 16 3 5 
ох 35 3 
Type АА: 
48 x 18 E] @ 
54 x 20 65 70 
юх E » 
2x 100 10 
22% 30 130 15 
Table 6. Operating Characteristics for Bartlett and Snow Roll 
Crushers 
Capacity, tons рег hr for various-tixe | Horse power at glven eapacl- 
Rell seg У — oie Чез for various кшен 
леле. = —| Mux. size 
у | NELLO 
Ik 2n. 4. 152 | 2n. |31n. | 41n. 
ia in. | 
sf тт | | 
Singlo-roll Crushers 
3 we |a | as | 5s [6 | oo | 5] 6] | јо 8 
A 2 |5 | 90 | па | 130 | 140 | Z| 3| 2| 30] 5| M 
30 30 |120 |15 |25 |o |30 | | 55| 65| 60] 50) 20 
% в |з% |450 | 550 | 650 | 750 |120| мм №№ 24 


Capacity, tons per hr., for various- 


Horse power at given capacities for various 


"ize products ES 
мын № $ 1и [аи 
Ош. | D | ва. ик. зи. таа | | | [A ram 
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Given reduction is determined by the maximum size of feed which can be 
Tipped without slippage. This size is calculated from the formula 
2X = 0.087 + за 
where 2X -= the maximum візе of feed, r = radius of roll in inches, and 2а 
distance between roll faces (also see Tables 7a and 7b for determining roll 
characteristics). 

The Traylor rolls are made in two types, the four-tension rod type, and the 
heavy-duty type, both of which may be fitted with automatic lateral adjust- 
ments. Operating characteristics are given in Table 5. 

Bartlett and Snow Roll Crushers (Fig. 10). For many purposes the single- 
voll crusher is as satisfactory as the larger multiple-roll units. When crush- 

Table Та. Specifications of Buchanan Rolls 


T ] 
| Maximum 4:1 réduction 
| | ES 
Sine of ral in Anm | Hone Smooth Corrugated 
Size of | Distance | Sueof | Distance 
саће, in, | apart, in. | cube apart, fn. 
уре C and type OS: 
Рата usa | 30 | 1 н 2 и 
30 14 90-10 | 15-25 14 Ма зи ж 
36 16 80-125 | 20-35 T E] 3 ЕН 
SAX 16 70-100 | 30-45 т "в зи у 
0842 x 24 702100 | 4575 | 14 йв 3 ж 
тохи 6 85 | 5-80 2 и 4 
00 x 24 60-100 | 70-125 | z м 5 1и 
4K 60-100 | 75-150 | 24 ye En fe 
GREN 60-100 | 100-150. 24 % 5 в 
2X 4 50-85 | 125-172 3 5 6 t 
2X 30 50-85 | 150-200 3 5 6 и 
Вх 50-80 | 150-200 34 iHa ву 1% 
78 x 0 50-80 | 170-225 | 3 fe D 156 
ШЕР 50- 50 | 170-250 | зн He 684 Lj 


ing coal it should be confined to conditions where a product 114 in. or larger 
is desired, and where an excess of fines is not objectionable. his machine 
will turn out a product which will be satisfactory for stokers of the plunger 
type, but for chain-grade stokers requiring a more uniform size of coal the 
fwo-roll or the four-roll crushers give better results. The single-roll crusher 
Works by abrasion rather than by cracking, which accounts for the high per- 
féntage of fines, whereas the two-roll crusher cracks the coal. When the 
Capacity is large, or where the size of the product must be small, the four-roll 
Crusher is the most economical їп. Operating characteristics of the three 
types are given in Table 6, Тһе data are based on crushing bituminous coal. 
‘he Jeffrey single-roll crusher is available in sizes hs openings from 
18 by 18 in. to 36 by 54 in. with capacities of from 20 to 700 tons per hr. on 
hard bituminous coal. The power requirements vary from 7.5 h.p. for the 
Smallest size to 25 h.p. for the largest 
The Buchanan typo E roll crusher is also equipped with four steel tension 
Tods, two above and two below the bearings. Exch linear inch of roll surface 
develope a pressure of 12,000 to 36,000 Ib. per ва. in., equivalent to a crushing 
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strength of 35,000 to 100,000 Ib. per sq. in. of effective crushing surface (about 
0.3 of the width of the face). The rolls may be fitted with any type of shell, 
corrugated, grooved, or plain. 

For crushing coarse material the roll speed should be less than for fine 
material, especially when corrugated shells are used. For soft and brittle 


Table 7b. Capacities of Buchanan Rolls 


Cubic feet per hour 
Opening Speed of roll face, ft. per mln. 
fern 
sees, | 500 | 600 | 700 | 800 | 900 1,000 
Тасе of Roll, 14 In. 
ie 60 72 84 96 | 108 120) 69 83 97 Ш 125] 138 
120 | 144 | 168 | 192] 216 240) 138 | 166 194 222 250 276 
ie 182 | 216 | 252| 288 | 324 364| 208 | 249 291) 333] 375 414 
240 | 288 | 336| 384 | 32| 480) 277 | 332| Зав ма 30 552 
в 305 | 360 | 420 | 480 | 540 610) 
3 364 | 42| 504| 576 | 648 728 416 | 496 582] 666] 750 828 
4 486 | 576| 672| 768| 864 972] 555 | 664 776) B88 1,000) 1,104 
607 | 720 | 840 1080 | 1,214) 694 | 830 970) 1111] 1,250) 1,380 
729 | 864 | 1008 | 1152 | 1296 | 1,458) 833 1,164 1,332) 1,500) 16% 
1 850 | 1020 | 1176 | 1344 | 1512 | 1,700] 971 | 1162 | 1,358) 1,554) 1,750] 1,932 
1 960 | 1152 | 1344 | 1536 | 1728 | 1.944) 1111 | 1328 | 1,552] 1,776] 2,000) 2,222 
и рө Men |...-..| 1250 | 1494 | 1,746) 1,998) nen 248 
in. Face of Roll, 24 1n. 
624 694| 417 | 500 666] 750) 833 
936 | 1,040) 625 | 750 875] 999]. 1,125] 1,250 
4 1248 | 1,389) 833 | 1000 | 1,166) 1,332) 1,500] 1,666 
ж 1560 | 1,734) 
и 1872 | 2,082) 1250 | 1500 | 1.749] 1,998) 2250| 2,500 
1 2496 | 2,778] 1666 | 2000 | 2,332) 2,664) 3,000 3,333 
né 3120 | 3,472) 2080 | 2500 | 2,915) 3.330| 3,750) 4,165 
1и 3744 | 4,158) 2500 | 3000 | 3.498] 3,996) 4,200] 5,000 
1% 4368 | 4,858) 2917 | 3500 | 4,081) 4,662) 5,250) 5,831 
2 4992 1,556} 3333 | 4000 | 4,664] 5,328) 6,000) 6,666 
2 5625 | 6250] 3750 | 4500 | 5207) 51994) 6750) 7497 
24 .... |......| 4168 | 5000 | 5,830) 6,666| 7,500] 8,334 
Ее of Roll, 30 In. Fuge of Roll, 36 In, 
н 780 | 937 | 1094 | 1250 | 1406 | 1,560) 936 | 1122 | 1,308) 1,494 1,680) 1,972 
и 1041 | 1248 | 1460 | 1660 | 1870 | 2,082) 1250 | 1496 | 1,744] 1,992) 2,240) 2,500 
% 1302 | 1560 | 1825 | 2080 | 2350 | 2.600 
EH 1562 | 1874 | 2188 | 2500 | 2812 | 3,120) 1872 | 2244 | 2.616] 2988| 3360) 3,744 
т 2083 2920 | 3330 | 3745 | 4167, 2992 | 3,488) 3,984| 4,480) 5,000 
i 2605 | 3120 | 3650 | 4160 | 4680 | 5,200) 3124 | 3740 4360) 4,980 5,600) 6,248 
1 3124 | 3744 | 4380 | 5000 | 5016 | 6250] 3750 | 4488 | 5.232 5976 6,720) 7500 
14 3645 | 4370 | 5100 | 5824 | 6550 | 7,290] 
2 4167 | 5000 | 5840 | 6660 | 7500 | 8,334| 5000 | 5984 | 6,976) 7.968| 8,960| 10,000 
24 4687 | 5616 | 6570 | 7490 | 8425 | 9,374) 5624 | 6732 | 7,848) 8,964 10,080) 11,248. 
24 5207 | 6240 | 7300 | 8320 | 9370 | 10,400) 6250 | 7480 | 8,720) 9,960] 11,200 | 12.500 
3 tise nm nnm fenes] 7300 | 8976 | 10/464) 11,952] 13440] 15,000 


materials a much higher speed may be used than given in the table, although 
a higher linear speed than 1500 ft. per min. is not advisable. ‘The reduction 
ratio of 4:1 should not be exceeded; in fact, when feeding large pieces, espe- 
tially if the rock is hard, it is advisable not to attempt а 4:1 reduction; 3:1 
ог even 2,5:1 gives better results, For small material, about one-third or one- 
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Quarter of the actual thickness that the rolls will nip, а reduction of 811 or 
Sven higher may be made with satisfactory results, if а preponderance of 


fines is not objectionable. Operating characteristics of the rolls are given in 
Tables 7a and 7. 


his make ‘The nearest proper roll dinmeter is 64 in, and the face 
of the roll 


We note from the table that 
ity for this condition is 800 ft. per min.; 800 + 16.66 = 48 r.p.m., 
‘Thus the 64in, diameter by 24-in. face corrugated rolls at 50 r.p.m. 
0 tons of rock per hr. from 5.25 in. down to 1.75 in. 


Tha Patterson gyrocentric crusher illustrated in Fig. 1b has a single moving 
Part—the manganese roll which by rapid gyro-eccentric motion operates 
Seainst:two concave manganese crushing plates. The roll fitted with a shell 

908 not revolve with the shaft but creeps slowly, thus distributing the wear 
Over the entire surface. ‘The revolving eccentric shaft imparts the gyro- 
fecentrio motion to the roll, there being two crushing strokes to each revolu- 
tion. The crushing action is compressive, which tends to produce a low 
Percentage of fines, The standard size machines have а production range 
from 14 to 114 in. in size with corresponding capacities from 15 to 85 tons per 

Our with a power consumption of from 1g to 1 h.p. per ton of material 
Crushed, 


Table 8, Screen Test of Product from Steam Stamp Mill 


SEA RR RA RR RE AL E 
СЕЕ зоид вова éo 1'00 mosh 
44.5% | па | 7.0% | 62% | 4.8% | 3.0% | 22.2% | 12% 


Table 9. Operating Characteristics of Gravity Stamp Mill 


Welght of in, | Height of drop, Tons per etas кери, 
warp et | Drope per min, | Height of drop | эү. ет stam, ga 
250 100 7 0048 | 25 EH 
90 88 10,5 9.0220, 4 73 

1050 95-08 5.58.0 0.0235 3.875 5 
1500“ pitch таје 0:0197 805.5 ШЕП 


| 
* Nimen stamp, АШ others regular five-stamp mortars, 


Stamp Mills. Crushing is effected by the blow of a pestle or stamp upon 
Material resting їп а mortar. The end of the stamp, the shoe, and the bottom 
Sf the mortar, the die, are replaceable. Two main types are used, the steam 
amp and the gravity stamp. Grinding in water is the usual practice, the 
‘rushed product being then discharged through a screen. The use of five 
Stamps in one mortar is almost invariable in this country. Table 8 gives the 
Sizing test of a pulp from a steam stamp crushing through a 56-1п. round bole, 

e capacity of the stamp in this case was 653 tons per 24 hr. 
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‘The Rose pounder is in reality a stamp, It is used for crushing materiala 
such as cochineal, olibanum, mustard, and other oily seeds. This unit is 
made singly or in multiples of any number. Operating results obtained in 
modern gravity stamp mills is given in Table 9. 

Ball Mills, Tube Mills, and Pebble Mills (Fig. 1d). These mills have 
а cylindrical, conical, or spheroidal shell, rotating on a horizontal axis and 
charged with a grinding medium such as balls of steel, flint, porcelain, wood, 
or hard rubber, or with steel rods. The hall mill differs from the tube mill 
by being short in length; the length, as a rule, does not exceed the diameter. 
Standard ball mills use large balls on a coarse feed to produce а. comparatively 
coarse product; the tube mill is usually long in comparison with the diameter, 
used smaller balls, and produces a finer product. The sompartinent mill, a 
combination of the above types, consists of a cylinder divided into two or more 
sections by perforated partitions; preliminary crushing takes place at one 
end and finishing crushing at the discharge end. Rod mills are similar to 
tube mills but use rods as the grinding medium, depending on line contact 
instead of point contact for grinding. Rod mills deliver a more uniform 
and more granular product than other revolving mills, thus minimising the 
percentage of fines which are detrimental in some industries. The pebble 
mill is а tube mill with flint pebbles as the grinding medium and is lined with 
silex or other non-metallic liners. The pot mill consists of a spheroidal shell 
with an inner bowl made of one solid piece of vitreous material. 

Theory of the Ball Milt. It is difficult to formulate a general theory of the 
operation of а ball mill. Most of the research work on the subject has been 
done with various types of ores and, to a lesser extent, with cement clinker. 
When it is realized that the ball mill is used for wet айа dry grinding, for 
batch, continuous, and closed-circuit grinding of materials with such diverse 
characteristics as hard silica, ores ground dry, and a mixture of oil and soft 
pigments, it will be appreciated that it is impossible to give general formulas 
valid for all operating conditions. 

Experimental evidence presented in a paper by Coghill and DeVane; 
(Ball-mill Grinding, U.S. Bur. Mines, Tech. Paper 581, 1937) causes the 
authors to draw the following conclusions: 


1. In wet-batch ball milling with ore charges from 200 to 850 pounds (about 75 pounds 
of ore was required to fill the interstices of the bulls at rest) and speeds from 30 {о 80 
per cent critical, the slow speed gave the same type of grinding as high speed, Heavy 
ore charges yielded a little more selective grinding of the coarse particles than light 
charges, Best capacities were obtained with light charges and slightly better effi- 
ciencies were obtained with heavy ore charges. To split hairs about efficiencies at 
various speeds the reader will have to study the table and be his own judge. 

2, Some of the characteristics of dry-batch ball milling were unlike those of wot 
grinding. In the dry work, efficiency as well as capacity was best with the light 
charge, Power decreased with decrease in the amount of ore in the mill 
it increased with а decrease in the amount of ore in the mill. In dry grinding high 
speed was more efficient than low speed. 3 

3. In comparing wet and dry grinding the tests were paired so that all the sot varia- 
bles were the sume, except pulp consistency (wet or dry), With an intermediate weight 
of ore charge, selective grinding was of the same degree; with a heavy ore charge, wot 
grinding waa more selective, and with the light ore charge, dry grinding was mora 
selective. 

4. In comparing wet and dry open-cirouit ball milling, wet grinding gave 30 рог cent 
more capacity and 26 рег cent more effi 

5. А small ball volume was not satisfactory in the overflow type of dry mill because 
too much ore built up in the mill. When building up of the ore was prevented by 
simulating the low'pulp-level mill, the small ball volume did good work. 
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8, With 60 ner cent solids, pebbles the same size as balls did about the same typé of 
ТОК да balls when dolomite was ground, bui they failed in selective grinding of chert. 
ом дү, about 35 per cent of the capacity and 81 per cent of the efficiency shown. 
y the balls, 
7. Рог hard and medium-hard ores, tetrahedron were uusatisfactory for coarse 
Finding, 
8. Very hard balls (Ni-hard) were better than ordinary Balls; this was particularly 
“o when the ore was very hard. 
9. The efficiency: of battered reject balls was about T1 per cent less than that of new 
herical balls, 
тЫ A ball mill as small as 19 by 36 inches duplicated the work of a plant-size mill, 
he teats led to the belief that if cach of а variety of mille, large or small, is run under 
'e same conditions, and if each applies a unit of work to a unit of ore, the effect (com- 
fuintttion) ns indicated Ђу the produete, will be the same—that is, the same relation 
PetWeen cause and effect will maintain. 


вр 


The F, L. Smidth and Company's mills find their principal use in cement 
Plants; the best known types are the Kominutor, straight tube, Uni-Kom, 
Nidan, and the Pyrator. 

 dry-tube mill is usually fed by a table feeder ог а cradle feeder. It has 
lox or dragpeb lining. Flint pebbles are used with silex lining, and cylpebs in 
"а with dragpeb lining. Тһе wet-tube mill is usually fed by gravity from 
“slurry trough in the form of an orifice or scoop feeder, It is furnished with 
Peripheral or central discharge. 

ће Kominutor is a screen-type mill operated in closed circuit, usually the 
first! in n two-stage unit where reduction is carried only to the size of a rather 
{purse mesh, which is fed to tube mills for final grinding. For dry grinding, 
the tuble feeder or cradle feeder is used. In wet grinding, water is added at 
Бе [еей hopper, passing the slurry produced through the mill as in dry 
Маф, 
p The Uni-Kom ів а four-compartment mill, a section with large diameter 
ming the first compartment, with a section of small diameter divided into 
"to compartments. "The enlarged section is fitted with liner plntes.and a 
Tbetial screening arrangement. which by-passes fines to the first compartment, 
11 the second section and returns oversize to the granulating compartment for 
further reduction. "The first chamber of the second section is equipped with 
nding balls, the following compartments with cylpebs, graded downward 
1 ize, 
The Unidan mill is а compartment mill, with three or more compartments, 
equally well suited for wet and dry grinding. Balla are used in the first 
;ompartment, which is also equipped with liners. The compartments for fine 
Stinding are equipped with special rings and steel-alloy lining and with cylpebs 
faded downward in size toward the discharge end. Ап added feature of the 
ill is а special screen arrangement mounted within the mill body; the mate- 
“al does not leave the mill body until finally discharged at the outlet end. 

е Pyrator mill is used for granulating, pulverizing, and drying damp 
Material in a single unit; it consists of a two-compartment tube mill comprising 
û ball chamber with liners; a combined screening and ball-separating parti- 
Hon, and a fine-grinding chamber with special ring and alloy lining and cylpebs 
aa grinding medium. ‘The steel balls are heated and have the double capacity 
Gf acting as grinding medium and supplying the heat required for drying. 

Ot nir circulates around the mill body which is provided with a jacket to 
retain the hot air in closed circuit, and the mill is provided with means for 
se moving the bulls, which are elevated, hested in a hot-air furnace, and 
returned to the feed end. When the material does not contain an excessive 
Amount of moisture, this unit is very efficient, compact, and economical. 
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"The Allis-Chalmers ball granulator is used for crushing 2- to 3-in, ore to а 
fineness of 10 to 80 mesh and also as a fine grinder for reducing 8- to 20-mesh 
material to —100 to —200 mesh. It has а variable pulp level which may be 
controlled to ensure maximum efficiency and is made in 25 standard sizes, 
from 3 by 5 ft. to 1014 by 12 ft. and from 25 to 750 h.p. Capacities range 
from 20 to 385 tons per 24 hr., reducing medium-hard quartz from 2 in. to 
48 mesh, and from 30 to 600 tons with reduction from 2 in. to 14 mesh. The 
speed for the largest types is 17 r.p.m., and for the smallest 44 r.p.m. 

The Marcy ball mill, used extensively for wet and dry grinding of ores, 
grinds a 214-in, feed to 8 mesh without use of screens or classifiers. Operating 
characteristics, on 214-in. feed, medium-hard rock, are given in Table 10. 


Table 10, Operating Characteristics of Marcy Ball Mills 
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Capacity, tons per hr. 


Sue | Usual | Home | speed, 


S [dee Шыр m | و‎ | —9 | - | ze] вә | № 
mesh | mesh mesh mesh wesh mesh. 

3х2 1,000 6- 8 35 20 15 20 | 10 7 4 
4x3 2,500 15- 20 ЕД 50 38 30 25 18 11 
5х4 5,000 30- 40 29 125 94 80 63 4 5 
6x45 9,000 65- 90 25 360 5 180 150 105 60 
2x5 18,000 | 100-150 2 655 490 390 35 230 130 
BX6 28,000 | 150-225 n 1000 750 600 500 360 200 


‘The Solo tube mill is widely used in the cement industry; it is а compart- 
ment mill, generally with three compartments, "The tment Ја 
Joaded with balls ranging from 3 to 5 in.; the intermediate compartment, has 
1- to 2in, balls, and the finishing compartment 7-in. balls, Operating 
characteristics of a mill grinding cement are given in Table 11. 


Table 11. Operating Data of Solo Tube Mill, Grinding Cement 


Bise, diam. and length, ft...... m PE 6x36 m X 39.5 | 7.25 x 43 | 8x 495 
m ЕЕ Нина 21 19 à 
Number of compartments... 3 3 3 3 
ise of feed, n. 5 15 15 H 25 
‚% through 200 mesh. ..,... 8+ BB+ 88+ 88+ 
‘Tons per hour оп raw mix., 15 18 28 40 
ВЫ. per hour clinker, , 50 60 95 135 


Improvements have recently been made іп the design of the Solo mill by 
using it in conjunction with a special air separator which increases the capacity 
and fineness when grinding cement clinker. 

The Allix-Chalmera Сотређ mill has two or more compartments; reduc 
from 134 in. to finished product is made in опе operation, as grinding cement 
clinker to а fineness of from 85 to 98 per cent through 200 mesh. It operates 
more efficiently in closed circuit. Standard mills are available in sizes up to 
10 ft. in diameter and 50 ft. long. The preliminary or short compartment is 
charged with 2- to 5-in. forged steel balls, proportioned to give maximum 
efficiency; the finishing compartments haye concavex grinding mediums, 
balls presenting hoth a concave and a convex surface, which have been found 
superior to spheroids. 

Тһе Hardinge conical mill is used extensively for wet and dry grinding, 
in open circuit and in closed circuit. A mixed load of large and small balls 
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is used; the large balls assemble at the feed end where the diameter is largest, 
While the small balls arrange themselves in decreasing sizes toward the dis- 
charge with the material to be crushed arranged in corresponding manner. 
Several types of feeders are used. Scoop feeders work best for wet materials: 
(ог smaller mills, grinding both wet and dry, the conical feeder is satisfactory. 
Drum feeders are used primarily for large ball and pebble mills, grinding wet, 
Where the material is fed directly into the mill. A combination drum and 
Scoop feeder is used for coarse feed, at the same time picking up oversize 
from the classifier. This combination is capable of handling any quantity, 


To atmosphere ~~~ 


Product collector -_ 
Air and finished produer- 
Port indicating dli) 
Ports in inner сопе. ~ 


Adjustable sleeve- 
Inner cone of classifier === 


Outer cone of classi 


Upper return damper- 


Ат lock in classifier 


Oversize return pipe 


‘and very small amount of tine product 


C— Air return to system 
< N Excess ог leakage air-rmorsfure 


Reversing aim currents ff 
7 


3 


Fro. 2.—Hardinge conical mill with superfine air classifier, 


Which the mill may be capable of grinding, in addition to a circulating load 
Of 1000 percent. For dry grinding in small diameter trunnion mills or where 
Capacities are very high, a screw feeder must be used. Hardinge wet grinding 
mills are now supplied with discharge arrangements for high, medium, ог 
low pulp levels, depending upon the characteristics of the ore and product 
desired. For fine or medium products the high pulp-level discharge spout or 
the standard discharge spout with cone grate is supplied. When a granular 
Product or very high circulating load is desired, the low pulp-level discharge, 
Which consists of a conical grate with discharge scoops, is used. A similar 
discharge arrangement is used in dry grinding mills for granular producta 
Such ns glass, sand, or abrasives. 

‘The mill is fed by a Hardinge constant-weight belt feeder, which is 98 per cent. 
accurate, thus making it possible for the operator to keep a record of the 
Weight of the material fed. Tt is по longer necessary to use an enclosed type 
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of feeder, as the feed end of the mill is under a partial vacuum and a slight 
suction is maintained at the feed chute to draw any dust into the mill. 


Table 12. Operation Characteristics of Hardinge Ball Mills 
Ace. wiht. | | Capacity; tons per 24r, 
icd 7 quee ВИ] реа, | Hore. 

Bud | | | e power | тући, to | into | ВБюю 
Min | Lining | В| Toren | б, | “90%, | 98% 
ми ining | pebbles | | through | through | through 

| | 100 mesh | 200 mesh | 325 mesh 
7 xS м | 1 4 3 
jur Rw| 8100 5 | 8 36 
^ %48 |: 17000 2 | 14 108 
w Хај 2700 160 360 252 
1 Хеб" | 51.000 350 840 00 
1% în. to | Hln. to | 36 in, to 
{Û mesh | 80 mosh | 200 mesh 
2 xS 90 2 ПЕ. 24 
aw Х 24 800 ю | 2 0 2 
$^ авн) 17000 % | 66 BO n 
w %48 | 2700 1 | 15 550 260 
т 667 | 51000 7 | 320 | по 550 
Hln, to 
| 65 mosh 
aiio, M 2 м Ww) 1 
ur R 30 10 ИЙ Wad E 
6 xa Z|n 75 50 
м ха A | 5 wo | 120 
I xe в | 150 450 300 
Closed elrouit, 
to 48 mosh 
т хм) ою) жа 5 | 42 и 2 nd 
4w X24 аю | 230 | 240| 30 12 5 9 
6 А87) 12000 | 5000 | 850 | 27 30 54 % 
e ka| 1700 | 14.000 | ою) 2 | 62 120 8 
w 0607] 32000 | 20000 | 28000 | 18 | 160 336 216 


Hardinge air classifiers operate on the principle of reversed air currents, 
air being injected at the discharge end. 
grinding zone and is drawn back to the discharge end carrying the product 


with it. 


Тре current reverses itself in the 


Oversize drops out in the classifier above the mill and returns by 


gravity either to the feed end of the mill where it enters with the new feed 
or to the discharge end where it is pushed up by the incoming nir current jand 


blown back into the grinding zone. 


Two types are used, the superfine 


classifier for products from 60 to 325 mesh and the loop classifier for products 


from 10 to 60 mesh. 
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„ The superfine classifier is shown in Fig. 2 (see Air Separation). Airis blown 
into the mill through the central pipe. As the air is withdrawn around the 
Pipe, the coarse oversize drops into the rotary classifier revolving with the 
mill. The classifier is elevated to return the oversize to the mill by gravity. 
Tn the superfine section the product is classified further as it passes up 
between the two cones within the classifier. The] finished product is blown 
to a cyclone collector, and the air from the cyclone is returned to the fan, 
Which completes the cycle. 

All Hardinge mills are lined with metal or flint liners, either of the wedge- 
bar or the wave and rib type. The wearing bar of the wedge-bar type is 
made of chrome steel, and it serves the threefold purpose of taking the major 
impact of the balls, lifting the mass, and holding the plates in place. 

The mills are equipped with special grates to prevent surges and to keep 
the balls from discharging. Operating characteristics for various types of 
Hardinge mills, operating in open and closed circuit, are given in Table 12. 

_ The first five rows refer to dry grinding in ball mill in closed circuit with 
air classifier; the second Ауе to wet grinding in ball mill; the third five to wet 
grinding in pebble mill; and the last five to dry grinding in pebble mill, open 
und closed circuit. The material ground is assumed to be of average hardness. 

The Marcy open-end rod mill is designed for a heavy, slowly revolving rod 
mass and a low pulp line, permitting easy inspection and relining. Tt takes 
а Та. feed, reducing it in one pass to 8 to 20 mesh; the uniformity is explained 
by the fact’ that а mill with low pulp line does not make a displacement prod- 
uct, ns the difference in eleyation of feed and discharge ensures rapid removal 
of the finished product. Whereveria fine product is desired, closed-circuit 
grinding is employed. "Ten standard sizes are made, ranging from 1 by 2 ft. 
to 7 by 15 ft., with 1 to 175 h.p., and 35 r.p.m. for smallest size to 15 r.p.m. 
for the largest. Grinding а medium-hard rock to 8 mesh, the capacity varies 
from 23 to 1280 tons per 24 hr., to 48 mesh from 12 to 640 tons, and to 100 
mesh from 5 to 204 tons. ‘These figures are for wet grinding and should be 
Feduced by about 30 per cent for dry grinding; for very hard rocks they should 
be reduced by about one-half; for very soft rocks they should be doubled. 


Table 13, Characteristics of Allis-Chalmers Rod Mill, Grinding 
Medium-hard Quartz 


Hone power | Capacity, tous per 24 hr. 
У Rod —»[óm F 1- ي‎ 
б, | harge, 1 lo. to 20 mesh Yû fn. to 60 mesh 
с D Dry Ta hl rcm im 
| Dry | Wa | ву | Wet 
[чуч ТШЕ" | ҮР 

3% 6 | m 5 5 5 
3% 8 2 Е 15 @ 
198 6 E: ii 20 10 
4510 55 % 15 300 10 
5% 10 100 8) 300 300 25 
6x12 | 47500 | № 15 550 800 350 


The Allis-Chalmers rod mill is designed for both wet and dry grinding; the 
main difference between the two types is that mills for dry grinding have 
trunnion bearings cooled by water circulating through coils placed in the 
babbitt metal. Table 13 gives the operating characteristics for grinding 
medium-hard quartz to 20 and {о 60 mesh. 
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The Traylor той mill is built to stand up under hard duty and, with the 
exception of a few details, is of the same general design as the Traylor ball 
mil. It is built in sizes to handle 56 to 1500 tons per 24 hr, from minus 1-in. 
feed size to 20-mesh product size or 4 to 100 tons per 24 hr. from minus 1 in. 
to 200 mesh when wet-grinding ores of medium crushing resistance in closed 
circuit, 

Jar mills, used extensively for small batches, are made of metal, porcelain, 
or glass, with grinding mediums suited to the material pulverized. They 
may be used for wet and dry grinding and should have a feed of about 8 mesh. 
Table 14 gives the sizes and capacities of the Abbe porcelain jar mill. 


Table 14. Sizes and Capacities of Abbe Porcelain Jar Mill 
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| Capacity 
Outside Content, 
Туре dium, in. Dey harge | rnit mi 

| [e] charge. 
ішер. | 5.20 5.71 | 4 pt. 0.25 
5.75 6.50 ] pt 0.35 
8.75 9.65 3 pt 1.25 
12.50 9.60 1 at. 234 
| то 12:50 134 gal, 4:00 
| 14.75 16.50 2 ml 6,50 
17.72 10.00 214 gal. 7,67 
17.72 18.70 5t gal. 15.50 
& 22.50 19.00 7У gal. 23.50 
Domestic, „......,:... | "5 13.68 ТМ gal. 400 


"The Day triturator is air tight to prevent evaporation, and the charge does 
пој come їп contact with metal. It is generally used for triturating, grinding, 
pulverizing fine art colors, better grades of chewing gum, patent drugs, and 
similar materials. ‘The inner jar їз of heavy porcelain, the outer of heavy 
sheet iron. Operating characteristics of two simple units are given in Table 
15. 


Table 15. Operating Characteristics of the Day Triturator 


| | 
^ Inside Inside | Capacity, Horse 
Fie of alll diam, in, depth, in. | gal. required 
1 jar. " n 13 3 и 
Е ANNE WE OE 


The Day pot mill can, if required, be equipped with an inner bowl of one 
solid piece of vitreous material with grinding balls of the same material. 
Operating characteristics are given in Table 10. 

Pan Mills, Edge-runner mills, chasers, Chilean mills, and dry and wet 
pans are included under the general head of pan mills (Fig. 14). "The pan mill 
consists of one or more rollers revolving in a pan; the pan may remain station- 
ary and the rollers be driven, ог the pan may be driven while the rolls revolve 
by friction. In some types the rolls (mullers) are made of stone; in others they 
are of stone equipped with steel tire or of iron with steel tire, Iron scrapers 
or plows at а proper angle feed the material under the rolls; In wet grinding 
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the pulp is fed into the center of the рап and distributed Бу pipe in front of the 
Tunners. "The height of the pan is varied by an adjustable curtain over which 


Table 16. Operating Characteristics of the Day Pot Mill 


Tyre Capacity, | Balls used ipw е power Lee 
6 +48. 1 
H F01 1 2 
$ 85 310. 1 50 
El 5-10 Ib, i 50 
50 FIOM. 3 5 


the material discharges. Fineness of product is regulated by height of curtain 
and volume of water. 

In the Bonnot pan the rolls are suspended by adjustable chains to permit 
regulation of the clearance between rolls and pan. The dry pan has а bottom 
fitted with sereen or perforated plates along the outer edge with perforations 
Varying from 216 to Šg in. Тһе diameter varies from 514 to 10 ft., capacities 
from 1 to 6 tons per hr., and power consumption from 2 pu per ton for soft; 
material, coarsely crushed, to about 8 h.p. per ton for medium-hard material 
when a comparatively fine product is made. 

The Rosa pan ја used for dry and semidry materials such ва enamel and 
glass which must be kept free from iron. In a standard machine the bed 
Stone is 4 ft, 6 in, in diameter, rolls 36 іп. in diameter by 14 in. face. | Rolle 
are of bubr or other stones. Tf contamination is of no consequence, mills are 
built with iron bed and iron rolls, Operating characteristics of a chaser mill 
Are given in Table 17. 


Table 17. Operating Characteristics of а Chaser Mill 


Capacity, Ib. pet hr. 


Био of pan Horee power 
‘Licorice Dalmatian flowers Copper oxide. 
yo 50 35 200 3-7 
ув 120 85 450 5.0- 7.5 
ту 250 175 1200 10 -12 


Attrition Mills (Fig. 1j). The term “attrition mill" is generally applied 
to a mill in which grinding takes place between two disks, of steel or stone, 
Totating in a horizontal or a vertical plane. In some machines each disk is on 
an independent shaft, separately driven and rotating in opposite directions. 
Tn another type one of the disks is stationary. Each disk hus bolted to its 
face grinding plates which may be removed for regrinding or replacement. 
Mills of this type are used for grinding seeds, hops, casein, leather, beans, 
nuts, cereals, and wood pulp. Among the prominent types is the Sprout- 
Waldron Monarch, operating characteristics of which are given in Table 18. 

Buhretone Mills (Fig. 1p). This mill is an attrition mill, hard circular stones 
serving as grinding mediums, generally French, American, ог esopus buhr- 
stones; rock emery or combination of French buhr and esopus or of pebble grit 
and emery rock are also used. Buhrstone mills are used extensively in the 
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milling industry for grinding cereals and grains. Other uses include grinding 
of minerals, colors, spices, and mineral pigments; reduction of cork and saw- 
dust; wet grinding of enamels, mica, drop blocks, and polishing rouge, Feed 
enters the mill through a hole of one of the stones. Tt is distributed between 
the stone faces and ground while working its way to the periphery, 


Table 18. Operating Characteristics of the Monarch Attrition Mill 


| ње | жэ | ња 


Wheat to flour, bu. per hr..... 1 4 é 8 
Power required, hp. 2 3 5 
‘Wheat to meal, bu, per hr, 10 5 5 
Power required, h.p. jets 5 1 
Cork ground, Ib. per he. Я E] 75 100 
Power required, hp. . 15 20 25 
Sawdust ground, th. per hr. 100 us 150 
Power required, h.p... | 15 20 5 
Coffee ground, Ib. | «о 800 
‘Power require | 5 7 10 


"The Sturtevant rock-emery mill is made in two types, и horizontal and a 
vertical; the former is made in one size and has 42-in. stones; it requires 15 
to 20 h.p. and produces 3 to 4 tons per hr. of 20-mesh product, 2 to 2.5 tons 
00 mesh, 1 to 1.5 tons 80 mesh, and 0.5 to 1 ton 100 mesh. Four standard 
sizes are made of the vertical mill, with 24-, 30-, 36-, and 42-in. stones, requir- 
ing 12 to 15, 18 to 20, 30 to 35, and 45 to 80 h.p. Hourly capacities range 
from 1.5 to 15 tons for 20 mesh, 1 to 12 tons for 60 mesh, 0.5 to 7 tons for 80 
mesh, and 0.25 to 5 tons for 100 mesh. This mill is used for grinding coal and 
coke for foundry facing, shale, talc, siennas, ochers, and umbers. For ve 
fine grind operate in closed circuit with a bolting reel or, in more recent 
installations, with an air separator. 

‘The Ross conical buhratone mill is especially adapted where the available 
head room is small. The material ground in this mill remains fairly cool, ав 
the grinding is accomplished on a small circumference at high speed so that 
the material passes through the stones very quickly. The stones can be 
adjusted for fine or course grinding and granulating or for cracking materials 
as hominy'and samp, Table 19 gives the operating characteristics for this 
mill. 


Table 19. Operating Characteristics of Ross Conical Buhrstone Mill 


| Capacity, lb. per ће. 


[к [cam | Gam | се 
| 


Bize, Speed, Мах. 
in, rpm. |horse power 


16 x | | 1200 300 
E] 550 
24 1700 50 1200 
E] 
36 
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The Robinson Unique mill is equipped with arms slightly curved toward the 
closed head and forming а cup-shaped cavity back of the arms adjacent to the 
‘eed spout. The material passes down the spout and enters the cavity where 
the centrifugal force tends to move it through the eye and keep a continuous 
flow of material to the grinding plates. 10 is also equipped with n tramming 
device to overcome the possibility of the disks being thrown slightly out of 
tram by stalling the mill, or by some unusual strain. Operating characteris- 
Чев are shown in Table 20. 


Table 20. Operating Characteristics of Robinson Unique Attrition 


Mill 
Capacity, Ib. per br. 

Size, Speed, Max. 
№. rpm.. | horse power ] 

Салата кон | Раша | Borax Mustard 
16 2400 5 | во 1.800 "- 850 
18 220 20 "€: > 2800. 
2 1900 30 3500 
26 o | 3 2200 4500 5 2500 
32 1400 80 8,200 
36 1300 100 | 10,000 


The Quaker City drug and chemical mills are used Tor grinding strychnine 
Beed, nux vomica, albumen, larkepur seed, sarsaparilla root, slippery-elm bark, 
Bum benzoin, myrrh, gum guaiacum, vanilla beans, and the general run of 
teedi, herbs, spices, and chemicals. Operating characteristics of several sizes 
аге given in ‘Table 21. 


Table 21. Operating Characteristics of Quaker City Mills 


Type Capacity, ton | Spe, ера | Weight, Ib. Horse power 
50-100 175-250 125 1-3 
200-350 200-300 174 1-3 
300-450 200-400 250 3-8 
450-600 200-600 400 8-15 


This type is also made for hand power with capacities from 20 to 75 Ih. 
ber hr, "Phe laboratory mills are made with interchangeable grinding units 
and may be used for both wet and dry grinding. Changing of units may be 
done quickly, and it is advisable to keep several units on hand, one for euch 
type of material handled. Operating characteristics are given in Table 22. 


Table 92, Operating Characteristics of Quaker City Laboratory Mill 
Bixe of pulveriser. kets se seb + Model 4-Е 


ired (total). . . и 


Weight, including motor, Ib 150 
Length of base, їп... А 27 
Width of base, E 12 
Height of mill, 16 
Fineness of product, mesh. < 75-100 
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The Bauer айгйїоп mill with suspended motor construction allows the 
rotors always to be in direct center and ensures uniform air gap or spacing. 
Plate diameters vary from 19 to 36 in. for the various size mills. 

The Frigidisc grinder is а rugged heavy-duty attrition mill developed for 
the rubber reclaiming industry, The mill is especially suitable for products 
that must be ground with а minimum rise in temperature, such as reclaimed 
tire-tread scrap, synthetic rubber, and other products of a tough, resilient 
nature. Both the stationary and moving grinding disks are cooled with a 
circulating liquid so that a high pressure can be exerted on them. The mill 
can be driven with a 25-h.p. motor. 

Hammer Mills (Fig. 1c). This type of mill consists of a horizontal or a 
vertical shaft, rotating at high speed, on which is mounted the crushing ele- 
ment, which may consist of hammers (fixed or pivoted), bars, or rings. Ham- 
mer mills may be used to produce a finished product or to produce a feed 
suitable for a tube mill. Most types reduce the material by impact, while 
the material is in suspension, driving it against a breaker plate where a great 
deal of reduction takes place, А cylindrical cage or screen is placed under tho 
hammers. When the material is reduced to the proper fineness, it is dis- 
charged through the openings in the cage. The cage may consist of a per- 
forated or slotted screen or of bars arranged in a manner similar to grate bars. 
‘The fineness of the finished product can be regulated by changing the spacing 


Table 23. Operating Characteristics for Williams Hammer Mills 


Capacity, tons limestone per hr. 


Throat 
She | The Horse 
Туре No, | "Pains. Asphaltio, | power 

4 in | мы | Win or 

finer 
4 | 2x16 100 @ a | m 
6 | 332 165 | 10 3 | 15 
8 | 30x26 20 | м | 50-55 250 
10 | 3x50 50 | 200 | 65-70 350 
4 | DXA 5040 | 2. | 225 5 
6 | 36224 i | с. | 333 150 
8 | мха 200 45-50 25 
1| UXA 15-20 ap | 80 | 258 
2 | 2524 20-30 at | 12-151. 40-50 
4 | 2X24 50 ш | 235-| 59 
6 | 625024 075 94 | 35-0 150 


* Capacilies based on producing the average grade of agstone, 
{ Capacities based on producing waste glass Г in, and under. 


of the cage bars and also by lengthening or shortening the hammers, Tho 
character of the finished product is determined to а largo extent by the shape 
of the cage bars and the shape of the hammers. The hammer mill is made 
їп а great many types and sizes and can be used on a greater variety of 
materials than any other type of machine. It can be used as а crusher, taking 
run-of-mine coal or rock 48 in. or over in size and reducing it in one operation 
to 116 in. and finer. On the other hand, this type of machine is used for 
producing a finely pulverized material, taking 1$-in. feed and reducing it to а 
practically 200-mesh product. The type capable of producing an extremely 
fine product is usually equipped with air separation, particularly if the product 
to be reduced is hard. 
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The Williams machines are built in many types and sizes and may be 
equipped with various adjuncts permitting the use of wet, sticky feed. In 
the roll type, the breaker plate is replaced by а revolving roll which keeps the 
Incoming material agitated. The roll may be heated by steam or electricity 
to prevent adhesion. Рог wet material no cage is used for regulation of the 
fineness, but the cages are replaced with corrugated grinding plates. Operat- 
ing characteristics for several types of Williams hammer mills used for crush- 
ing largo rock are given in Table 23. 

With certain modifications the Williams mills may also be used for finer 
‘rushing, pulverizing, and shredding, the characteristics of the finished prod- 
"uet being controlled by varying the size and shape of screen and cage bars 
and the size and shape of the hammers. Straight hammers and pointed 
hammers are well adapted for granulating work, production of a material 
With minimum fines. Twist hammers and chisel hammers are other types 
Used; the latter are used for shredding and tearing. Тһе Williams coal crusher 
is of the hammer mill type and is made in sizes from 2 to 3 tons up to 500 tons 
Per hour, These machines may be equipped with dumping cages permitting 

lumping of clogged material if the pulverizer becomes choked. 

The Stedman two-stage swing hammer mill has a series of disk plates 
Separated by spacers; each disk has a series of holes for radial adjustment of 
Worn hammers. Various types of hammers are used: double-end notched 

hammers for fibrous material where an excess of fines is required; a chisel- 
edged type which gives а shearing and splitting action; a heavy-duty yoke 
ammer for reducing large lumps of hard material. Rings are sometimes 
Used instead of hammera especially for abrasive material: 

In addition to these types, the smaller Samson and Trojan series produce a 
high percentage of 100- to 300-mesh material. They are used for grinding 
lime and gypsum.in conjunction with a finishing mill and screen or air 
Separator, 


Table 24. Operating Characteristics for Jeffrey Swing Hammer 
Pulverizer 
Capacities, tons per br. 
Limato Coal Burned lime бури 
Sisê of machine, | | | t Horse 
ra — [БЕГ 7—| ower 
ta. | kl | ма. Е 
ein, sem. |. Eos ЕГ Me ша. | [t 
tur open- tur apan- фи | аг | bar open- | bar open- 
ig ihe | me | о | epee | а |" 
| 
Type A | 
15 x 18 2- 31 
mei || m 4 62 
лав |2 #103 
30 X 24 4 12- 15| 6 
36х24 8 25- 3012 
п. 36 x 30 12 35- 4018 
Type В; | 
x12 |2 E 
36x24 10 35- 40 15 
nxa [m 50-1000 
54 X 48 TR 1200-250| 475. -225/200-350 
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The Jeffrey swing hammer mill is а ruggedly built machine. Type A is s 
general purpose machine; type B is of extra-heavy construction and well 
adapted for severe duty. Operating characteristics for the two types are 
shown in Table 24. 

‘A screen, analysis of the products made with bars spaced as indicated is 
given in Table 25 

The Jeffrey Type A Shredder is made in five standard sizes, from 20 by 12 
to 38 by 30 іп. and 15 to 90 h.p. Handling pine chips with а }4-in. bar open- 
ing, these machines have an hourly capacity from 1 to 8 tons; with 3g-in. 
bar opening, the corresponding capacity for tan bark is 1 to 7 tons per hr. 
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Table 25. Screen Analyses of Products from Jeffrey Swing Hammer 


Pulverizer 
Bar % through sieve 
Material opening, 7 - 
in | 15 | 6n. | 4 in. | ма. | 10m. |201. | 351m, 65m. |100 m. 
| 7 | " 
Limestone. , " и | 9.8 | 95 | 81 61 ^ 36 
1 | 95 90 во |58 | 40 3 20 15 10 
Burned lime ај в | | 80 | | 65 
"ei яя oo | St DESE 
‘Bituminous coal...... | ж 94 74 4 26 17 


Gypsum, wf or far fo || ад 
an $9 | 98 | 93 |35 | 58 | 48 | 35 в 
Serap fre brick. % |љ | 2 | 2 9 


Table 26. Operating Characteristics of Jay Bee Pulverizer 


~ - Soroen sise, | Capacity, | Home 
uen ne spit in. 1b, per ће, | power 

No. 2 Standard. 500 5 

: 3 Junior 3400, 13 

i 2 Junior 300 10 

Ch od 2 Junior 300 10 

Совок еш shall; : 3 Direet-tonnected 1850 50 

Cocos-bean shells: 3 Direct-connectad 2700 50 

Cocos-bean shels : No. 3 Standard 4000 50 

Copra....... 1000 E] 

2000 35 

1500 Е] 

250 3 

200 E] 

Midget mill 
First grinding и 
| Second grinding fis 15 3 
0.3 Junior 
‘Firs grinding x 

Second grinding In 170 w 

ERE ўв 1000 20 

Ai f in 4000 30 

fio 1000 E] 


Type E shredder comes in two sizes, 80 to 90 h.p. and 120 to 130 h.p., capacity 
per hour 10 to 12 tons and 16 to 18 tons, respectively, with М-їп. bar; and 
type B in six sizes, from 15 to 300 h.p., shredding wood for blower systems 
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at а rate of about 14 ton per hr. for the smallest size, and 12 to 15 tons per hr. 
for the largest. 

The Jay Bee pulverizer is of the screen-hammer-mill type. It has a hori- 

in ball bearings and has disks 
double-hinged hammers. It 
tes in eonneetion with an air conveyor. Operating charac- 
ven in Table 26. 
, The Pennsylvania hammer mills find use for size reduetion of cement rock, 
limestone, and shale in the large tonnages required in cement-mill practice 
and in limestone and gypsum operations. They are of steel construction 
and have built-in tramp-iron separators: 

American ring crushers and pulverizers are equipped with a horizontal 
Shaft on which are mounted steel disks and spiders or cross arms. On the 
Taces of the disks are inserted the ring shafts on which are mounted the grind- 
ing rings, The rings are held outwardly by centrifugal force and grind by 
парасё and attrition, Operating characteristics of several sizes of type В 
ring crushers, operating on run-of-mine coal, are given in Table 27. 


Table 27, Operating Characteristics of Type 8 American Ring 
Crushers and Pulverizers 


Nab ot Horsa 
mil power 
мш. | иш. 
}58 80 50- 65 45- 50 35- 40 25- 30 20- 25 
248 150 130-140 100-120 | #0-100 60- 70 30- 30 
EL 300 225-250 200-235. | 175-200 125-150 60- 75 
488 400 350-375 330-350 300-325 225-250 100-125 
08 500 425-450 | 400-425 | 350-375 | 275-300 150-175 


„ The Mikro Pulverizer embodies several distinct features, such as n special 
Ieeding device, special hammers, cooled housing and cover, and closed or 
Adjustable air inlets, This machine is used for grinding dyes, dry colors, and 
fiber-press products, and may also be used for materials which tend to ignite 
ог explode, It is also well adapted for grinding crystalline organic materials, 
Such as sugar or citric acid. Tt is available in the following rotor diameters: 
В, 12, 18, and 24 in., as well as a Bantam for laboratory or small-scale eom- 
mercial use. А 24-in. machine, 40 h.p., reduces about 4000 Ib. sugar per hr. 
lo XXXX grade and а 12-in., 7.5-h.p. machine, 700 to 750 Ib. 

, The Mead mill, used for drugs, chemicals, colors, and dyestuffs, is of the 
high-speed disk type. It is made in five standard sizes, capacities ranging 
from 100 Ib, to 8 tons per hr. 

‘The Raymond screen pulverizer is adapted for filter-press products, chemicals, 
colors, and dyes. It is easily cleaned when changing from one color or 
chemical to another, А screw conveyor in the bottom of the hopper forces 
the feed into the grinding chamber uniformly against the tips of the hammers. 
This screw is designed to pack the material, making it act as a seal, thus 
ensuring dustless operation. Operating characteristics are given in Table 28. 

Larger sizes, in combination with air separators, are used for asbestos, mica, 
and similar fibrous and flaky materials. They cannot be cleaned so easily аз 
ү smaller sizes and are therefore used where changes of material are less 
quent, 
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The Ball and Jewell rotary culter makes use of rotating knives set at an 
angle to obtain a shearing eut. Material is retained in the cutter by а screen 
until sufficient size reduction has taken place to allow its discharge. It is 
useful for granulating plastics to a uniform fineness and may be used wet or 
dry. Other applications are for cutting fibrous materials such as roots, 
shavings, and leather. 
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Table 28. Operating Characteristics of a Raymond Screen 


Pulverizer 
кый * Ноте 
Material Fine Ho 
Tuto тей... 97% through 200 mesh 5 
Tartarie м 99% through 60 mesh 5 
Soup powder 30 mesh 7.5 
Ultramarine bite. 9855 through 200 mesh 7 
Borio acid. ..... -> 92% through 100 mesh. 55 
Malted nili... 20 mesh 5 
Bismarck brown. 98, through 200 mesh 5 
Bopr...... р 90% through 200 mesh 5 


The Sprout-Waldron rotary knife cutter is made in several different styles 
and sizes, but the principle of operation is the same. A revolving cylinder 
or rotor equipped with adjustable knives rotates within an enclosure con- 
sisting of stationary knives and perforated screens. The material to be 
cut is passed through the knives and is cut as it falls through the perforated 
screens. The top and bottom screen feature serves to give a large area for 
cutting capacity. It is used for granulating cork, copra, and plastic materials 
and for flocking sulfite pulp and fibrous materials. 

"The Abbe rotary cutter consists of a rotor with attached steel knives, moving 
in а casing with stationary knives. It is well adapted for fibrous material 
euch as asbestos, cocoa shells, paper, and leather, and is often used to produce 
a feed for attrition mills and buhrstones. It is made in six standard sizes, 
1 to 50 h.p., with capacities from 25 to 3000 Ib. per hr. 

‘The term '' disintegrator"' is often applied to mills consisting of one or more 
‘concentric squirrel cages" in which adjacent cages revolve in opposite 
directions (Fig. 1k), Single-cage mills are generally used for disintegrating 
lump materials, for instance for tempering, blending, cutting, and aerating 
sand. А 5-h.p. mill, operating at 235 r.p.m., has an hourly capacity of about 
15 tons, a 20-h.p. mill of 135 tons. The double-cage disintegrator is well 
adapted for breaking sandstone, clay, and marl, А 30-іп. cage, operating аб 
500 r.p.m., breaks about 15 tons sandstone per hour, а 54-in. cage, 850 
r.p.m., 70 tons per hr. 


Table 29. Operating Characteristics of Stedman Disintegrator 


Cage diam., În. | Rows of bars | Speed, трал. | Capacity, ЛЬ. por hr. | Horse power 
в 4 1800-2000 15-20 
30 4 1000-1500 30-35 
36 4 800-1000 40-50 
p 6 700- 800 60-70 
48 6 500- 600 70-75 
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The Stedman disintegrator consists of a number of rows of bars (up to aix), 
although the four-bar machine is the standard. ‘The two cages containing 
е multiple rows of bara rotate in opposite directions and grind by impact. 
t із used for clay, colors, lithopone, molding sand, salt cake, acid phosphate, 
White lead, and similar products. Operating characteristics are given in 
Table 29, 
a, Che vertical-beater mill has the beaters mounted on a vertical shaft which is 
riven from a horizontal shaft through a set of bevel gears. Figure 1% illus- 
trates the Whirlwind or Centropact pulverizer which consists of three grinding 
Stages: top, intermediate, and bottom. Beneath the bottom or third stage 
is the discharge chamber from which the finished product is removed by 
means of а two-blade fan mounted on the vertical shaft. When grinding 
clays ог lime this machine haa a capacity of from 1.5 to 3 tons per hr. and 
Tequires from 25 to 50 h.p. 

The Rietz disintegrator is designed for size reduction of dry or wet material 
and for hot, cold, sticky, or gummy services. It is essentially a vertical 
beater or hammer mill in which the vertical rotor is direct connected for 
Operation at 1800 or 3600 грла. Rigid hammers on the rotor may have 
Widely varying size, shape, number, and arrangement. The hammers aro 
Usually staggered with shorter ones at the-feed end. » Screens of various sizes 
may be used во as to give different vertical and peripheral exposures, The 
Cutting screen is held in place by а backing screen. Wire cloth can be 
Used for wet disintegration and homogenizing. Uses include disintegration 
Of sugar, resins, oyster shells, vegetables, and fish, 

The Aero and Riley Attritor mills are heater mills of the unit type for coal 
Grinding. "These are described on pp. 1964 and 1965. 

Colloid Mills. Theory. ‘The colloid mill was originally intended for the 
Preparation of colloidal suspensions. Later on, it was developed for emul- 
siffeations, dispersions, and homogenizations, ‘The Plauson mill was the first 
Commercial type, although уоп Weimarn had built a laboratory unit twelve 
Years prior to the introduction of the Plauson mill. Von Weimarn's original 
idea was that colloidal dispersion could be obtained by mechanical grinding 
Or a shearing action in the presence of some stabilizer exerting a protective 
Action on the particles produced. Plauson believed (A. W. Kenney, Chem. 
Met., vol, 27, No. 22) that colloidal solutions would result if any massive 
material could be subdivided to particles between 1 and 0.014 in diameter 
4nd suspended in a non-conducting medium. He therefore singled out the 
impact mill as the most promising type. His mill utilized two principles now 
damental for this type: (1) To obtain extremely fine disintegration, the 
Crushing force must move at the highest possible velocity, and the mill, 
therefore, rotates at a very high speed. (2) It is essential to disintegrate in a 
liquid medium which serves to propagate the force of the blow. Accordingly, 
the charge feed to the mill consists either of two or more liquids or of a finely 
Eround solid mixed with a large excess of the liquid used as dispersing medium. 

Plauson claimed that if the peripheral velocity is less than 10 m. per seo., 
no better effect is obtained than by grinding in air (1p in size under beat 
Condition); with 30 m. рег sec., particles Оли were produced and at 40 m. 
Per ec, true colloidal solutions. Higher velocities were recommended to 
Accelerate the action. The use of such high velocities caused mechanical 

ifficulties, and the mill was therefore modified so that the moving parts 
Would rotate in opposite directions in a manner similar to that employed 
in the ordinary attrition mill, thus maintaining the same relatively high 
Peripheral speed with half the original velocity, Figure 3 shows а mill 
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designed in accordance with this idea, known as the friction type or the 
English Plauson. The solid material to be ground, suspended in the liquid 
medium, is fed at A through the hollow rotating shaft under pressure into 
the space between the rotating disks 59 and 62; after being subjected to the 
rubbing action it is thrown into the chamber 64, from which it flows through 
the outlet 65. Cooling water is introduced 
through a hollow shaft 72 and is discharged at 
73. The original Plauson mill was generally 
operated as a batch machine, whereas the so- 
called English Plauson is operated with contin- 
uous feed and discharge. 

Modern colloid mills may be classified into 
three main groups: the beater type, the smooth- 
surface type, and the rough-surface type. In- 
cluded in the first type is the original Plauson mill 
With its various modifications one of the most 
recent of which is the Oderberg mill. In the 
Plauson mill a large part of the power consumed 
is not available for actual work but is dissipated 
through the ‘friction between the material and 
the housing. Тһе Oderberg design was evolved 
to eliminate most of this friction in order to de- 
crease the power consumption, - In this mill, the 
material to be milled is conducted tangentially 
past the beaters; the mill chamber, with the 
exception of the beating point, is empty, so that 
unlike most other types there'is no rotation of fya, 5. Verücsl-fiction type 
the material within the housing. It is claimed colloid mill, 
that under similar conditions the Oderberg mill 
requires only 15 per cent of the power consumed by the Plauson mill. 

Smooth-surface milla depend only upon hydraulic shearing forces; machines 
of this type consist of a smooth moving surface which passes a smooth fixed 
surface at a high velocity (12,000 ft. per min. or higher). Films of fluid on 
both surfaces cause tremendous shearing stresses in the intermediate thin 
layer of Наша, These stresses disperse the particles suspended in the liquid- 
Operation is continuous, but the rate of flow between the working surfaces 
differs in the various types. One variation maintains a stendy flow of 
material past the working surface by means of centrifugal force, while à 
second modification has its working surfaces so shaped that the movement 
of the passing material is delayed, Centrifugal smooth-surínce mills have 
as their working surfaces either a truncated cone rotating within a fixed cone, 
or flat disks rotating in opposite directions. 

In the Premier colloid mill (Fig. 1m) the rotor speed varies from 1000 to 
20,000 r.p.m., with a minimum clearance of 0,002 in. ‘The rotor acts аз а 
centrifugal pump and draws the material continuously and with great force 
through and between the conical surfaces. The mills are furnished with û 
jacket that permits heating or cooling during operation, It is generally 
direct-connected to a 3600-r.p.m. motor and attains the following peripheral 
speeds: 5-їп. mill, 5000 ft. per min.; 10-in., 10,000; 15-in., 15,000; and 20in 
20,000 ft. per min. Operating characteristics are given in Table 30, 

The Hurret mill is of the delayed smooth-surface type and is used for dis- 
persion of solids, plastics, and liquid masses. The No. 1, type B adjustable 
mill has a speed of 11,300 ft. per min., 3800 r.p.m., a clearance of 0.002 to 0.05 
in., hourly capacity 300 to 600 gal., and 20 to 30 h.p, power consumption, 
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The rough-surface ‘colloid mill differs from the'smooth type only in one 
Tespect, tho use of roughened working surfaces, which adds to the hydraulic 
Shearing action a dispersing action of intense beating and turbulence, pro- 
duced by eddy currents in the liquid between the irregular surfaces, 


Table 30, Operating Characteristics of Premier Colloid Mill 


Rotor | Capacity; 
Туре Sze, aae | аре) Home 
M Rpm. | Ft. per min, D 
Liquid (а). e. 5 5 13,000 17,000 50- 300 
Paste (0) S reis 5 3,600, $00 | 7- 50 
Paste (е), 0 10 1,800-3,600 | 5,000-10,000| 50-200 
Liquid (фу - 5 15 1,000-5,000 | 4,000-20,000| 500-2000 


| | 
ıı Ome of the materials handled are (a) emulsions, inks, chocolate drinks, and milk of magnesia; (b) 


naine, heavy emulsions, toilet creams, dye pastes, and ointments; (с) asphalt, emulsions, ointments, 
Pint, and tooth paste; (d) milk of magnesia, insecticide, emulsions, aud inks. 


Table 31. Operating Characteristics of Charlotte Colloid Mill 


Fs of nll Capacity, gal. per br. Speed, rpm | Horse power. 
450 3600 5-10 
650 3600 15- 20 
75 3600 25-30 
800 3600 35- 40 
550 40-50 
1050 3600 85-100 
Monitors. lius ra xm {е 
0. Fans 20- - 
№20. Аи 100- 400 3600 18-20 
Хо, 50 k 400-1000 3600 35- 40 
№, 75...11 1000-5000 see 60- 75 


The Charlotte mill, shown in Fig. 4, consists of a grooved conical rotor A 
Within a correspondingly grooved stator B. It has gravity feed, and the 
"naterial is forced into the gap between rotor and 
Stator by centrifugal force. In the illustration the 
inletsis G, the outlet H, the shaft, and the water 
jacket L. This mill is used for reduetion of solids 
Pared in a fluid medium, for homogenization of 
immiscible liquids, and dispersion of plastic materi- 
ala. Operating characteristics are given in Table 31. 

paeity ratings depend on nature of the 
Product and the result desired and not upon the 
amount of material forced through the mill, As the 
Tough-aurface mill does not depend entirely upon hy- 
draulic shear, the Charlotte mill сап operate at a 
flower speed than the smooth-surfare type; it is usu- ri 4. Сваноне colloid 
Ally connected directly to a 3600-r.p.m. motor. < mill, 

The U.S. colloid. mill has a vertical and a hori- 
kontal design. One feature of this mill is that the material can be held in 
the grinding sphere for any length of time necessary to obtain the desired 
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results. It is surrounded with a water jacket for heating or cooling. The 
vertical type is more suitable than the horizontal for grinding and mixing 
heavier pastes, creams, and pigments. 

‘The chief applications of the colloid mill may be summarized as follows: 
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1. Emulsifieation of vegetable, animal, and mineral oils, resins, waxes, and similar 
materials. 

2. Intensive mixing of liquids and solids and the blending of various chemical prepa- 
rations, the constituents of which are difficult to mix. 

3. Minute dispersions of solids in liquids, 

4. Extraction and washing of oils. 

5. Extraction of fibrous material with water or solvents, 

6. Incorporation of pigments in the more fluid paints and enamels, 

7, Grinding of color pastes, of oil or water with special application to the textile 
and leather industry. 

8. Regeneration of milk and cream from sweet butter and 

9. Fine dispersion of water and solids і 

10. Extraction of oils, fats, resins, and juices from vegetable or animal tissue, 

11. Manufacture of “water paints” and di 

12, Manufacture of pharmaceutical mixtures, ointments, and emulsions, 

13. Manufacture of toilet, creams, lotions, and shaving creams. 

14. Manufacture of printing inks and some types of lithographic inks, 

15. Dispersion of pigments, fillers, and oils, in rubber latex, 

16. Manufacture of mayonnaise, creams, sauces, and other foodstuffs. 

17. Manufacture of asphalt emulsions for paint, roofings, and floors. 

18. Preparation of paper pulp and fiber for roofing felts and paper stock. 

19, Recovery and deinking of pulp from paper. 

20. Selective separation applying to the removal of clays and graphite and other 
materials. 

21. Speeding up chemical reactions. 

22. Pharmaceutical extractions such as tannin, ginge 
from cinchona bark, cocaine from cocoa, caffeine from tea. 


lk powder, 


and similar drugs; quinine 


Tt should be borne in mind that the colloid mill must generally be used in 
conjunction with a pulverizer of some kind, particularly where the raw mate- 
rial contains particles of appreciable size. The feed should be about 80 
mesh, or the largest particle should not be much larger than 1754, The 
choice of pulverizer as а preliminary to а colloid mill is of great importance 
as it is evident that proper preparation of the feed reduces the amount of 
work to be performed by the colloid mill proper, with resulting increase in 
capacity, improved dispersion, and longer life of the parts which come in 
contact with the material. 


USE OF AIR SEPARATION WITH CRUSHING AND PULVERIZING 
EQUIPMENT 


Air separation may be applied in two different ways: extraneously as an 
independent piece of equipment, or as an integral part of the mill. Prac- 
tically all efficient systems employ the principle of centrifugal action for 
removal of oversize. They are divided into two types: the counteraction or 
whizzer type, and the multi-vane or deflector type. 

Whizzer Air Separation. The whizzer type, applied to a hammer mill, 
із shown in Fig. 5. А fan is placed on one end of the hammer shaft; between 
the fan and the hammers is the whizzer consisting of two or more thin blades 
with tips tapered to conform to the housing. Distance between blades and 
housing is regulated by moving the whizzer along the shaft. "The action of the 
whizzer is that of a fan wheel opposing the action of the main fan. With 
minimum clearing between blades and housing, a maximum countercurrent 
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19 50 up at the periphery in the direction indicated by the arrows. An sir 
arent accompanying the feed dropping into the pulverizing chamber 
farries the pulverized ma- - 
terial through the clearing 
toward the fan intake. Аз 
e centrifugal force is 
Greater on the coarser par- 
ticles, their radial velocity 


Raw , 
material 


Will “exceed the lateral: Ж ел. % 

hence they are thrown to RE? ) а 
® periphery und deflected 2” 2 | Barn whee 
the hammers by the 

Sountercurrent, while the Air and aes 
Ber particles discharge aterial- A 

through the fan intake. 

5 the whigzer is moved to- 3 

Ward the hammers, а lb ar 


coarser product results. £5 
е outline given pre- d RS 
tenta only the funda- О гиме “Whizzer, 
Mentals of whizzer air D achamber э schamber: 
Beparation, A great deal Fe. 5.—W biser ae aE to a 
lepends upon the details їп Raymond hammer pulverizer, 
“sign, such as relative sizes of the main fan and whizzer, the exact taper of 
izzer blade tips and of housing, diameter of whizzer, and number and width 
Of blades, "he all-important factor is the taper of the housing in the whigzer 
Teather, ns it determines the effective- a ау 
Пева of the countercurrent of air and the өй, . А 
deflection of the coarser particles to the oer gon К 
ammers, This is of utmost importance - 
When ап extremely fine product is de- 
Wired. "The separated product passing 
through the whizzer enters the fan and 


ntl valve 


iS blown to a eyclone collector where Bp ahm 
15 is discharged into bins or containers. Hinged 
The return air goes back to the pulver- abor 


‘ter, completing the cycle. - 4 Manes 

cross section of un extraneous air 
Separator with whisser separation is 
Riven in Fig. 6. It consists primarily of 
Wo cones with an annular space be- 
Ween them. А hollow vertical shaft ex- 
tends through the top of the separator, at 
(18 center, down into the inner cone. 


“Lower 
ойт cone 


Mm the shaft, near the top, is mounted ` Frished moter (Yee ana hole 

е main fan; below the fan is the whiz- سو ومز‎ 
žer, and below the whizzer the distribut- RAL of mechanical NIE 
‘ng plate. Аз this plate rotates at a high CR 


velocity, the centrifugal effect оп the ma- 

erial throws it radially, in в uniform stream, in the space between the edge of 
° plate and the inner surface of the inner cone, into the path of an upblast 
f ‘The dust-laden air passes up through the whizzér where the coarser 

Particles are eliminated, and discharges through the fan into the annular space 
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between the cones. The rotating fan blades throw the material to the inner 
surface of the outer cone, and it is discharged through a valve in the bottom 
of the cone, while the air returns to the inside of the inner cone through the 
portholes formed by the deflector blades or yanes, placed radially around the 
inner cone. Material discarded by the whizzer drops to the bottom of the 
inner cone and is spouted from the separator as tailings, 

Some types of separators use horizontal adjusting plates which may be 
pushed in or out of the separator at the fan opening. The opening into the 
fan ean be thus decreased or increased, tending to some extent to increase or 
to decrease the fineness of the finished product. 

"The whizzer type of air separator is often built with two whizzers one above 
the other. Тһе purpose of the two whizzers is to obtain a finer product than 
is possible with the single-whizzer type. It is in fact a two-stage separator» 
This ig of particular advantage when separating a material which is poor 
in fines, the first whizzer throwing out a high percentage of oversize, so that 
the upper whizzer receives a richer mixture on which to operate. 

An extraneous air separator constructed along the same lines as shown in 
Fig. 6 makes use of а spinner or of spinner blades for precipitating oversize 
particles and to control the fineness of the finished product in the same 
fashion as the whizzer. 

Multi-vane Air Separation. In the multi-vane (defleotor) type, the 
objective is to spread the pulverized material on s revolving sheet of air; the 
coarser particles are thrown to the periphery of this sheet against the housing, 
fall down, and are discharged through a spout in the bottom. А rotating 
movement of the air is attained by compelling it to enter the chamber through 
а series of portholes guided by tangential deflector vanes. The fines, traveling 
toward the center, are pulled out by а fan and discharged, In one of the two 
common types, the centrifugal type, the material is fed directly into the 
separation chamber, where it is met with the upward traveling air which 
imparts to it в rotary motion that causes separation, 

In the other system, the vacuum type, the pulverized material is mixed 
with air before it enters the separation chamber. The mixture enters the 
chamber through the ports and the rotary motion is imparted to air and 
solids simultaneously, whereupon separation takes place ns described. 
Centrifugal multi-vane separation is applied only to an extraneous separator, 
whereas vacuum multi-vane and whizzer separation can be applied as an 
integral part of the grinding equipment. In ign the multi-vane 
separator is similar to the whizzer separator, with the exception that instead 
of a rotating whizzer it has adjustable vanes that can be set tangentially 
toward the periphery of the inner cone, giving the air в rotating motion. In 
the whizzer separator the vanes are fixed rigidly in в radial position between 
the cones, their only function being to permit the dust-free air to enter the 
inner cone uniformly and radially with minimum resistance. In the multi- 
vane separator, they are placed in the inner or the outer cone, pivoted near the 
periphery in a manner similar to a louver, so that they can be opened by 
pointing radially toward the center or closed by being set at an angle. In 
the former case no rotary motion is imparted to the incoming air, the centrif- 
Ugal action is at a minimum, the least amount of separation takes place, 
and the finished product is the coarsest. As the vanes are closed, the centrif- 
ugal action increases, more material is thrown off, and the product becomes 
finer. То some extent the fineness may also be regulated by adjusting tho 
opening into the fan. 

"The general design of в vacuum multi- 
It consists of a double cone, the outer cone being sho 


ne separator is shown in Fig. 7. 
n open in the illustra- 
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tion, Suction is maintained through a sleeve at the top. In actual practice, 

he separator is usually placed on top of the pulverizer, or connected to it 
With a pipe, admitting the pulverized material to the space between the two 
iiid by the upward blast of air, which enters the inner cone guided by 

6 deflector vanes. The greater the angle of these vanes, the finer the 
Separation. 
inthe air containing the pulverized product travels upward between the 
two cones and enters the inner сопе guided by the deflector vanes, These 
Vanes may be in pairs, as shown in Fig. 7, or they'may be placed continuously 
round the inner cone in the form of a louver. They are pivoted and may be 
rotated through adefinite angle. This adjustments made from the top of the 
Separator by means of a pointer running over a calibrated segment. With 
ns pointer at zero the deflector vanes point radially toward the sleeve ог 
(take pipe at the center. There is no rotating motion of the air and it travels 
directly toward the center. Аз the air expands in the inner cone, some of the 

Versize drops to the bottom; the remainder enters the intake pipe and goes 
iQ а cyclone where it is discharged as 
Nnished product. This arrangement 
Rives the coarsest separation. Аз the 
Point is rotated, the deflector vanes also 
Те, causing the material to enter the 
nner сопе ati an angle and imparting a 
Yotating motion. Each particle is 
hen acted upon by two forces, the 
pentrifugal force of rotation and the 
orce tending to move it radially to- 
Ward the intake pipe, induced by the 
Rteater suction. Particles above a cer- 
[їп size, upon which the action of 
former force is greater than that of the 
utter, are thrown to the periphery and 
discharged through the bottom of the 
inner cone, The greater the angle of Fro. 7.—Multi-vane vacuum air 
the deflector vanes, the farther the ma- separator. 

thrown from the intake pipe, and the nearer the periphery. More and 
»versize is thrown out, until the deflectors reach the extreme angular 
n where the cyclonic action becomes so great that the maximum 
"mount of material is thrown by centrifugal action; the produet floating 
against this action is then extremely fine. As the deflectors are closed, the 
effective area of the portholes is diminished, decreasing the flow of air, whioh 
also tends to make a finer separation. 

The bottom of the inner cone is equipped with a-flap valve for returning 
Oversize. When the inner cone is empty the suction keeps itelosed. As soon 
48 the tailings accumulate to a definite height, their weight opens the flap 
Valve, causing the tailings to flow without admitting any unseparated material 
Or air. In some installations the flap valve is replaced by а positive-driven 
Star roll which discharges the tailings continuously. 

Che most recent development in air separation has been the use of rotating- 
Whizzer separators instead of the double-cone vacuum type. Its design 
and method of installation are shown in Fig. 8 us applied to the roller mill. 

he зућшаег disks rotate in a horizontal plane. They may consist of one or 
two disks in number, each one fitted with multi-whizzer blades. The whizzer 
is driven through a variable drive and the fineness of the finished product is 
Tegulated by the speed of the whizzer. The faster the whizzer rotates the 
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more particles are thrown out and the finer becomes the finished product- 
The raw material passes up from the grinding surfaces vertically and, before 
passing out of the machine at the top, is compelled to pass between the 
rotating-whizzer blades. The oversize is returned to the periphery and 
dropped back for further grinding while the desired fines pass up through the 
whizzer blades into the duct leading to the cyclone collector. This type of 
separation may be applied to у 

any of the air-separation 
pulverizers wherein a current 
of air conveys the pulverized 
material. . 

The Imp Pulverizer. In 
the discussion of the whizzer 
type of air separation їп con- 
nection with hammer mills, 
the mill described in the text 
and shown in Fig. 9 is the 
Imp type of pulyerizer. 
This machine is made in 
many sizes, from the small- 
est having one beater disk 
with fixed blades to the larg- 
est size with six or more rows 
of swing hammers. Figure 
9 shows how the air system is 
fitted to the pulverizer 
proper; the machines are 
equipped with a hopper be- 
low which is the star feeder, 
actuated by a pawl-and- 
ratchet, mechanism. A vent 
from the top of the return 
air pipe passes through a 
tubular dust collector which 
makes the operation of the 
system dustless, 

The Hardinge air-swept conical ball mill with superfine air classifier is used 
for fine dry grinding of abrasives, minerals, ores, and chemicals. А descrip” 
tion of the mill and classifier is given on p. 1905, followed by a table of oper- 
ating characteristics, 

Cylindrical ball mills or tube mills сап be operated in closed circuit with 
extraneous separators with or without air sweeping, ns shown in Fig. 14 
for the same purposes as for the mills with integral classifiers. 

The Schutz-O' Neill Limited mill consists of two or more beater plates ой 
which are mounted beater blades or fixed hammers which pulverize the 
material against a shell which usually is corrugated. Sometimes a perforated 
shell, similar to a grater, is used. ‘This is of advantage in pulverizing tough 
fibrous material. Fineness of the finished product is regulated by a cone wit 
attached blades or whizzers. The pulverized material travels longitudinally 
toward the cone and whizzer. When the cone plate is moved into the mills 
п coarser product is obtained. With the plate in the extreme outer position: 
flush with the end of the mill, only the fines pass through, while the coarser 
particles are thrown into a tailings groove on top of the grinding chamber: 
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Revolvin 
whizzers 


тег separator, as an integral 
Raymond roller mill. 


Fia, 8.—Rotating-w 
part of the 
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àt the end of which a rotary valve returns it to the feed end of the mill. 
For very fine grinding and for extremely hard material, a perforated plate 
mounted on the shaft in front of the beater is employed. А row of holes 
in the plate, varying from 14 to 14 in. in diameter, provides an exit for the 
finely ground material and relieves the air pressure, thus permitting cooler 
Operation, Table 32 gives the capacities 
iud power requirement of the 20-in. 
limited mill, grinding a variety of 
materials, 

Automatic Pulwrizer. The Raymond 
Qutomatic pulverizer із а beater-type ma- 
chine equipped with air separator of the 
vacuum multi-vane type. It has а 

‘orizontal shaft on which may be mounted 
one or more disks fitted with beater blades. 
On the door of the pulverizing chamber 
is mounted an automatic throwout, the 

unction of which is to remove refractory 
Materials contained in the feed, such as 
"and and gravel from clay. А star feeder 
With pawl-and-ratchet mechanism receives 
the raw material from a stock bin and 
drops it into the pulverizing chamber, on 
юр of which is mounted the air separator. 
he air enters the pulverizing chamber at 
the rear and removes the pulverized ma- 
terial, Particles of proper fineness are 
blown to the cyclone, which discharges to 
bins or containers, while oversize is ге- 
turned to the pulverizer through the 
bottom valve of the inner cone. Impuri- 
©з accumulate in the grinding chamber р. Raymond Imp pulveriser 
mt they are picked up by the rapidly with whizzer Sir separation aud dist 
evolving beaters and thrown through the Conveying and collecting system. 
slot on the door into the throwout cham- 
her, where they are finally rejected through the flap valve. The slide 
lamper on the top of the throwout may be adjusted to admit air from the 
Atmosphere which enters the pulverizer through the slot in the door. In ita 
travel through the throwout the air cleans the rejects and blows fine particles 
back into the pulverizing chamber. 
he automatic throwout is often used for concentrating valuable constit- 
tents in an aggregate, such as phosphatic granules, which are separated from 
Silt and clay, In this case the product discharged through the throwout 
їз the valuable material. The automatic pulverizer can be made to function 
A8 an extraneous air separator, receiving pulverized material from another 
Machine. The beaters are run at comparatively low speed, doing no pul- 
Verizing but stirring the material and throwing it into an air current. The air 
carries the material into the separator in the normal manner, the fines are 
Temoved, and the rejects eliminated through the throwout. 

In the Williams impact mill with air separator actual grinding is ассот- 
Dlished with a hammer mill. The sir separator extracts material of the 

lesired size and returns the oversize to the mill for regrinding. А spinner 
Separator may be used. 
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Ring Roll Mills. These mills are equipped w 
around a grinding ring, pulverization being done between rolls or balls and 


ring. топе class, pressure is maintained with heavy springs; in another, by 
the centrifugal force of the rolls against the ring. In most mills, either the 


Table 32. Capacities and Power Consumption of 20-in. 
Schutz-O'Neill Limited Mill 
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h rolls or balls rolling 


Production, | Ноте 
вах Jb. per hr. power 


30- 40 
35- 45 
30-50 
25-30 | 
100-125 


Celery seed... 
Foenugreck seal... 
‘Tragacanth шш... 
China twigs... 
Cassin. 

Ginger 
om s 
npe, white, 
Pepper, Sigur 


tine., 7 

Glue. 

Cocoa cake. 

Cayenne pepper. . 110 | 
ооз... 

Sogar, asl 5 


* For ordinary eommercial powder; if extrafine product is required, it should be passed through a buhr 
to rasp off tho fiber covering which is screened out, after which the hard tux kernels are puased through the 
mill for final reduction. This operation applies to many seeds, beans, and nuta with tough fibrous covering. 
{Arwen mata should he broken down in а disintegrator before they are fed to the limited mi 
Foonugreele seed should be passed through the mill quickly, sifted outside the mill, and tho tailings 
mixed with the food. This method is used for materials, part of which is powdered more easily thin the 
remainder, 


ring or the rolls are stationary; there is a type, however, where both rings and 
rolls rotate. The grinding ting may be placed horizontally or vertically. 
The following three classifications are made: 


Mills without internal separation: 
а. Sturtevant ring roll то 
b. Kent ring roll mill. 

2. Mills with sereen separation: 
а. Huntington type. 

b. Bradley roller mills, 

с. Griffin mills, 

d, Puller mills. 

Mills with air separation: 

a. Fuller mills. 

^. Bethlehem or Whiting. 

c. Raymond mills, 

d. Bonnot mill. 


"The Sturtevant mill is of the first class. Tt has в concave, vertical grinding 
ring and is used for non-metallics, especially phosphate rock. А No. 1 mill 
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With air separator grinds 2 to 4 tons limestone or phosphate rock per hour, 90 
T cent through 80 mesh; a No. 2 тай has twice this capacity. 

yi, The Kent Mazecon mill, also of the first class, is used for bauxite, coke, 

imestone, magnesite, and phosphate rock. It requires 6- by 7-4. floor space, 

Weighs 6 tons, and consumes 25 to 50 h.p., grinding by 1000 Ib. per aq. їп. 
pressure, Hourly capacity, in closed circuit with screen or air separator, is 

tons phosphate rock for acidulation or 10 tons limestone for fertilizer. 

‚ The Bradley threc-roll mill has а vertical shaft with three roller journals. 
Grinding pressure is caused by centrifugal force produced by the rotation of 
the rolls, A screen of proper size surrounds the grinding chamber, This 
mill is algo used in closed circuit with external screen, in which the internal 
“ereen is equipped with large openings. Hourly capacity is from 2 to 4 tons 
Of limestone or phosphate rock, with 25 to 35 h.p. 

The Bradtey-Hercules three-roll mill is used extensively for semifine grinding 

Of hard materials such аз cement, rock, and cement clinker. "The grinding 
поищи consists of three rolls revolving in and against the inner surface of the 

‘orizontal annular ring against which the crushing is done by the centrifugal 
Action of the rolls, ‘The mill is so designed that the material із fed before 
Such roll, allowing each grinding roll to take саге of its proportional amount 
Xf feed; the mill discharges through an internal screen, down through the 
foundation. This machine is capable of taking material up to 2 in., reducing 
ıi, Ю а fineness of from 50 to 65 per cent through 100 mesh in a single opera- 
еп in Table 33. 


tion. Specifications and operating characteristics are gi 
Table 33, Operating Characteristics of Bradley-Hercules Mill 


Feed И Fineness of product Sereon on mill 
Limestone, 2и 56 tona through 100 mesh; 48% through | 8 mosh 
n 200 mesh 
И 294 54 tons | 93,59 through 20 mesh; 61.2% | 8 mosh 
dieta, 100 mesh; 50.8% through 
Limestone, | Hf [30-35 tons |70% through 100 mesh 12 mesh 
imestone..: 2H 25 tons |99.5% through 20 meh; 64.69 | 16 mosh 
‘through 100 mesh; 50% through 200 
ИН 208 42 tons” | 32% through 200 mesh 5 mesh 
~ 135-150 bbl. | 369% through 200 mesh Number 1567 Too 
D 
150 bbl. |677% through 100 mesh; 42.9% | 8 mesh 
‘through 200 mesh 
[гш Чика, al HO bb | 6294-654, trough 100 mesh, 3 mesh 
, run clinker, 75 bbl. |32% through meet 
Xilicrun olinker, 139 БЫС |42% through 100 mesh; 3095 through | Number 595 Ton 
200 mesh Сар 
Weight of mill, lb. i „.. 60,000 
Sheed of vertical shaft, r.p.m. 125-130 
Speed of horizontal shaft, r.p.m. 360-400 
Diameter of roll Mead, in, га 
iumeter of grinding ring, in. 
Crushing effect of each roll against ring, 15. 13,000 
Weight of roll head, b. 1,000 


А 800-h.p. motor is used for grinding limestone and raw material in cement, 
Plants; for maximum capacity on cement clinker a 350-h,p. motor is prefer 
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able. On the raw end it is often advisable to pass the discharge to a screen 
or an air separator, removing a finished product of the required fineness, the 
tailings going ќо а tube mill the discharge of which is sent to a second separator 
or back to the first separator. 

The Grifin mil has a chilled iron roll revolving against and around а 
grinding ring. ‘The ground material is discharged through an internal screen 
by the aid of an air current resulting from the speedily revolving roll. Oper- 
ating characteristics for the Giant and the Junior Giant mills are given in 
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designs, with screens and with air separation. 


Table 34. 
Table 34. Operating Characteristics of the Giant and Junior Giant 
Griffin Mills 
Material Output pee he. Fineness of product aea 
Giant: 
‘Limestone... 4.5-5 tons. 83,2% through 200 mesh 30 and 35 
Cement clinker азан, to 
tube mill... п Ў 26 bbl. ‚62%-64% gue 200 mesh. 6 
White cement linker. i 35 БЫ. 2% through 1 mesh; 54% through | 6and 8 
200 mesh 
Coal screenings... 3.5- 4ions |959% through 100 mesh 30 
Limestone 33.5 tons. %-э% through 100 mesh; 82.5-200 35 
Е 
Cement clinker. :............. 12-14 bbl. |9. 5% through 100 mosh; 82.8-200 35 
тм 
71ons |67.5% through 100 mesh; 49.8-200 | 3and 4 
mesh; 35.9% through 300 mesh 
1.5-2 tons. 90% through 100 mesh 30 and 35 
5.5- 6 — bbl. |80%-82% through 200 mesh 35 
2.25 tons ghi Деш 100 mesh; 69% through | 30 and 32. 
‘Phosphate rock. . 3.5-4 _ ions |35% through 200 mesh 16 
Feldspar, w 1.5 tons |97. vd through 100 mesh; 87.6-200 | 30 and 35 
meh 
Соке... 0.5-0.75 tons [90% through 100 mesh 5 
‘Limestone... 2 tons |82%-85% through 100 mesh 16 
3 Junior 
Giant tant 
‘Diameter of ring 40 30 
Diameter of roll, in. 24 18 
н effect of ro against бщ. 1... 15,000 7,000 
аб mly enm 175 | 20 
"eight. кешй 26,000 13,000 
The Fuller-Lehigh mill is of the vertical-ball type. It is made in two 


‘The screen type is equipped 


with two sets of fans rigidly attached to the yoke on the shaft of the mill, 
above the grinding elements. As these fans rotate with the shaft, the pulver- 
ized material is lifted from the grinding zone by the first set of fans, the upper 
set acting as an exhauster. It draws the fine material from the separating 
chamber and forces it through the screen, which completely encircles this 
chamber. The finished product drops through annular openings in the mill 
base into a lower compartment containing a fan sweep which aids in with- 
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drawing the discharge. In the air-separation type the pulverized material 
is sucked from the mill by an exhauster and blown into a cyclone. Table 35 
fives the capacities and power consumption of this mill, grinding а normal soft 

Tin. limestone with maximum 4 per cent moisture for the air-separation 


Table 35. Operating Characteristics of Fuller-Lehigh Mill 


Capacity, 1b. per hr. | Horse power 
Number of mill | | Air type 
Alraeparated e 

Screen type me | Screen type xD 
3 5.000 = ^ 
36 ae! 6,000 з | » 
42 D 10,000 5 0 
48 14,000 15,000 100 50 
E] 20,000 @ 
57 18000 E 
n 2400 30.000 250 100 


type and 2 per cent Гог the sereen type; the fineness of the finished material 
1% about 80 per cent through 200 mesh. 

A modification of the standard Puller-Lehigh air-separation mill illustrated 
j Fig. Ш has two grinding tracks, one above the other, with two sets of 
balls, " The manner in which grinding takes place is essentially similar to that 
in the Babcock and Wileox type В pulverizer described below. Instead of 
discharging the product to extraneous screens or air separators it is equipped 
path nn integral air separator. "his pulverizer ја built in sizes up to 40 tona 
per hr, 

The Raymond roller mill is of the integral air-separation type. The base 
the mill carries the grinding ring, rigidly fixed in the base and lying in 
horizontal plane. Underneath the grinding ring are tangential air ports 
through which the air enters the grinding chamber. А vertical shaft with a 
revel gear near the bottom and resting on a thrust bearing is driven by а 
horizontal shaft through а pinion. Keyed rigidly to the shaft near the top 
{в а spider which carries the roller journals. These journals have rolls on the 
bottom rotating on their own bearings while traveling around the ring. Two 
Or more journals are pivotally suspended by trunnions fastened at the top of 
the journal housing and supported in the arms of the spider. ‘They hang 
almost vertically, so that when the mill is at rest the rolls press only lightly 
Against the grinding ring. 
cent development in connecting the air-separation system to a Ray- 
mond mill is shown in Fig. 17. Here the location of the main exhauster is 
Such that it blows the ait into the mill instead of sucking from the mill, so 
hat the pulverized material does not pass through it. 

‘The roller mill with air separation is used extensively for the grinding of 
conl; coke, limestone barytes, gypsum and practically all of the non-metallics 
except the siliceous materials of an abrasive character. It is also used to а 
large extent; in the grinding of the chemical and mineral pigments, partic- 
ularly where a product is required of a minute particle size. 

The method of separation used with Raymond mills depends on the fineness 

lesired, If a medium-fine product is required, up to 85 or 90 per cent through 
100 mesh, a single-cone air separator is used (see Fig. 10). This consists of 
housing surrounding the grinding elements with an outlet on top through 


of 
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which the finished product is discharged. 
For а finer product and where frequent changes in fineness are required, the 
vacuum or whizzer type of separation is used. 


described on p. 1923. This type of mill is known as the high- 
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This is known as the low-side mill. 


Its mode of operation is 


ide mill. 


‘The Bethlehem (Whiting) is a mill of the roller type in which the journals 


carrying the rolls remain stationary in а horizontal position. 


element or table rotates in a horizontal plane. 
obtained by means of adjustable springs operuting on the roller journals. 


"The material is fed to the center 
of the table and owing to the 
centrifugal force travels to the 
periphery between the rolls and 
the rotating grinding rings. 
After being pulverized it is thrown 
into a current of air, passes up to a 
classifier, and is discharged in a 
manner generally similar to that 
of other types of roller mills 
equipped with air separation, 
The Babcock and Wilcoz type В 
pulverizer is a modification of the 
Fuller type В. Itis used in closed 
circuit with an extraneous air sep- 
arator. 
rectly into the pulverizer through 
в feed spout and is deposited into 
the center of the mill on a table 
fastened to the rotating intermedi- 
ate grinding ring. Centrifugal 
action of the table throws the ma- 
terial outward into the path of 
the inner row of grinding balls; it 
then passes to the outer row in 
which the second stage of pulver- 
ization takes place. From this 
stage the material is discharged 
outside the outer top row of 
grinding balls and passes through 


Fx 


with loy 


ing 


a 


= 
у 
[+ 


ера. 
stem. 


‘The grinding 


The grinding pressure із 


Raymond low-side five-roller mill 


tor and dust conveying and 


an adjustable ledge gap into the space below, where it enters the path of the 


lower row of balls, the third stage. 


Upon leaving the lower row, the material is ¢ 
ent containing a number of sweeps, 
arged from the mill, whereupon it is elevated to the mechanical 


compartm 
rapidly di 
air separator. 


harged into an annular 


by the action of which it i$ 


The Jet Pulverizer. ‘The jot pulverizer is based on а different principle 
from the pulverizers previously described. 


of this type known as the Micronizer. 


eter and from 1 to 214 in. in axial height. 


Figure 11 illustrates a pulverize 
It consists of a shallow circulat 
grinding chamber wherein the material to be pulverized is acted upon by * 
number of gaseous fluid jets issuing through orifices spaced around the periph- 
ery of the chamber. The gaseous jets introduced are generally super 
heated steam at pressures from 100 to 500 1b. per sa. in. in a temperature UP 
to 500°F. superheat. Compressed air at 100 lb. pressure may be utilized 
instead of steam. The pulverizing chamber varies from 12 to 36 in, in diam- 
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Jet orifices are drilled through the peripheral wall of the grinding chamber 
And vary in number from 6 to 16, equally spaced around the chamber; the 
Orifiees vary in diameter from 1$ to М in. They are generally placed in à 
langential position so that entering steam or air will promote the rotation 
Of the material to be pulverized in the same direction. 

"The operation of the Mieronizer depends on the fact that, when в gas of 
high energy content is introduced into the small pulverizing chamber, the 
Applied fluid pressure is transferred into velocity head by expansion to 
Substantially atmospheric pressure. This 
causes a high-speed rotation of the contents 
of the pulverizer chamber. The centrifugal 
force of rotation causes the material to con- 
fentrate at the periphery where the jets are 
introduced. Since most of the energy of the 
fluid jets is dissipated near the point of entry, 
there are set up intense local velocity gradients 
4nd intense interactions within the circulating fef 
Material. A great deal of reduction of the 
material iş thus caused by the impinging of 
the particles upon themselves which tends to 
reduce the wear on the pulverizer housing. 
For abrasive materials the pulverizer may be 
lined with rubber to reduce the wea: 

The gaseous fluid supplying the grinding 
energy is withdrawn at an inward point, tend- 
ing to cause the dust-laden gaseous fluid to 
travel spirally. The smaller particles are thus 
Withdrawn and the coarser particles thrown 
to the periphery are subjected to further re 
duction. 

The outlet from the grinding chamber 
leads directly into a concentric centrifugal 
collector, This collector receives the material 
äs it is traveling in a high-velocity rotary mo- 
tion whichis conducive to the separation of 
the material from the fluid so that about 8; 
to 95 per cent of the product is collected in 
the concentric collector. The remainder of the material may be filtered out 
from the discharged fluid with а standard wir filter. An injector operat- 
ing on the principle of the aspirator is utilized to introduce the feed 
into the outer portion of the grinding chamber. "The main application of 
the Mieronizer is for the production of an extremely fine product from a top 
Size of 204 down to Би. Certain materials may be produced where the 
Byerage particle size is under 24. It has been found particularly applicable 
in the production of face powder and other cosmetics, in insecticides and in 
шапу precipitated products. It has been used for the reduction of barites, 
shryolite, sulfur, pyrolusite, and other non-metallic minerals where extremely 
small particle sizes were required and the cost of production was of secondary 
Consideration. 

, The steam consumption varies with the nature of the material and the 
fineness of reduction. For the softer materials 1 to 10 Ib. of steam are used for 
llb. of finished product, while for the harder minerals the steam consumption 
may average from 20 to 30 Ib. and for the harder materials, particularly 


(2 drilled 
orifices 


Tio. 11.—The Micronizer. 
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where a product is required with a top size of би, the steam consumption 


may ко up to 60 to 75 lb 


per lb. of finished product, 100 

Closed-cireuit Grind- о 
ing. In closed-circuit œ 
grinding the grinding unit 580 
does not deliver a finished +Ê o 
product but discharges ton © 
separating device, the func- 60] 
tion of which is to remove f gy 
the fraction of the feed + 
which has been reduced to 940] 
the desired fineness, re- Ћ so 
turning the oversize, or © 
tailing, to the feed end of 520 
the grinder, thus complet- © | 
ing the circuit. The sep- 


arating device may bea O-z- 4 6 6 0 р 
water classifier, 
an air separator (see Closed- 
circuit Grinding with Hy- 
draulie Classifiers, Sec. 15, 
pp. 1603 to 1609). 

Closed-circuit Grinding with Screen Separation. 
Screens are used in closed circuit with a pulverizer, 
particularly where а uniformly coarse or granular prod- 
uct is required. For fine separation where air sepa- 
rators are not adaptable, bolting reels with silk 
bolting cloth are used. ‘This is particularly the case 
in grinding cereals where flour rolls are used for grin 
ing equipment. 

Closed-circuit Grinding with Air Separation. Wher 
ever the fineness reaches a point where screen separa 
tion becomes inefficient, air separators are used, The 
main object in closed-circuit grinding is to increase 
capacity for the same power consumption, as the mill 
does not have to furnish a product which is entirely 
within the size requirements but is allowed to dis- 
charge a product coarser than ultimately desired. 

As the raw material travels through a tube mill, 
the greater portion is reduced in the first few feet of 
travel. A test was made in a 6- by 26-ft. tube mil 
(Rock Products, June 8, 1921), in which samples for 
screen analysis taken throughout the length showed. 
that about 80 per cent of the total grinding is ac- 
complished within the first 5 ft, and that the remain- 
ing 20 per cent of the grinding consumes about 80 per 
cent of the power consumed. The results are illus- 
trated by the curve in Fig. the results show that if 
а 5-ft. mill were used, the produet would be within 


Fra. 12 


rious distances from the 


Percentage of total gri 
f 


M (6 B Q 22 0 


всгееп, ог Distance From Feed End,Feek 


ng accomplished nt 
of a tube mill, 


Fra, 18. 
mill in closed circuit 
with an air separator, 


per cent of the specified fineness. This product could have been fed to an air 


separator in closed 
returned to the mill. 


cuit with the mill, the fines removed, and the oversize 
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Is is debatable whether closed-circuit grinding does not give a product 
With less impalpable powder than when the mill is operated as a finishing 
mill. This all depends on the meaning given the term “impalpable powder.” 
When grinding certain fillers or pigments, or even cement clinker, a tube mill, 
И properly operated, undoubtedly produces а higher percentage of particle 
under 20 to 10и when oper- 
ated in open circuit. Te feed from " 
may not be so economical аз 22522 gr^» 
closed circuit, but economy 
must sometimes be sacrificed 
1o obtain the requisite qual- 
Му. For many purposes, 
fineness is not the only cri- 
terion, as particle shape ог 
density may be more impor- 
tant. ^ Certain fillers seem to 


Possess more desirable prop- Б) 

erties when they are retained Не и 

при ae опну KI та Рао Ба Ишак Кон 
their finished form. Open- 3 i 


rini id tube mill in partment mill in closed cir- 
©їгеш& grinding wil often feed Gault with on рагатае a 
Five best results in grinding air separator. 

flaky or tough fibrous ma- 

terials, Air separation may be used for such materials, but the separator is 
Used only after the material has passed through a long tube mill or even'a 
Series of one to four mills. 

There are many possible flow sheets for connecting separators in closed 
Cltouit with grinding equipment; the most suitable flow sheet depends upon 
type and number of grinding units and the 
nature of the finished product. А simple flow mi 
Sheet of a hammer mill with air separator is 4000 
thown in Fig. 13. A similar arrangement could $3500 
be made with а tube mill and separator. £3,000 

‘gure 14 gives а flow sheet where the prod- ¢ 2500 
t from а primary grinder, instead of going &z ooo 
quy to the tube mill is first passed to a sep- 8 pego 
Arator together with the tube-mill discharge. 5 ® 

he separator removes the fines from both @ 4900 
Products, returning the oversize to the tube 500 1 
mil, A similar arrangement вал be made for $024 6 8 DE HK 
а. two-compartment mill, both compartments Рог Cent Мејећиге 
Чнбһагат to the separator. A little diferent jg, 16 “rhe etet E dn 
irrangement may be used for а ball mill and а ous moisture content М айе 
tube mill served by one separator. The ball- materials on the capacity ch. 
mill discharge goes to the separator, the tailings tuined from a pulverixer. 

Tom which are returned to the feed end of the 

ball mill, while the fines go to the tube mill. Та this case the ball mill operates 
in closed circuit with the classifier, while the tube mill functions де a finishing 
millin open circuit. This hook-up may also be used for a two-compartment 
mill, the second compartment of which may serve as finishing mill. 

ligure 15 shows an arrangement used for a three-compartment mill 
With single separator. Tailings and fines from the separator may be returned 
to any compartment, depending upon the amount of fines required in the 
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finished product. For a three-compartment mill with two separators the 
following arrangement znay be used: The first separator receives tho dis- 
charge from the first compartment and the second separator the discharge 
from the second compartment and the fines from the first separator; tailings 
from the two separators are the feed for the second compartment, while the 
fines from the second compartment go to the third compartment which funo- 
tions as finishing mill. Many other flow sheets may be used for compartment 
mills as well as for separate 
units. 
Drying, Dehydrating, 
and Cooling. Drying. 
Mills with air-separation units 
may be во equipped that the 
air may not only be condi- 
tioned in respect to moisture | 
content and temperature, but 
it may be mixed with gases or 
liquids (spray) во that it may ел? fan. 
react chemically with the m: 
terial pulverized. Practically 
all materials can be ground 
to better advantage when dry 
in drying finely divided prod- 
ucts. especially, the capaci 
decreases very rapidly with in- 
cremsing moisture content. Polverizing 
The rate of decrease is not the 
same for all materials; some 
may contain an appreciable 
amount of moisture before any 
dégrene тодар IDE a 17.—A kiln mill equipped with accessories 
curves in Fig. 16 show the for drying, grinding, air separating, conveying, snd 
grinding characteristics of collecting. 
kaolin, bauxite, and precipi- 
tated calcium carbonate, all ground to 99.9 per cent through 200 mesh. 
Eastern Pennsylvania clay, ground to 100 per cent through 200 mesh, showed 
four times the capacity when bone dry than with 10 per cent moisture. 
Many materials haye also been found easier to pulverize when hot than 
when cold; a material which, although perfectly dry, may be difficult to 
grind on account of sticking, will if heated tend to disperse and flow more 
freely. Certain materials are reduced faster when dried in the mill than 
when dried outside; this is probably a result of the rapid, almost explosive, 
removal of the moisture when the wet particles come in contact with the hot 
gus. This action tends to shatter the particles. The system used for con- 
ditioning the air is the same whether the mill is of the roller or the swing 
hammer type, and whether the system is used for drying, dehydrating, or 
cooling. A Raymond kiln mill, used for these purposes, is shown in Fig, 17, 
A duet carrying hot air is connected to the return-air line of the separation 
system, The pipe for venting the surplus air and the moisture extends from 
the fan discharge to a concentrator, the object of which is to collect most of 
the dust in the surplus air and return it to the mill, the surplus air going 
through a vent fan, and a vent pipe to the atmosphere. The vent fan over- 
comes the pressure drop in the air system. Waste gases from industrial 
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Material 
alischarge 
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се may be used when available, except where discoloration or con- 
tamination of the product must be avoided, in which case hob sir must be 
ed, ‘The system of pulverizing and drying simultaneously is generally 
nown as'flash drying, This system is 
Used for the drying and grinding, not only 
of raw materials containing a moderate 
Amount of moisture, but also precipi- 
tated products in the form of a sludge 
Каз those coming from a filter or а cen- 
Mifuge. Figure 18 shows а flash-drying 
Installation for handling а wet sludge. 
he raw material is fed into a mixer 
Which receives some of the dry material 
being produced for the purpose of con- 
ditioning the feed to the flash dryer so it 
Will be in the proper mechanical condi- 
tion, ı The material from the mixer drops 
into the flash-drying system where it is 
1зрегвей by means of hammers or cage 
bars and thrown into the hot-air cur- 
Tent. "The dust-laden air passes up to а 
cyclone collector and is discharged in the 
usual manner, The vent containing the 
Surplus air and water vapor is discharged 
lo the atmosphere. Where this is not 
feusible, the vented gases pass through 
‘standard air filter. In Fig, 18 we show 
the cyclone collector discharging the 
В А ES „ 18—Flash-dryingy poir 
4 when it is desirable to ob- and nir-separating systern. 
tain a much finer product than is pro- 
duced by the flash-drying system. In this case the tailings or oversize from 
the air separator is discharged to the mixer and mixed with the raw feed. 
Where the air separator is not used, dry divider is placed on the bottom of 
the cyclone collector so that any amount of finished product may be by- 
Passed to the raw mixer. In Table 36 is given the cost of pulverizing and dry- 
ing precipitated calcium carbonate. 


Table 36, Cost of Grinding and Drying Precipitated Calcium 


Drying >| 
tower 


Carbonate 
Material.......... 3 И - -Calcium carbonate 
Initial moisture... - 55% 
Final moisture of the dried product.. 4% 
Топа of finish per 24 hr... T Sur 280. 
Heat used, B.t.u. «e $ 4,000,000 
Inlet temperatur x 1 600°F, 
Kilowatt hour... d 43 


"The cost of operation is at the rate of $1.86 per ton of finished product. 
This is based оп а power rate of 1 ct. per kw.-hr., on natural gas containing 
1000 B.t.u. per си. ft. at 25 ets. per thousand and labor at 60 сіз. per hr. 

Table 37 gives a list of products dried and pulverized on the flash-drying 
System. Table 38 gives data obtaining in grinding and drying bauxite. 

Dehydrating. The term "dehydration" is used to denote the removal of 
combined water as well as free moisture. Often the term “calcination” is 
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Table37. Partial List of Dried Products 


| Deyer moisture, 
| у Зо not basis 
Name of mate: irr 
T 
Chlorine powder... Filter | 
Chrome green. Leaf filter | 25 21 
Ооу бай treated. | Filter E] | 
Cooked blood | Pres 8 5 
Copper sulfate. Centrifugal Monohydrate 
Diatomaceous earth 450 | 56 
apontor| 57 avg. 7 
| Centrifagal 
в 7 
| 22 | 45 
00 | 56 
Prese 82 +10 
Centrifugal | 56-58 14 
т : 35 D 
Sewage sludge... ilc СЯ +10 
Sodium sulfite. <| Centrifugal | 50-82 | 00 
Starch Filter 42 7 
Steamed bone... mw | 4 5 
Sulphur concentrate. Fiter | 25 Do 
Synthetic casein, ыы | М 7 
Tannins. Filter | 60 3 
Waste yeast. [Leal fiter | 60 5 
Table 38. Operating Data on Grinding and Drying Bauxite 


Initial moisture, 
Final moisture, * 
Feed, lb. per hr. 
Product, lb. per һг........ 
Moisture evaporated, Ib... 

‘Temperature of gases entering 


"Temperature of кавез leaving mill, 


‘Temperature of feed, °F 
"Temperature of material leav 
Oil consumed, gal........ 
Heating value of oil, B.t.u. pe: 
‘Thermal efficiency, %. 


Total power for drying and pulverizing, b.p.. 


Power for drying, h.p. 


Final product, 
Table 39. 


‘Type of mill... 
Feed, Ib. CuSO«, 
Product, Ib. Ci 


H:O per hr.. 


Water removed, Ib. per hr. 


Product, % through 300 mesh. 


Oil consumption, gal. per hr. 


Power required by pulverizer, h.p.. 
Power required by dehydrating sys 


Se through 100 mesh. 


Operating Data of a Kiln Mill Dehydrating and Grinding 
Copper Sulfate 


Os Н:О per hr. 
‘Temperature of gases entering n 
‘Temperature of surplus air and moisture to 


п, © 


X. 
‚ФЕ. 


и mill, °F. 


9. 

0; 
12,560 
11,420 


1500 


75 
75 


. No. 40 Imp. 
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Applied to this process, although this term really involves the use of higher 
mperatures than used in dehydration. ‘Table 39 gives the operating data 
obtained in а kiln dehydrating copper sulfate (CuSO..5H:0). 

Cooling. Many materials are difficult to grind on account of their low 
Softening point, which causes them to stick, Others are so hard and tough 
that excessive heat is evolved during grinding, and cooling must be resorted 
to in order to maintain constant temperature in the system. Certain dyes 
and pigments change color if heated above certain temperatures. The same 
system is used for cooling as for heating; cold water is generally used for 
fooling the air, except where the temperature is very low, when brine is used. 
Tn handling hygroscopic materials the air goes through a dehumidifier before 
it is passed through the pulverizer. Gases which react chemically with the 
Dulverized material are sometimes introduced into the kiln, such as chlorine 
Каз in the manufacture of bleaching powders. 

Grinding of Combustible Materials. Certain materials, such as sulfur, 
starch, wood flour, cereal dust, dextrin, and coal, tend to ignite or explode 
When pulverized. Explosions may be caused by static electricity, sparks 
from furnaces or sparks caused by tramp iron, or by heat from chemical 
Teactions taking place in the charge. To guard against such occurrences the 
Pulverizer should be well grounded. Wherever a possibility exists for 
two parts of the system to become insulated from each other, they should be 
Connected electrically. Sometimes a narrow space between two plates may 

соте packed with material, and a condenser is formed. If the two plates 
become charged, a spark may discharge between them, Tt is now advisable 
to use bronze hammers and liners to decrease the danger of sparks caused by. 
tramp iron, The best means for handling combustible materials and to 
reduce explosion hazards to a minimum is the use of an inert atmosphere, 
“uch as carbon dioxide. ‘The safe concentration of oxygen varies widely. 

Brown and Clement [Ind. Eng. Chem., 9, 347 (1917)] give the oxygen limiting 

Concentration as 12 per cent for dextrin, wheat starch, and flour; for oat, 
Wheat, and corn-elevator dust, 14 to 14.5 per cent; and for standard Pittsburgh 
foul dust, 16 per cent, The critical oxygen content for sulfur mixture has 
been found by laboratory tests at about 9 per cent and for hard rubber at 
About 13 рег cent. Under actual operating conditions it is easier to designate 
the safe percentage of carbon dioxide, which may be registered easily by 
"ecording instruments. In general, if the carbon dioxide concentration 
does not go below S per cent, almost all combustible materials may be ground 
Safely, 

Use of inert gas is particularly adapted to pulverizers equipped with air 
Separation; flue gas is used for this purpose and enough is added to give a 
Predetermined content of сагђоп dioxide, or of oxygen. The system, 
shown in Fig. 17 is generally used for grinding sulfur. Instead of hot air, 
inert gases are supplied. Table 40 gives the cost of installing and of operating 
"unit for grinding sulfur in inert atmosphere. 

Cost includes the actual grinding of the sulfur from the time it enters the 
mill until it ia delivered into the bin above the bagging system but does not 
include the cost of bags or the expense of bagging. 

The installation used for sulfur can with certain modifications be used for 
starch, dextrin, and other combustible material, When beater mills or 
hammer mills are employed, it із advisable to make the beaters, hammers, 
Ad liners of bronze to minimize the possibility of generating sparks. 

Hard rubber is one of the few combustible materials which is generally 
ground on heavy steam-hented rolls. The raw material passes to a series of 
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Table 40. Operating Characteristics of a No. 5057 Roller Mill with 


Double-whizzer Air Separation 


Capacity and power Cost of grinding per ton 

|. sed - | май. Power | ? 

cre шш ү жыры 

per ton | per ton | 

200mesh 13:50 | 66 | $0.030 | 30:005 | $0.26 
200meh 1150 | 22 | 0% |. 06 » 
200 mesh) 9.00 9.8, | 1.00 005 36 
200 mesh) 6:50 | 130 | 105 | 00 48 
325 mesh} 450 | 170 | 1080 | 00 65 
325mesh| 375 | 192 | 2095 | 05 75 
325 mesh) 3.50 | 206 10, 1020 52 
325 ев! 300 | 240 | 2115 | 1025 3 
35meh 225 | 325 | 16 1030 1:25 
325 mesh] 175 | 390 | 220 1035 VAS 

9993 325 mesh). 150 | 455 | 23 100 1:70 
9995% 325 mesh) 1:25 | 550 | 28 050 2105 
99:999325 mesh! 100 | 670 | 35 1060 257 
99% under 20и | 0.65 | 100.0 | 153 100 2m 
99% under 104 37 | 170.0 | 9% 130 5.00 
99% under Su | 220 | 300.0 | 1:50 E) 9.80 


‘The micron sises were determined by microscopic count. 
‘The fixed charges in 
the interest earned on the depreciation reserve. 
‘The inert gus is based on using coke as a fuel at $18 per tou. 


ide depreciation at about 7% per year and interest on the investment at 6°% less 


The total cost covers the itemixed costs given above and in addition includes lubrication and various 


other miscellaneous costs, 
Cost of в Sulfur Grinding Installation 


Price of mill 0. Chicago, Ш $11,000 
Price of preliminary crusher. . 400 
Price of elevator 375 
Price of raw bin, 10-оп capacity i 825 
rico of finished product bin, 5-ton capacity’ Head Sah 
Price of equipment to produce inert gas. 11500 
Price of motors 8 Я 2000 
Freight to Eastern port... d 675 
Foundations and erection... 700 

318,000 


Total ostisi а... is 
‘The price of tho mill includes the followin 

0, 5051 ig side roller mill 

1 Pneumatic feed control 

1 Main exhaust fan. 

1 Double-whizser separator 

1 Variable drive including V-belts for driving whizzer 

1 Cyclone dust collector 

1 Rotary valve at bottom of cyclone 

1 Fan for introducing inert gas to mill 


Sufficient piping to connect the above parta so that the bottom of the cyclone may discharge the 


finished product 35 ft. above the base of the mill 
‘The abave price does not include motors. 
Motors Required for Mill 
1 60-h.p., 1200 Fp. motor for mill 
1 40-h.p., 1200 гора. motor for fan 


1 10-р 1200 трал, motor for whiner separator 
1200 гүр. motor for feeder 


1 Hu 
Y Lp. gesred-in-head 120 r.pax. output for rotary valve on cyclone 
1 2Ара 1800 гр, motor for COs fan. 
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Tolls in closed circuit: with: screens and dir separators. Farrel-Birmingham 
Tolls are used extensively for this work. There isa differential in the roll 
Tiameters, and the particular size best suited for the average hard rubber is 
One having rolls with 13-in. and 17-in. diameter and 20-in. face. The motor 
should be separated from the grinder by a fire wall. It is also desirable to 
qun these machines at rather low speed and low differential between the rolls 
Cause it is very easy to overheat hard rubber in grinding, making it 
Snoulder, which necessitates the shutting down of the grinder until it cools 
Of before clearing out the charged material. ‘The performance of a serica 
of rolls grinding hard rubber, producing a finished product, through an air 
Separator is given in Table 41. 


Table 41, Operating Characteristics of Rolls Grinding Hard Rubber 


Sumber of roller mills, оон * 

ire of each mill, in “MOONE 008 1-0 з Mid rA 
Motor оп each mill, hip 2 
Site of vacuum air separator, ft ы 
Size of motor on separator fan, hop d 

j ness of feed to separator, % through 100 mesh. 32 
jinenens of product from separator, * through 100 mesh 95 
roduetion, Ib. per br. : tie Jes 300 


A larger production could probably be attained, but operation at the lower 

tute is advisable to prevent generation of an excessive amount of heat. 
„It is always advisable to equip systems for grinding explosive materials 
ith relief vents to take care of an emergency should the inert gas cease to. 
unction, properly. Recently, several installations have been made for 
Krinding hard rubber in mills of the Bonnot roller type and in Fuller ball 
mills. The inert gas is introduced hot at а temperature between 110° and 
130°F, Certain grades of rubber are more easily reduced when ground 
Comparatively hot. 

Production of Granules. Seepage 1996. Itisoften necessary to produce 
i granule ога granular product. of definite size limits, such as a granulated 
Monocalcium phosphate that will all pass through а 50-mesh screen and, within 
А few per vent, remain on а 200-mesh sereen. This is not a simple problem of 
иіп and grinding but involves a complete process including the selection of 
à proper type of crusher or pulverizer, the best method of feeding, optimum 
Dumber of stages, and the most suitable method of screening, bolting, or air 
Separation. Тһе type of equipment to be used depends upon the nature 
Of the material and the nature of granule to be produced. Table 42 gives 


Table 42, Variations in the Fineness of Product Obtained with the 
Same Material in Six Different Types of Pulverizers 


re а је | ee 

T : 
20 mesh, |-о | о [о ° о | о 
30 mesh; 3$ | 30 10 3 0 | 05 
80 mesh 20 18. 12 5 1 Ц 
100 mash: |n | о а 7 2 | 35 
| 10 рл, БИ МИК УЦИ МИРЕ ad 
| 9| ла | ла 31416 
4 m «| 5 | 10.) 5 
M 4 6 | w | о и р 
"Through 325 soc з | 2] |: э | 
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the analysis of products obtained by pulverizing the same material in six 
different types of pulverizers. 

None of these mills gave a product satisfying the requirements of the gran- 
ular monocalcium phosphate referred to (—50, +200 mesh). Мо pulverizer 
on the market will produce such a material in one operation. For this 
purpose it is necessary to use a mill that will produce the largest percentage 
of particles between 50 and 200 mesh, with a minimum —200 mesh. The 
pulverized material may then be passed over a screen to remove particles 
above 50 mesh, the undersize being bolted or air separated to remove all 
below 200 mesh. Oversize is usually returned to the pulverizer. In Table 43 
some of the data have been rearranged to show which mill will give the best 
results in producing the granular product required, 
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Table 43. Selection of Best Pulverizer for Producing a Granular 
Product, —50, +200 Mesh 


Character of product | А | в | с | D | E | F 
% sns оп 50 mesh. rds .:| 35 30 10 ] 3 | 0 | 0.5 
% between 30 and 200 tici... 2 | юат | и 
® through 200 mesh, ananaso laino ieh 1029, 3 51 | 70 | 85 85 


Soft materials, such as clays, fuller's earth, diatomaceous earth, sodium 


bicarbonate, and monocalcium phosphate, are generally ground in regular 
flour mills to obtain в finely divided product. .A ratio of reduction of 2.5:1 
or even 1.5:1 is generally used; the material passes through a series of rolls 


with bolting reels, Sometimes air separators are used in the circuit for 
romoval of fines. Tuble 44 gives the results obtained in granulating soft 
materials to various particle sizes. 


Table 44. Granulation of Soft Materials to Various Sizes 


Diatomaceous | vue: Sodlum 

Bise of product required, mesh – 60 EE] -12 

dita +109 F150 +20 
Туре of mill used. | two rollee | two roller | two roller 
Number of milla їп serios. aea 2 5 
Sine of rolls, in. | 7х6 716 ту 
Capacity, lb. per У } 18 3500 2500 
Recovery from original feed, 55 5 80 55 
Horse power required, total. | 5 ю 30 


Some clays, fuller's earth, and diatomaceous earth are often calcined to 
obtain certain desirable physical properties. Such heat treatment hardens 
the material and makes possible granulation with a smaller percentage of 
fines. 

Cleaning and Concentrating. Many materials may be cleaned by 
removing impurities in а pulverizer equipped with air-separation apparatus 
or followed by air-separation equipment. Sand may be removed from clay, 
and refractory impurities separated from hydrated lime. Phosphate rook 
may be freed from such impurities as clays and silt. 
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The various oxides of lead, copper, and other metals often contain a certain 
Amount of unoxidized material. When such materials are fed to an auto- 
matic pulverizer with air-separation equipment, the relatively soft oxide is 
reduced to fine powder and separated from the metal. Results obtained with 
itharge and copper oxide are given in Table 45. 


Table 45. Removal of Metal from Litharge and Copper Oxide by 
Pulverizing and Air Separation 


| Litharge | corer ote 


ead, 1b. per br.. 
Metal in feed, %. 
ушр „рг: 295 

ings produced Ib. per br. 
Metal in product, 5 | 
Metal in baling, 2. | 
Oxide in tailings, %. ЧУ . | 


Туре and кше of automatic pulverizer. | 


ATRE 


quired, h.p. ©, 
Produet, % through 200 incl 


To separate lead from dross, skimmings, and scrap battery plates, tho 
Material is first, coarsely crushed in a high-speed hammer mill discharging to 
A screen, Oversize, almost all metallic lead, goes to the melting pot; under- 
Мае, a mixture of metal and oxide, goes to the pulverizer. 
на the leaning and concentrating of clays, chalks, and marls, water flota- 

lon is frequently used. The product is then dried and disintegrated in 
ammer or cage mills. If further cleaning is desired, the washed product 
Thay be processed in a series of air separators, the tailings from one separator 
being fed into the next. Tailings from the last separator are either discarded 
Ог fed to the water flotation system. Some clays give а sufficiently fine 
Product by dry pulverization and air separation, 

Lime, after hydration, usually contains all the impurities of the original 
lime, such as sand, gravel, core, and clinker. The mixture from the hydrator 
їв processed in an automatic pulverizer with a throwout, or in a series of 


‚ Table 46. Cleaning and Concentrating Hydrated Lime 


Sino of separator, diam., 


Eire of automatic palve No. 1 
Power for separator, h.p. 5 
Power for pulveriser, В.р 15 
Power for polveriser fan, hip. Lula 
Feed to separating system, tons per hr. SE 
Production of hydrated lime, tons per hr A3 
‘Tailings, tons per Вс, н 0:8 
Chemical, Analysis 
1 
Finished 
Feed | ot | Throwout 
ша and magnesium hydrate, sc 88.95 38,80 512 
Bia, s. залета убаце, 3.16 0:15 EN 
fon ind aluminum oxides, 55 226 0.12 20.42 
Daldum and magnesium carbonates, % 26 0.26 23:15 
Calcium and magnesium oxides, % 3.00 0.67 22:70 
Fineness, % through 200 mesh... EJ 9.5 45 
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separators, the tailings fromt the last separator being used for agricultural 
purposes.» The results obtained in processing hydrated lime are given in 
Table 46. 

Certain phosphate sands are cleaned snd concentrated to remove sand and 
silt, Table 47 gives the results obtained in processing dry phosphatic sand 
in ап automatic pnlyerizer with throwout, 


Table 47. Cleaning and Concentrating Phosphate Sand 


Size of automatic pulverize. - №,3 
Feed, tons per hr. 85 
Capacity (of throwout), tons per hr. 525 
Fines, tons per hr. 3.25 
Power required by pulverizer, b.p.. 15 
Power required by fan, b.p. 40 

Thiowout 1 
| 
Са РОО; content, $6 68 % 
өзб; + А103 content, $ 6 3 


‘The throwout product, contains most of the valuable material and is the 
product required. 
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Milling of Cereals and Other Vegetable Products into Flour and 
Granules, The roller mill is that most widely used for grinding wheat and 
rye into high-grade flour. A typical mill used for this purpose is fitted with 
two pairs of rolls, capable of making two separate reductions. After each 
reduction the product is taken to а bolting machine to separate the fine flour, 
the coarse product being returned for further reduction. The rolls run 
toward each other at different speeds in. order to. produce a rubbing action. 
Grooved rolls are used for erushing the grain, cleaning up the bran, and for 
grinding corn. For grinding to a finished product, smooth rolls are employed. 
Feed is supplied at the top where a vibratory shaker spreads it out in a thin 
stream across the full width of the rolls. For best results the feed should be 
regular, continuous, and even from one end of the roll to the other. 

Rolls are made with various types of corrugation, special corrugations 
being used where certain results are desired. Two standard types are most 
generally used; the dull and the sharp, the former mainly on wheat and ryo, 
and the latter for corn and feed. Under ordinary conditions, a sharp roll 18 
used against a sharp roll for very tough wheat; a sharp fast roll against а 
dull slow roll for moderately tough wheat; a dull fast roll against a sharp slow 
roll for slightly brittle wheat; and a dull roll against a dull roll for very brittle 
wheat. Table 48 shows the operating characteristics for several sizes of 
Toller mills. Speeds given refer to the pulley on the fast side of the mill; 
the speed on the slow side depends upon the differential in speed required, 
which usually is 214:1 for corrugated rolls and.114:1 for smooth rolls. 

Milling of wheat is not only в question of grinding and sifting, but it 
involves proper preparation of the wheat prior to grinding. As the grain 
arrives in the mill, it contains sticks, straw, string, sand, and other materials 
which must be removed. It is first passed through a receiving separator 
with three superimposed screens where cleaning is aided by suction. A 
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Heater separationis obtained with the milling séparator which is ised in 
weer mills. When the grain is very dirty, a-washer and drier is used. A 

‘eat steamer is often used advantageously. Uniform heating mellows the 
Wheat, berry and. во, conditions it that moisture can be added in whatever 
quantities desired in the milling: The grinding rolls become effective, und 
ther granulation is secured; bolting із also made easier. £ A prodiles ean 
аца be-maintained at a uniform standard, irrespective-of season. or the con- 
fui of the original wheat. A-mill, having a eapacity of 16 бо 20 bbl. of 
four (196 1b. each), equipped with а. 6--by 14-10. double roller-mill (corru- 
fated), a6- by 16-in, double roller mill (smooth), with accessories, requires 
10 to 12 h.p, 


Table 48. Operating Characteristics for Roller Mills 


She of rolla, j | Speed of roll | пуна pee 


| rpm. 
6x1 700 2 
6x 700 25 
616 200 H 
6X 20 700 4 
7X16 о 35 
2x 600. 4 
7х2 600. 5 
9x18 500, 5 
924 50 $ 
9х 36 500 7 
10 30 450 7 
10 x 36 450 B 
10 x 42 450 9 


The cereal milling industry produces a great variety of products besides 
four, such as meal, corn flour, graham flour, barley, onte, тув, buelewheat, 
Ominy grits, and whole-wheat flour. In addition to roller mills, buhrstone 
4nd attrition mills are used extensively, particularly when the whole grain is 
to be ground, Besides the double-roller mill used for flour, single-roller mills 
Эге used, principally for cracking corn: and rolling oats... Two-pair highiand 

ree-pair high roller mills are used to a great extent in the feed indusi 

8 former principally for coarse feed, such as screenings; the latter-for all 
fereal grains for table use and also for various grains for feed. This mill can 
be used in combination, the top pair for cracking corn, the middle pair for 
finishing into coarse feed or corn meal, and the bottom pair exclüsively for 


Table 49. Operating Characteristics of а Double-runner Attrition 
Mill with Two Rotors Running to Opposite Directions 


Sing of mill, In. Speed, pan. | b 7 m 
16 2400 1.800 {0-15 
20 2000 3,000 15-20 
24 1800. 5,500 25- 40 
30 1500 6,600 50- 75 
36 130 10,000. 60-100. 


tolling oats. The various feed stuffs are also ground on swing hammer 
mills, Operating characteristics for single- and double-runner attrition mills 
are given in Tables 49 and 50, 
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Soy Beans, Soy-bean Cake, and Other Pressed Cakes. Boy beans are ground 
in about the same manner as the various grains, depending on the nature of 
the product desired. Roller mills, dryers, and bolting reels may be used. 
After granulation on rolls the granules are generally treated in presses to 
remove the oil. The product from the presses goes to attrition mills or 
flour rolls and then to bolters, depending upon whether the finished product 
is to be a feed meal ог a four. If the whole cake is to be pulverized without 
removal of fibrous particles, it may be ground їп а hammer mill, with or 
without air separation А 20-h.p. hammer mill with air separator, grinding 
pressed cake, had a capacity of 300 Ib. per hr., 90 per cent through 200 mesh; 
а 20-h.p, screen-hammer mill grinding to }{g-in. screen produced 1000 lb. 
per hr. 
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Table 50. Operating Characteristics of a Single-runner Robinson 
Attrition Mill, Grinding Grain 


Stee of milll 


161. | лвы, | юш. | ш. | 26. | 3b. | 32. | 36 ta. 


| 


250 | 2250 | 220 | 1800 | 1600 
1000 | 950 | 900 | во | 750 

1200 | 1600 | 2000 | 3300 | 4000 | sooo | 5300 | 6300 
129 | 1300 | 1500 | 1900 | 1900 | 2200 

65 | 8 | wo | 150 | 20 

9-12 | 10-15 | 12-18 | 20-30 | 22-32 | 25-35 | 28-38 | 30-50 
| 9-12 | 10-15 | 12-18 


1400 | 1300 | 1200 


5-8 | 69 | 810 


hour, 


* Power vl 
# Power for cracking cora. 


jen grinding feed or corn meal. 


Table51. Operating Results with Hammer Mills, Pulverizing Various 
Seed Cakes 


Capacity, tons per ће. 
Matertal Bulverlzer | ——  ——  — — Horse power 
Pea meal | Pea and fiver | Extra fine 


Cottonseed cake «| Willams | 1 3l 8-2 
 Expeller cake... 1 Williams | 24-3 243 4 25-30 
Linseed cake. i: Williams | 6 -8 5-5 +5 50-60 


‘The method used for grinding pressed cakes depends upon the nature of 
the cake, ita purity, residual oil, and moisture content. Many of these 
materials are treated in hammer mills, especially where no fine reduction is 
required. In many cases the hammer mill is used merely as a preliminary 
pulyerizer, followed by вп attrition mill А finer product may be obtained 
їп а hammer mill in closed circuit with an extraneous sereen or air separator. 
Table 51 gives the results obtained with hammer mills grinding linseed cake, 
cottonseed cake, castor cake, corn cake, and other expeller cakes. 
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Cocoa Powder. Pulverization’ of cocoa powder involves "processes for 
heating and cooling the powder in its travel through the equipment. Besides 
Producing a powder of uniform fineness the proper color must be obtained, 
Renerally а dark tan or brown, approaching a chocolate color. This color 
із obtained by heating the cocoa moderately during the grinding, whereby 
it darkens to the desired color; if the powder is then chilled suddenly, the 
dark color remains permanently. The cake from the presses usually contains 
20 to 25 per cent butterfat, although the present tendency is to lower this 
timount.to 15 per cent or even less for the cheaper grades, The material from 
the pulverizer is chilled in/ a screw conveyor and taken to a bolter or air 
Separator. In recent years, bolters have been largely replaced by air 
separators, and pulverizers of the hammer-mill type with internal sereen 
Beparation, 

Starch and Other Flours. G 

ut pree 


ding of starch is not particularly dificult, 
utions must be taken against explosions; starches must not come in 
Contact with hot surfaces, sparks, or flame when suspended in air. Whore a 
Product of medium: fineness is required, the average hammer or benter mill 
of the sereen- type is employed. For finer products the air-separating 
Pulverizer of the beater type, or a screen-hammer mill in closed cirouit with 
АП extraneous air separator, is used. Potato flour, tapioca, banana, and 
Similar flours are handled in this manner. Table 52 gives the capacity of 
ifferent types of pulverizers. 


Table 52, Operating Results with Various Pulverizers, Grinding 


Flour 
Corn starch Potato starch Taplooa flour 
сона А ша | لال‎ | пир 
—— n 
“S وام ر‎ ИР. ا‎ 
барону, Ib, per hr. 3000 | 2000 2000 
РА 5 75 40 
W through 300 mesh. 25 92 98 
|. Besteramill (with Beatertill (with Beater-mill (with 
si separator) рате | air separator) plverier | sir separator) рабов 
Cody, Ib, per hr. #000 | jig um 
jf through 200 mesh 95 
а a E 75 5 


Sereen-mill (extraneous 
air separator) pulveriser 


Capaclty, Ib, per hr 3500 
df through 200 mesh 90 
ore power required E) 


Hay and Other Herbage. Loose hay, velvet beans, snap corn, alfalfa, corn 
fodder, bean straw, and other herbage are ground in hammer mills equipped 
With perforated screens. "The Williams hay cutter is equipped with special 
feed, and а belt conveyor carries it under з draper which compresses it and 
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forces it into the cutting mechanism. The material is cut between high- 
speed chisel-shaped hammers and a stationary cutting knife. The fineness 
is regulated by the size of the openings in the screen ог cage. А mill equipped 
with а 0.5-in. cage when grinding hay at the rate of 6 to 8 tons per hr, requires 
125 ко 150 h.p. When coarse alfalfa is further reduced to a fine meal, a 
hammer mill producing 2 to 2.5 tons per hr. requires 100 to 126 h.p. 

Dried Fruits and Vegetables. Pulverization of dried 1гшїз апа vegetables 
is greatly affected by the residual moisture and by the drying process used. 
Certain drying processes embrittle the material, giving a product that is 
easily ground. Swing hammer mills, with slotted or perforated screens or 
cage bars, are most generally used. A recent development is the use of an 
air-separation pulverizer for dehydrating and pulverizing wet waste fruit 
pulp. Hot air is introduced into the machine, and the moisture is removed 
while the material is being pulverized and conveyed to the bagging machine. 

Metalliferous Ores. Ores are ground both wet and dry in open and 
closed circuit, although in later years the tendency has been toward wet 
grinding in closed circuit with a classifier. Reduction varies from в 16- to 
35-mesh product for table concentration up to 100 to 200 mesh for cyanidar 
tion. "he mills used in the majority of cases аге ball mills, rod and tube mills, 
and stamp mills. 

Non-metallic Minerals. Dry grinding is most generally used; wet 
grinding is resorted to where certain impurities have to be removed, such 
as iron oxide or fine grit, and where washing imparts certain desirable proper- 
ties to the finished product. The system of wet grinding and classification 
chosen depends upon the nature of the material. Very hard materinla are 
ground in ball mills with hydraulic classifiers, the finished product going to а 
filter press and dryer. After drying, the cake generally has to be broken up 
in some type of disintegratoi 

It is often possible, par 
dry grinding with a s 
impurities such as grit anc 
the grinding of non-metallics in open or closed ci 
often to obtain many grades of the same material by tying air separators and 
screens into the grinding system to remove various-sized products. Choice 
of equipment generally depends on (1) hardness and (2) contaminations. 
Most of the refractory silicates are ground in ball mills and tube mills in 
continuous or batch operation. Silex or flint lining and balls of flint, porce- 
Jain, and similar materials are used where iron must be kept out. Capacity 
of any system decreases rapidly with increasing fineness of the material; 
this applies particularly to non-metallics, where extreme fineness is usually 
required. 

Sitica and feldspar are ground in silex-lined mills with flint balls, Feldspar 
for ceramic and chemical industries is ground finer than for the glass industry- 
The following description of a feldspar mill is abstracted from U.S. Bur. 
Mines, Information Cire. 6488. The flow sheet shown in Fig. 19 may be 
modified to the treatment of many other non-metallics. The fine-grinding 
department consists of three silex-lined Hardinge mill units with flint pebbles, 
27 to 28 r.p.m., each fed from а 50-ton surge bin by James automatic belt 
feeders. Unit 1 has an S- by 4-ft. Hardinge mill, discharging by an elevator 
to a Саусо air separator or a James vibrating screen, according to what kind 
of product is desired, a fine (120 to 250 mesh) or a coarse (20 mesh). An 
intermediate product (40-100 mesh) is made by removing fines in the Саусо 
and screening the coarse. A tube mill is used in connection with unit 1 for 


cularly with а soft material like clay, to employ 
з of air separators, at the same time eliminating 
and. Nearly every type of pulverizor is used in 
uit. The objective is 
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fine grinding; it receives about half the over: 
half returning to the Hardinge. Plant capacity is increased about 8 per cent 
by the use of the tube mill. inished products from screen and separator 
are elevated to the top of the plant, sampled automatically, and delivered 
through chutes to five 50-ton bins. Fine-grinding units 2 and 3 are similar 
to unit 1, with the exception that the Hardinges are smaller, 8 by 3 anda 
double Hum-mer screen is used in conjunction with a Sturtevant air separator. 
АП chutes and feeders are 
lined with silex or rubber. 
As aspar free from fines 
is desired by the glass 
dustry, crushing із done 
with rolls. Discharge 
from the Reliance 
crushers, about Ма, ^ 0 
size, or from the dryer, is 
transferred by conveyor 


ize from the Gayco, the other 


+20 +28 +40 +48 +6 
Mesh 


with magnetic-head pul- + 50[- * 

ley to а bucket elevator § 40 20 MESH (GLASSPAR UNIT) 
discharging into a 125-ton Y o 

surge bin feeding Sturte- & 20 

vant rolls set 36 in. apart. $ 20 |- 

The discharge is elevated 5 jo |- 

to а double-deck Hum- 8 007% Hir 


mer screen with l-in. +20 +26 +40 +48 +65 +100 +140 +200 -200 
and 20-mesh screens. Mash: 

Oversize on the coarser Fla. 20 —Comparative screen analysis of granular prod- 
sereen is returned to the USS obtained from two different types of installations. 
rolls; intermediate goes to а second Sturtevant set Мв apart, and under- 
size through 20 mesh, which is now finished as to maximum size and is 
carried by belt conveyor and elevator to a Gayco air separator for remo: 
of fines, Discharge from the second rolls is elev ‘ated to a second double-deck 
Hum-mer with 8- -mesh screens; oversize from the coarser is returned 
to the rolls, intermediate to a third set of Sturtevant, rolls set close, and the 
undersize through 20 mesh to the Gayco. 


Table 53. Granular Grinding on Hardinge Mills with Vertical Grate 
and Discharge Flights 


Discharge from the third веб of rolls is elevated to a third double-deck 
Hum-mer with 10- and 20-mesh decks. Oversize on 10 mesh, principally 
mica, is removed as а by-product, the intermediate goes back to the rolls, 
and undersize through 20-mesh joins the similar products from the preceding 
screens on their way to the Саусо. А small amount of —140-mesh material 
in the undersize through 20 mesh is finally removed in the Gayco. The over- 
size from the Gayco is elevated to а Hum-mer and separated into two sizes, 
—20 +40 mesh, and —40 +140 mesh, which are held in 70-ton feed bins and 
run over two Johnson induction separators, one machine for each size. 
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Figure 20 gives the comparative screen analysis of the two units as installed. 
The Hardinge mill, just discussed, had not been designed for granulating. Tt 
Was a very fine grinding mill arranged only for trunnion overflow. It was 
therefore not possible to pass the spar through the mill fast enough to prevent 
Overgrinding. As a result the Hardinge product shows a much higher 
Percentage of the undesirable —200-mesh material. Table 53 gives the 
results of а Hardinge mill equipped with a vertical grate and discharge 
flights for granular grinding, which shows that the products from the two 
Systems are more nearly the same, 

‘The mill was arranged to operate in closed circuit with a vibrating screen 
4rinding nepheline syenite for the glass industry. 

With slight modifications the systems may be used to produce a fine grade 
Ог granules from the following materials: quarts, slate, marble, corundum, 
carborundum, tripoli, pumice, and voleanie ssh. Practically all abrasive 
silicates are handled in ball and tube mills followed by air separators. ‘Table 


Table 54, Grinding Refractory Siliceous Materials in Pebble Mills 


| Feldspar- Silica sand | Enamel frit Grog 
8 x во” 8X 48" 4 x 167 5х 2" 
995, i 98% through | оля, roh | 95% йош 
4% through | 989% 0 thro Га 
шей | 3 meh | йш | _ (0 mesh 
1» 1% 0:225 5 
68 58 8.5 28 
2 20 
| 10000 12,000 2000 2800 
| 2 18 30 
1 У мин мо: 1 
«| Hardinge Ае {Такен 
йш and grinding medium, . . Flint block and Aint pobbles Steel 


54 gives the resulta obtained with Hardinge pebble mills, grinding several 
siliceous refractory materials, 

Tale and soapstone are generally easily pulverized, although certain fibrous 
"nd foliated talcs may offer great resistance to reduction to impalpable 
Powder. Arranged according to the resistance offered to fine pulverization, 
talos from various sources may be listed as follows: Italy, Manchuria, Russia, 
France, California, Vermont, Georgia, South Africa, India, Quebec, North 
Carolina, Ontaris winia, North Carolina (pyrophyllite), Massachusetts 
foliate), New York (Natural Bridge), New York (Gouverneur), 


Table 55. Grinding Characteristics for Various Grades of Talc 


TE Cont of 
юше of talo Fineness рее | Hore | grinding 
Source of tal Ib. per he. | power | Sertan 

өю | в | 90,98 
mM | B | 3099 
3 | 5 | из 
$0 | м | по 
5» | s | Ию 
жю | о | из 
эю | 25 | stes 
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Table 55 gives data obtained in crushing various tales to impalpable 
powder in a five-roller high-side Raymond mill, the feed measuring 1 in. 
ог under. 

Costs given do not include primary crushing or bagging. Power is figured 
at 3 ets. per kw.-hr, and labor at 50 cts. per hr. Depreciation, interest, 
maintenance, and lubrication are included. 

0.5. Bureau of Mines, Bull. 213 gives an excellent description of mining 
and processing talc and soapstone, which may be applied to many of the other 
mon-metallics. Tube mills, 150 h.p. each, lined with silex or porcelain, аго 
set in two lines of four each in tandem, Each line has a capacity of 2 tons 
per hr. Closed-circuit grinding with air separators is frequently employed. 
Batch grinding is also used. Batch pebble mills are operated for a certain 
length of time, up to 8 hr. for the finer grades, before dumping» In Taloville, 
N.Y., 6 by 8-ft. pebble mills are used, 30 to 35 h.p., charged with 1 ton talo 
and 3 tons flint pebbles and rotated for 4 to 7 hr. at 2214 to 23 r.p.m. 

Clays and Kaolins. A large percentage of clays and kaolins are washed and, 
water-floated, after which they are filter-pressed, dried, and disintegrated in 
hammer mills or disintegrators, followed by a series of air separators. This 
is of special advantage when the clay contains impurities such as fine mica 
flakes which are not removed by water flotation. Wet and dry pans and 
swing hammer. mills are used in most brick, tile, or pottery plants where 
comparatively coarse pulverization is required. 

Clays used ín the chemical industries as a constituent of paint and as a 
filler for paper and rubber are both wet-ground and dry-ground. When it is 
necessary to treat the clay chemically, it is generally wet-ground and treated 
ав above. The tendency at present is to dry-grind most clays which do not 
require chemical treatment. The roller mill with air separation is usod nearly 
exclusively, particularly on the southern clays. The raw material, after 
being crushed, passes through а rotary dryer and the moisture content reduced 
{о about 8 or 10 per cent. The material from the dryer goes to a roller mill 
with whizzer separation. Hot gases are introduced to the mill which com- 
plete the drying while the material is being pulverized to the necessary fine- 
ness. Even on washed clays there is a tendency to partial drying of the 
clay in an extraneous dryer and to finishing the drying and pulverizing їп ап 
air-separation mill which may be of the roller-mill type or of the hammer-mill 
type. These mills are equipped with automatic throwouts, во that в high 
percentage of impurities such as silica sand may be eliminated from the 
system, On an average grade of unwashed clay a No. 5 roller mill equipped 
with whizzer separation will grind from 3 to 314 tons per hr. to a fineness of 
about 99.95 per cent through a 325-mesh screen, while on washed сіңу the 
capacity will be from 30 to 40 per cent higher. When grinding 314 tone an 
hr. of а raw clay, the power consumption will be about 100 h,p., and it takes 
about 750 cu. ft. of natural gas containing 1000 B.t.u. per cu, ft. to dry the 
clay from 10 per cent moisture down to about 1 per cent. 

Mineral. pigments, such as ochers, umbers, siennas, and red oxides of iron, 
were for many years ground on stone mills and bolted, When the materials 
were wet-ground and classified, they were filtered-pressed, dried, and dis- 
integrated in в cage mill or a hammer mill with screen separation. This је 
still the process when the material is water-floated. When the oxides are 
ground dry, roller and hammer mills with air separation have replaced a 
great many stone mills. Even when bubrstones are used, bolting has 
generally been replaced by air separation. Some of the red pigments are 
still ground on buhrstones as the idea prevails in some quarters that the stones 
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ci 


99, 


Oxides of iron. 


ircuit with an 8-ft. air separator produced 300 Ib. 
-2 per cent, through 
Operating characteristics of a Raymond No. 5 high- 
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325 mesh, with 15 h.p. on the stone. 


make а smoother and richer colored material. -A 36-in. buhrstone in closed 
per hr. of ground hematite, 
Table 56 gives 
side mill grinding various 
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"Table 56. Grinding Iron Oxides in No. 5 Raymond Roller Mill 
Capacity ‘Total horse 
Pok | АЕ 

Ри | 99% through 200 mesh | 5950. 23.5 

99.5% through 200 mesh 5800 22.1 

4 99% through 200 mesh | 5200 26.9 

99.5% through, 300 mesh 5400. 25.9 

| 99:95 through 200 mesh | 4500 31:0 

99% through 325 mesh 3100 45.0 

ron oxide (precipitated), 99.95; through 325 mesh 1800 72.5 


Power consumption includes power required for grinding, separating, and 
Conveying product to bins above the baggers. A 4.5-Н. by 1640. Hardinge 
sifier, grinding 50-mesh, iron oxide 

33 per cent moisture for the paint trade showed a capacity of 25 tons 
|24 hr., 100 per cent through 200 mesh. Power consumption was 20 h.p., 
speed 30 r. 


сошещ mill in 
With 
г 24 


, Non-metallic 
limestone, с 


Used. as fillers 


treated under the heading Cement, Lime, and 


Table 57, Capacity of Raymond Roller Miller, Grinding Limestone 


Лене, marble, marls, 
‘portant sulfatos are barite, celestite, anhydrite, and gypsum; these are 


m and anhydrite are 


closed circuit with с 


p.m,, ball load 4000 Ib. 
Carbonates and Sulfates. 
halk, 


in paint, paper, and rubber. 


s 
psum. 


Non-metallio carbonates include 
dolomite, and magnesit 


the 


most 


Fi No.2 No.3 Xo, No. 5 
ло | nien roller mill roller mill roller mill 
Lb. per hr. 
33% (гош 200 mesh. ...... 4200-4500 6500-7000 8500-9500 | 11,000-12,000 
5% through 200 шеяһ..........| 3700-4000 5700-6200 8000-8500 | 10000-11000 
9925 (trough. 200 mesh. ....| 2600-3000 4000-4500 5500-6000 7.000- 7,500 
rough 200 me.........| 2000-2300 | 3000-3500 | 4000-4700 | 5000: 6,000 
$955 through 300 mesh, 1200-1300 | 1900-2000 | 2400-2700 | 3200-3500 
99 through 325 medi i| 1000-1100 | 1600-1800 | 2000-2200 | 2/800- 3:000 
39% through 325 mesih... sss] |< 900-1000 1400-1600 | 1800-2000 | 2500- 2800 
‘Total hip., and eost in dollars per ton 
755: thn : 

db through 200 mesh..........| 55-65,80.79 | 70-75, $0.69 | 90-95, 50,62 | 100-105, 30.58 
S through 200esb..........| 5335, 0.88 | 65-70, 077 | 88-90, 075 | 95-100, 0.20 
HIE Е 

гош А 5. 125 3 
39 through 300 mesi 235 2:06 | 75-80, 1:88 | 85- 90, 1,68 

70-75 80- 85 
2.30 | 65-70, 2.05 | 75- 80, 1.92 


‘Table 57 indicates the results obtained with several sizes of Raymond 
mills grinding typical limestone; these results may be supplied to practically 
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the entire group. When a material is very soft, such as high-grade barite, 
the capacities may be about 25 to 35 per cent higher. 

Of the carbonates, magnesite is generally the hardest to pulverize. "This 
material is often calcined and pulverized in the same manner as lime. Dead- 
burned magnesite is treated as cement clinker. 

Fluorspar. А No. 3 Raymond roller mill grinding fluorspar had a capacity 
of 3700 Ib. per hr., 95 per cent through 200 mesh, with a power consumption 
of 32 b.p. on the mill and 23 h.p. on the fan, a total of 22.3 h.p. per ton. 
Magnesite, generally the most difficult of the carbonates to pulverize, grinds 
similarly to fluorspar. When calcined it is ground in the same manner as 
quick lime. Dead-burned magnesite is handled like cement clinker. Table 
58 gives the results obtained in a Hardinge mill, wet grinding barytea and 
limestone to be used as а paint filler. 


Table 58. Wet Grinding of Barytes and Limestone in Hardinge Mill 


| Limestone Barytes 

Bhe of mill,..... | 7x3" 
Size of feed. Ти" 
inenga of produc mesk | | 300 

'apacity, tons per hr. 2 
Mill speed, rpm | | т 
Power for mill, h.p. | | 5 
‘Classifier system, | | бе 
Moisture in mill, %.. | 28 
Type of mill lining NES Flint. 
Grinding mediums. Coarse limestone | Lump barytes. 


Asbestos and Mica. The choice of crusher for asbestos depends on whether 
в long or a short fiber is desired. Crushing is done in slow stages to preserve 
as much as possible of the fiber length. Primary crushers employed are 
usually of the jaw type with secondary crushers of the smallor jaw type. 
Small gyratories and corrugated rolls are also used. With some grades а 
third reduction may be required. After drying and crushing to about 2 in., 
the asbestos rock goes to the so-called fiberizing machines, which reduce the 
rock, liberate the fiber, and split it into fine and coarse fiber. There are 
different types of fiberizers, the swing hammer mill, the Jumbo, and the Laurie 
and Pharo cyclones. The Jumbo consists of a cylindrical shell surrounding 
а shaft with six pairs of arms placed at 6-in. intervals and disposed crosswise 
to each other. ‘The arms are of heavy steel bars with chilled iron beaters, 
the faces of which are constructed on an angle, The Laurie cyclone consists 
of two beaters of the screw-propeller type, driven in opposite directions at 
1700 to 2000 r.p.m., in а cast-iron chamber. The Pharo cyclone was designed 
to overcome the tearing effect on the fiber, one of the objections to the Laurie. 
It is of the same general type, but the hood above the discharging end is cut 
off immediately above the latter, and the crushing blades, or beaters, of which 
the paddles are one right and the other left, rotate in the same direction. 

As the material reaching the mill contains a large amount of freed asbestos, 
separation of the fiber begins immediately. Tt is first put through a sereen- 
ing trommel, the fines are discharged on a shaking screen, and the overflow— 
all above 114 in.—falls into one of the fiberizing devices which discharges 
on the same screen. The latter is slightly inclined and is made from wire or 
perforated plates. It has an oscillating movement which, apart from the 
sizing of the rock and eliminating the sand, causes the fiberized asbestos to 
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Tise to the top, The liberated fiber is taken up by а fan, while the overflow 
falls into a second fiberizing machine, which discharges, like the first, on a 
Screen, where the asbestos is again lifted by a fan, and so on until the rock 
is practically entirely pulverized. Tailings free from asbestos go to the 
dump. 

Asbestos is often pulverized. This is the case when it is used for molded 
Products. Тһе pulverizing is usually accomplished by passing the material 
through a series of buhrstones or by using a high-speed screen mill with air- 
transport system. A mill with a 16410. screen pulverized 400 Ib. per hr. 
With 13-b.p. power consumption. Certain impurities, such as sand, gravel, 
and hard fiber, may be removed by using an air-separation pulverizer with 
Automatic throwout, as described under Hammer Mills. Operating charac- 
teristics for a mill of this type are given in Table 


Table 59. Pulverizing Impure Asbestos in Screen Mill 


Type of automatic pulverizer....... z = io Nout 
Ир. required by palverizer. MM 15 
H.p. required by fan. 20 
Capacity, Ib. fine asbestos per hr. ......- LZ ous 
Tailings, Ib. per ћи. . = 5. 


оп 10 mesh. 
Son — 20mesh. 


Son 48 mesh 
Son 65 mesh 
on 80 mesh.. 


Son 100 mesh. 
‘Through 100 mesh, 


The cost of pulverizing this impure asbestos fiber is about; $2.52 рег ton 
material fed... This price is,based on a power cost of 2 сів. per kw.-hr., 10 
ber cent depreciation, 6 per cent interest, and labor at 50 cts per hr. 

е micas, ав a class, are difficult to grind to a fine powder; one exception 
15 disintegrated schist in which the mica occurs in minute flakes, The 
material pulverized is generally the waste from production of sheets and scrap 
ftom punching and trimming. in order of increasing resistance to 
grinding to a fine powder, micas from various sources may be classified as 
ollows: Madagascar, Ontario, Quebec, Manchuria, India, New Hampshire, 
North Carolina, South Africa, Russia, Brasil. 

ica is pulverized wet or dry; the wet-ground product is the more desirable, 
as it retains its luster to а high degree. When ground wet, it is first passed 
through revolving screens with a constant stream of water; it is then ground 
in wooden chaser mills at а slow rate and graded after drying, by passing 
through a series of bolting reels, the finest reel being about 200 mesh. A 
modification of this process lin certain European countries, wher 
the mica is ground in chaser mills and buhrstone mills. The water with the 
Eround mica is passed over screens and thus graded. After pressing out, the 
Water, the solids are driéd and disintegrated in a double-cage mill Table 
80 gives data obtained in wet-grinding a Manchurian mie 
For dry grinding, hammer mills equipped with an air transport system 
are generally used. The material, after dropping through a perforated screen 
into the intake of an exhauster, is collected in a cyclone followed by bolting 
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Table 60. Wet Grinding Manchurian Mica 
Amount passed through mill, Ib. per hr... 
Total power consumption, including pumps, screen 

and conveyor, kw... т » 
Power consumption, kw.-hr. per ton pro 
Sereen analysis, feed to bolting reels: 


400 


mill elevators, 


% on 20 mesh duy 5 
% on 50 mesh | 18 
% on 80 mesh. 5 н 17 
% оп 100 шезһ.. 12 
% оп 200 mesh., > 44 2.0819; 
Through 200 тпевһ.. бъра Э . 99 


reela. Table 61 gives the operating charaeteristios grinding North Carolina 
mica in a high-speed hammer mill with flat beater blades firmly bolted to 
the beater disks and surrounded by a 16-mesh screen. 


Table 61. Grinding Mica in High-speed Hammer Mill 


Size of mill М + No. 1 Screen 
Size af motor ( 60 

Size of feed. Е | Serap 
Production, I di 950 


Screen analysis of discharge, % on: 
20 mesh 40 mesh 60 mesh 80 mesh 100 mesh 150 mesh through 150 mesh 
1% 5% 23% 16% 10% ng” E I M 

Тог coarser grades, в 10- to 12-mesh screen is used. 

The Fertilizer Industry. Many of the materials used in the fertilizer 
industry are pulverized, such as those serving as sources for caleium, phos- 
phorus, potassium, and nitrogen. The most commonly used for their lime 
content are limestone, oyster shells, marls, lime, and, to a small extent, 
gypsum. Limestone is generally ground in hammer mills, ring roll mills, and 
ball mills. Fineness required varies greatly from —10 mesh to 75 per cent 
through 100 mesh. 


Table 62. Operating Data Grinding Oyster Shells and Burned Lime 
in Hammer Mills 


Туре of mill 


pacity, tons ре 


15x 8 0.5-0.75 8 
20 x12 1-15 12 

Jeffrey. issus > 24518 2-3 E] 
30x24 4-5 30 | 
36х24 8-0 ° 
2х9 15 8 
20X12 4 20 

Stedman, . 24 xX 20 8 40 
30x30 2 60 
36 X36 20 100 


Oyster Shells and Lime Rock. Operating characteristics for hammer mills 
grinding oyster shells and burned lime for agricultural purposes are given 
in Table 62. 

‘The data for the Jeffrey mill refer to the pulverization of oyster shells and 
(ће data for the Stedman mill refer to the pulverization of burned or quick- 
lime through а 1-in. bar opening. 
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Phosphates. Phosphate rock із generally pulverized for one of two major 
Purposes: for direct application to the soil, or for acidulation with sulfuric 
“cid in the manufacture of acid or superphosphate, phosphoric acid, and the 
various phosphates. Table 63 gives the data for pulverizing phosphate 
materials іп a Raymond five-roller mill equipped with integral air separation, 
And in ring roll mills equipped with extraneous air-separation units, 

Table 63. Capacities, Grinding Phosphate Materials 


Production, tons per br. 
| ma. | Cost, dollara 
525% Фоа) | O) 90-95% through ah 
through 200 mesh Я 1 
а | +» | а |» 
| ~ | 
Algo. 3 в 
tkansas block ток... à 5 | 19 |0 | 0.70 
ріш 12 
Bohemia (apatite) 17 
dmi (apatite), 3 ој a ee 
rida (peto) D Hom |0 | 0.73 
{ 1 17 | 24 | 0:48 | 0:68 
55 15 | 0:42 | 0.59 
lo 1 ii | 19 | 0.46 | 0:68 
Kentucky, 5 12 | 17 | 0:42 | 0,60 
Moroeeo, 7171117 ^ n 
‘etic and indian oceanaz 
Angaur Island. | 2 
"hristmas Islan n 
Marshall lands... d 
Makatea Island. IH 
(auru Island. .. 13 
cean Island, IH 
шш (Podolian) T5 | | о] 085 
'ennessco (bluo ros 5 . 
о 5 12 | 7 o4 [od 
"enuesee (gray rock) 5 12 | 17 |04 | 0.60 
'ennesee {phosphatic me- 
Жош). ea 3 45 14 | 18 | 0,46 | 0.65 
South Carolina, i 35 17 | 24 |052 | 0.73 
Ей ыу e nr а 
cule coarse material (а) is used for acidulation, and the fine material (0) for direct application to the sol, 


't data are based on power at 3 cts. per К-т. and labor at 50 ets, per br. 

Some average results obtained in grinding various organic and inorganic 
"^w materials for fertilizers are given in Table 64. 

Inorganic salts seldom require fine pulyerization, but they frequently 
«come lumpy. In such a case they are passed through a double-cage mill 
Table 64. Results Obtained in Grinding Raw Materials for Fertilizers 


З па | Baz open- Газета | Бебе 
Магна пате Tomer | Mi les в: 

| 
Acid phosphate, [Stedman | 36h moo | 4 
Казны. ИЕ E 
Dry Кар, ПЕ Williams | Shredder 2 н | 1200 35 
Я Deer [AMXPR м | 7m | 4 


N 
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or a hammer mill with the screen or cage bars removed. This is done with 
ammonium sulfate from by-product ovens and sodium nitrate, When 
used as an ingredient fertilizer the latter is generally mixed with other raw 
materials, and the mixture is later disintegrated. The various potassium 
salts used in fertilizers are generally shipped ready for use, but if they have 
become caked in transit they are broken in an ordinary disintegrator. 

Basic slag is often used as a source of phosphorus. , Its grinding resistance 
depends largely upon the way it has been cooled, slowly cooled slag generally 
being more easily pulverized. The most common method for grinding basic 
slag is in a ball mill followed by a tube mill or a compartment mill. Both 
systems аге in closed circuit with the air separator. А 7- by 5- 
requiring 125 h.p., operating with a 14-ft., 30-h.p. separator, gave a capaci 
of 5 tons per hr. from the separator, 95 per cent through 200 mesh. М 
product was 68 
per cent through 
200 mesh, and 50 tans £ 
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„Мо, 6 separator 


circulating load _ Per^r- No. 2 18! separator 
100 per cent. 
The Cement, (Approx. 37 tons per hie 
Lime, and D. | ИУ 
222 ag) 
ойша ae Oe АЙ А ғо tone pec hr. 


dustries. Port- 


laud cement is Peripheral 4 t 
GIAN M 18 pre “Approx. Sens per hr. 
per hr. 


72% through 200 fresh 


p ETUR: 3705 per hr+ circulating loool 


latter the mate- 
rial is dried in 
rotary dryers ргі- 
or to grinding. 
It is then burned 
and the clinker “0908 per hr. maximum 

pulverized. In ^ Fig, 21.—Three-compartment compeb mill (with peripheral 
the wet process sereen on first compartment) in closed cirouit with two air 
the materials are separators grinding and separating the raw mix in в сетове 
mixed and plant. 

ground, a certain 

amount of water is added, giving a mill discharge with up to 40 per cent 
water. The slurry is calcined in the usual manner and the clinker ground ав 
in the dry process, 

Crushing in the dry process is done in gyratories, jaw crushers, hammer 
mills, or roller mills. ^ Pulverizing the raw mix is done in mills of the ring roll 
type with or without tube mills, in ball mills or kominutors followed by tube 
mills, and in compartment mills. Air separation is standard practice; Her 
cules ball and tube mills are now operated in closed circuit with air separators- 
Production for a 250-h.p. Bradley-Hercules, operating ор a 2-in. feed, was 
about 40 tons per hi per cent through 200 mesh, 60.2 per cent through 
100 mesh, 69.9 through 50, 74.6 through 40, 81.4 through 30, and 90.1 per 
cent through 20 mesh. . AllisChalmers two-compartment 
compeb mill, 200 h.p., 26 r-p.m., operating on 1-in. feed, had an hourly capa 
ity of 9 tons, 78 per cent through 200 mesh. An 8-ft. by 60-in,, 345-h.p- 
Hardinge conical mill, 18 r.p.m., operating on 3g-in. feed with 2 per cent 
moisture had an hourly capacity of 26 tons, 91 per cent through 200 mesi 
type of air classifier, 12 ft. superfine, with 145-h.p. fan; lining and balls, steel- 
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"The present tendency is to connect the mills in closed circuit with air 
Separators, increasing output 50 to 60 per cent with 25 to 33 per cent reduction 
in power consumption. А flow sheet for в 914- by 8- Бу 40-16. compeb mill 
and two separators is shown in Fig. 21. Fifty tons of raw material enter 
the mill At the first compartment a peripheral screen removes the large 
Oversize material and returns it to the front end of the mill The final 
Droduet from this compartment (38 per cent through 200 mesh) passes to an 
air separator which divides the initial 50 tons into fines and tailings. Fines 
аге considered to be about 13 tons testing 92 per cent through 200 mesh, 
tailings about 37 tons testing 18 per cent through 200 mesh. The tailings 
enter the second compartment, of the mill; the product from this compart- 
Tent enters the second separator which removes the fines, the tailings entering 
the third compartment, the discharge from which is likewise fed to the second 
Separator," 

Wet Grinding, An 8- by 4-ft., 150-h.p. Hardinge mill, 17 грла, with 
trommel screen, metal lining, and steel balls, grinding an 8-mesh feed, showed 
au hourly capacity of 32 tons, 100 per cent through 10 mesh; ball consumption 

24 lb. per ton. А 7- by 26-ft. Allis-Chalmers two-compartment compeb 
, 500 h.p., 20 r.p.m., with Dorr rake in closed circuit with the primary 
mpartment and Dorr bowl in closed circuit with the secondary compart- 
ment, gave the operating characteristics shown in Table 65. 


Table 65, Operating Data for Mill with Hydraulic Classifier 


| Open elreult. | Closed cireult. 


Capacity per hr., БЫ, | та 167 
Power consumption, kw.-hr: per БЫ... 55 3.01 
Loss of grinding mediums, tb, per bbl. 

Та ry compartment... 0.086 0.057 

Та secondary compartment... 0,321 0.112 
Fineness of product, % through 200 mesh 8 97 

% through 100 mesh. 95 
Jn primary compartment...» 13 tons balls, 24-4. 

Charge Їп secondary compartment. 39 tons balls, 3-74 in. 


Clinker is ground by (һе same equipment in both processes; ball mills, 
tube mills, and compartment mills are used. Mills of the ring roll type, 
Such as the Bradley-Hercules, are sometimes used as preliminary to a 
tube mill. In recent years closed-circuit systems have been favored. А 
T- by 24-ft. Allis-Chalmers mill with 185-kw. power consumption in open 
circuit gave a capacity of 46 БЫ. cement per hour, 97.9 per cent through 
200 mesh; clinker feed 115°F., discharge 174°Е. An 8- by 7- by 40-ft. 

ree-compartment mill, in open circuit, operating on 214-й. clinker, pro- 
duced 2000 ЪЫ. per 24 hr. Percentages through 200 mesh at the end of 
first, second, and third compartment were 34, 60, and 88 to 90, respectively; 
the first compartment using 2- to 4-in. balls, the second, 114- to 2-in. balla 
Or eylpebs, and the third 58-1. cylpebs. 

Data on grinding eharges in a 7-ft., 3-in. by 42-ft., S-in. three-compart- 
Ment mill are given in Table 66. 
„ The results obtained in grinding clinker jn a Bradley-Hercules as pre- 
iminary mill is given in Table 07. Discharge from the Bradley-Hercules 


ind ê, various Hook-ups of pulverizing machinery with air separation in the Cement 
industry were furnished by E. L. Davis. 
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goes to intermediate mills, and the discharge of ihe three mills goes to a 
fourth mill for final grinding. 
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Table 66. Operating Data, Grinding Cement in Open Circuit 


First compartment, grinding charge, — 4-in. balls, lb,- 12,000 
3.5-in. balls, Ib. 7,000 
= balls, Ib 4 3,500 
2.5-in. balls, Ib......... 1,750 
2-in. balls, 16.7.2020: 875 
Total, Ib... ы 35,125 
Second compartment, grinding charge, 1.5 іп. balls, Ib, . = 30,000 
125-in. balls, 1b; 2: 
1-in. balls, Ib. “ve 
Totaly Ih auii. 1< 24,000 
Third compartment, grinding charge, 74-in. balls, b. ,....... 10,000 
3 ina balls, 1b. 2.5. 45,000 
СТР НИНА +. 55.000. 
Capacity, barrels per г.......,.. жырны ЧР ша 90.2 
Fineness of product, % through 200 mesh. ........- , وى‎ 
Power required, һ.р................,‚. .. 570 
Maintenance cost per barrel of cement: 
Labor...... sar и И UN 
Material... н , 0.005 
Бове се : . 30.008 


Closed-circuit Grinding of Cement Clinker. Figure 22 shows а compeb 
mill with two separators. Undersize from the peripheral screen goes to 
the first separator, which makes fines going to the fourth compartment and 
tailings going to the second compartment, the latter discharging to separator 
two. Here two products are made, fines for the fourth compartment, tailings 


Table 67. Operating Data for Hercules Mill, Grinding Cement 
Clinker* 
Preliminary mill,....... ..... Bradley-Heroules with 9-mesh screen 
Fineness of product... 97% through 20 mesh, 65.5 % through 100 mesh, 
51% through 200 mesh 


Production per hr., ЪЫ............ 75.5 
Horse power per БЫ, cement . 4.64 
Intermediate milla. ....... -.. 6 X 22 ft. with 155 load of grinding mediums 
Fineness of output. "p 95,6 % through 200 mesh 
‘Temperature of clinker, °Ё..., 240 
Size of fourth mill for finishing....,. 6-67 X 22 
Grinding mediums, %... 15 
Fineness of finished product... 97,6 through 200 mesli 
965: throngh 300 mesh 


Temperature of mill, °Е..... - aT 
Horse power per БЫ. cement. . 3.97 

* Most of the data on open-cirquit grinding of raw mix and clinker with Bradley 
Mills and. tube mills were furnished by Mr. Н. Н. Leh, General Manager of the 
Keystone Portland Cement Со. 


for the third. Table 68 gives the results obtained when operating this 
system. 

It has been found that the time of setting and the strongth of many coments 
vary with the fineness to which the cement has been ground. А fineness 
between 94 and 98 per cent through 325 mesh is often required to obtain 
a cement haying the desired properties. Ап air separator properly connected 
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Table 68. Operating Data, Grinding Cement Clinker in Closed 
Circuit 
Sise of mill, |... + DE 9.5 X 8X 40 
Size of mill motor, b... 1100 
Capacity, kiln-run clinker 180 
"Temperature of kiln-run 380 
ness of feed to the two separators: 
а | Separator 2, 9% 
10 mesh. 95.2 | 

20 mesh. EX] 98.4 

28 mesh. 73.2 37.6. 

48 mesh. 56.8 91.2 

100 mesh. pom: 84 

200 пећ | за. 4 
, through 200 mesh, 90,2 


Белка of йыбө product, 


Temperatura of finished cement, 


Table 69, 
Туре and eize of mill, ft, 
Diam, separator, ft. 
Hourly capacity, bbl, 
Peod to separator, 

Tailings from separator, * 


% through 900 mesh... 


Finished product, % th О mea. 
through 825 mesh 
— 304 
“ —20и. 
Total power required, h.p. 
orse power per barrel of product. .. ......- 


With the mills will often de 
results obtained when 
Krinding cement to a fine 
State of division in order 
to produce superior 
Product. 

When this cement wus 
Stound in open circuit to 
Produce a comparable 
inl the power re- 
d was 19.7 h.p, per 


ft, Hardinge mill with 
iir classifier, grinding а 
sin, clinker to 82 per 


cent through 200 mesh, уды per hr 
showed а powerconsump- kiln run clinker 

tion of 4.95 h.p. per bbl. 290°%2 282°F. 

with an hourly capacity : 7 
of 102 ЬЫ. (19.2 tons). S screen 
Grinding. to 88 per cent 

through 200 mesh, the 

Consumption was | 5.65 


h.p. per БЫ. and the ca- 


0 mesh... 


tease the power 


22.8% through 


Peripheral screen. 


Oversize 
returns, 


vf 


Four-compartment 


250 


The capacity at times was 250 bbl, per hr., with а fineneas of 88 por cont through 200 mesh, 
Operating Data, Bracing Forint ов Very Fine Product 


ompartment, 7,5 X 48 
18 
46 
98.7 
83.2 
99.8 
97:0 
92,1 
83,8 
72.9 
t 748 
12.1 
Table 69 gives the 


required. 


%\ No.2 
М 
AS 
(3 
0 
Н 08.6% 
(throught 
200 mesh 


mill 
peripheral screen on first compartment) in closed cireuit. 
with two air separators grinding and separating cement 
clinker. 


(with 


compeb 
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pacity 88 bbl. (16.6 tons) рег hr. Ball load in both cases was 60,000 Ib. and 
mill speed 18 r.p.m, 

‘At present the distribution of particle sizes in cement is determined by a 
turbidimeter, generally of the Wagner type. By determining the distribu- 
tion of particle sizes, it is possible to calculate the surface area of the pul- 
verized product in terms of square centimeters per gram. A product having 
a high surface area indicates that it contains a higher percentage of impalpable 
powder than the same material when ground to a lower surface area, The use 
of the turbidimeter has become standard in the cement industry. Тһе time 
of set and strength of cement varies with the surface area of the pulverized 
cement. A high strength and early set are generally obtained by grinding and 
reparating the cement to a very fine state of division. The surface area of 
the average cement may run anywhere from 1700 to 2000 sq. cm. рег g., 
while the surface area of the high early cement may run anywhere from 2700 
to 3200 sq. cm. per g. 

The surface area of a pulverized product is being determined more and 
more in connection with the pulverization of many other minerals. А 
product should, of course, not be ground to a surface much higher than is 
absolutely necessary since the cost of pulverization and separation increuses 
at а very rapid rate as the surface area increases. This is indicated in Table 70, 
which shows the cost of grinding slate used as a filler for rubber or as an 
ingredient in asphalt. The cost ratio will generally be the same for most 
non-metallics, 


Table 70. Cost Per Ton of Pulverizing to Different Surface Areas 
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zl 
Dove 


s к | | Rabe Тыш. 
Sur | Том | килы, | Depre- | Шен | ДГ. | ngain- | Labor [tion and | cost of | Qu 
faca e ires onin | att in [at 60 cia. швов | pulver- | Cost 
area | Per hr, | por ton | ciation бт per | tenance "per hr, | Бам | iig | 7 
| | | cI | | соңа | por ton 
— - PE EISE Жж; ^5. 
| 
1700 | 4.30 | 21.0 | 40.051 | 0.015 | 30.21 | 30.024 | 40.065 | 30.015 | $0.36 | 1% 
1650 | 340 | 250| .02| 00| 5) 04| 075 | ов| | 122 
2140] 238 | 33-0] | :05 3| .00 100 | .020) 57] 1% 
225 | 2.00 | 380| 061 | .030 38| 08) 13| 1023 67 1% 
2:0 15 | 49.0] Л и, | 15] 16 06] | 2% 
жю 110 | 660) 209 | 00 | 9| | 2| ыз XM | 
20| 0,90 | 40| 2120] 10% ви | 4| 92] 05) 1% 388 
3100} 70 | 1070) мо] С vo| "2 | de ж гё eg 
3x0 :55 | 1350 20| 02| 135| 198) 33| 04 21| 5% 
3500 | 39 | 1920| 2266) 16| 192] .20| 2%| об) 290| 8.06 
3660} 29 | 580| 36| л, 2758) 2л) 35| о] $8 | 106 
30) 22 | зао | 27) ЗА 30 3% 25) 499) 137 
wo 18 | 470] 55| 9| 417 45| wj м 5% 65 


Table 71. Operating Data, Grinding Quicklime in Ball Mill 


Size of mill, ft... , 7X8 
‘Type of separator. , E; JP Harding air classifier 
Size of feed, % through 100 mesh. 90 

Capacity, tons per һг......,...........%.- 12.5 

Power required for mill, Бар... POA у. = 100 

Power required for auxiliaries, l.p. 35 

Ball load, tb. ар e 20,000 

Speed of mill, r.p.m. 20 


Lime for agricultural purposes is generally ground in hammer mills. Where 
a fine product is desired, as in the building trade and for chemical manu- 
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facture, ring roll mills, ball mills, and certain types of hammer mills are used, 
Table 71 gives the operating data for a Hardinge mill grinding quicklime. 

For certain chemical purposes quicklime is ground very fine. The beet- 
Sugar industry takes a product with 99 to 99.5 per cent through 200 mesh. 
Table 72 gives capacities for various sizes of Raymond mills equipped with 
air separation. 


Table 72. Operating Data on Raymond Mills, Grinding Lime 


| Mill No, 4 | Mill No. 5 | Mill No. 10 


Flnsness of product, % through 200 mesh... а 9.5 99 9» 
palris of ime, /CiO. -+> bises B3 | ма | 0 
Tons per ва ЗА Dis Er: 3 sT 
Tower required, total Бар... ЗАЙ: то 75 110 
bp. per mu з % 20.3 


Lime coming from the hydrator is often pulverized without separating 
Out the impurities, by the use of Bonnot mills, Raymond roller mills, or ball 
mills. As а rule it is really not pulverized but air-separated to remove 
impurities such as sand, overburned, underburned, and core. The hydrate 
is passed through an automatic pulverizer with air separation and throwout. 

recent tendency is to handle this material with air separators in series, 
the tailings from the final separator being discarded or sold for agricultural 
Чао. А modification of this system is to feed the tailings to an automatic 
Dulverizer with throwout for final cleaning. Very clean tailings are thus 
Obtained, cleaner than in an air-separation ш 

Gypsum is usually calcined in kettles or rotary calciners, after reduction 
lo а fineness varying from 75 to 95 to 98 per cent through 100 mesh. Mills 
of the ring roll type, equipped with air separation, and, to a lesser extent, 
ball mills are used, although buhrstones are still in use in many of the older 
Plants, Results obtained in grinding Nova Scotia gypsum or buhrstone 
mills in closed circuit with screen and in a roller mill are given in Tables 
73 and 74. 

Table 73. Grinding Gypsum in Buhrstone Mill 
Number of buhrstones.. ,. .. ... Two 42-12. horizontal 


30-in. horizontal 
Capacity, tons per һг...,...... 20 
Fineness, % through 100 mesh....... à 73 
Horse power required by stone тїв........,................. 210 
Horse power required by elevators and conveyors... - 80 
Horse power required per ton of product....... 14.5 


Table 74. Grinding Gypsum in Roller Mill 
е of mill. ^ Е 

Horse power required 
Horse power required b 
Total h.p. Per 
Capacity, tons per hr. 
Product, % through 100 mesh e: 
Horse power per ton of prodiot............... 


тай. 
exhauster. 


Th the following list gypsum from various sources has been arranged in 
Order of increasing resistance to grinding: Iowa, New York, Nova Scotis, 
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Kansas, Michigan, Ohio, Wyoming, Virginia, Texas, Nevada, and Montana. 
Gypsum calcined їп а rotary kiln is usually pulverized after calcination, 
Ring roll mills and tube mills with air separation are sometimes employed, 
but more often intermittently operating tube mills are use 

Coal, Coke, and Other Carbon Products. Bituminous Coal. The 
grinding characteristics of bituminous coal are affected by impurit 
‘tained, such as inherent ash, slate, gravel, sand, and sulfur balls. The 
grindability of a coal is determined by grinding it in a standard laboratory 
mill and comparing the results with the results obtained under identical 
conditions on в coal selected tandard. 

This standard coal is a low volatile coal from Jerome Mines, Upper Kittan- 
ing bed, Somerset Cot, Penn., and is assumed to have  grindability of 100. 
"Thus a conl with a grindability of 125 could be pulverized easier than the 
standard, while а coal with a grindability of 70 would be more difficult to 
grind. In general we assume that the capacity obtained on-a mill will be 
proportional to grindability. Rittinger's law states that the energy required 
for grinding-is proportional to the new surface area produced. For example, 
in the following table we show how the total surface increases with. the 
fineness of grinding. For simplicity we bave assumed cubical particles: 


Table 75. Surface in Relation to Particle Size 


In the first line we show one 1-in, cube. It has a surface area of 6 ва. їл. 
‘The second line shows that the l-in. cube has been pulverized so as to obtain 
1000 small cubes each 0.1 in, in diameter with а total surface area of 60: 
‘There ave 600 sq. in. of surface produced when grinding, so that each particle 
is 0.01 in. in size, and во on, until, when we grind to a particle size of 0.002, 
we produce a total surface area of 3000 ва. in. It will also be noted that the 
surface area produced varies as the reciprocal of the particle size, This is 
really another way of stating Rittinger's law. 

If we now pulverize a sample of material then grade it on various screens to 
determine the different sizes produced, we ean caleulate the new surface 
produced, and, as stated above, by comparing this new surface produced 
with the new surface produced on a standard sample under similar testing 
conditions, we can determine the grindability. There are two general 
methods recommended for determining the grindability of coal: one im the 
Hardgrove method and the other the U.S. Bureau of Mines or ball mill method. 

The Hardgrove Method. А special machine is used which is manufactured 
by the Babcock & Wilcox Co. Essentially this pulverizer consists of в 
stationary bowl containing eight 1-in. balls, each 1 in. in diameter, which are 
driven by a rotating top ring. ‘The pressure on the balls is produced by the 
shaft, top grinding ring, gear, and weights added to give a definite pressure 
on the balls that shall total to 64 Ib. A predetermining counter is used to 
stop the machine after it has made exactly 60 revolutions. 
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In the following table we assume that certain results were obtained on a 


simple of coal tested as outlined above and finally show how the grindability 
factor is determine 


Table 76. Grindability Data Obtained on a Coal Sample 
T T 


Miron US. Btandard iove | Grams between | Surfaceunit | Final surface 
Черни | | the 2 сте aita 
1190-590 | из 135 19.3 
590-250 73 2% 495 
250-149 64 om 38:6 
149-105 32 9:45 30.3 
105- 74 22 13.40 295 
74 62 14 17:70 248 
62- 4 06 22:60 13.6 
E 4.6 | 47:50 219.0 
50.0 | 424.6 


In column 4 we list the surface-unit factor for the average particle size 
between the two serons. 


The surface units are equivalent to specifie area in square centimeters per 
Bram with a sp. pr. of 1. We might also define surface units as the square 
“entimeters per ubic centimeter of a solid material. 

‘The surface-unit factor may be obtained from the following formul 

1200 
Y 


8 (surface-unit factor) = 


Where У and Y; are the openings of the two screens. For example in the 
first line of the table Y: = 1190 and Уз = 590, 
1200 1200 


590 + 1190 ^ 800 


The result 1.35 is the surface-unit factor per gram. ‘Therefore, multiplying 
vis unit factor by 14.3, the grams between the two screens, we get 19,8 ns 
o total surface units for that fraction. 

he remaining fractions are caloulated in а similar manner. One assump- 

tion had to be made for determining the average particle size of the —325- 

Mesh particles. Here Y: equals 44 and Fs, the lower limit of the finest 

Particle, is about 6.6, or the average particle size of the —325-mesh screen 

Was thus assumed to be about 25.34. We therefore have the following 


results; 
Final surface unit of sumple. . 424.6 
Original surface unit of sample... Eao A + 67.5 
New surface unite produced. ,....... 357.1 


New surface units of the standard or coal with а grindability of 100 has 
been found to be 656. Therefore the grindability of the sample tested is 


857.1 
656 
The original surface units obtained by multiplying the original 50 g. by the 


= 54.9 
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surface-unit factor of the material passing the No. 16 and remaining on the 
Ко. 30 screens. 

Bureau of Mines or Ball Method. In the above method the relative amount: 
of energy necessary to pulverize different coal is determined by placing a 
sample of coal in a ball mill and determining the number of revolutions 
required to grind it so that 80 per cent of the sample passes a 74u (No. 
200-mesh) sieve. The average number of revolutions necessary to grind 
the sample so that 80 per cent passes the 74x (200-mesh) sieve is expressed 
in the following two ways: 
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Grindability (Ib. per hr.) = — 


[e 


Grindability (per cent) e 


average number of revolutions 

In the second formula we note that, if we make the average number of revolu- 
tions 720, we obtain the per cent of grindability as 100, and, if we substitute 
720 for the revolutions in the first formula, we obtain 3.67 on the g 
iu pounds per hour. 

We therefore take as a standard a coal which requires 720 revolutions on 
the testing mill to grind it so that 80 per cent will pass through а 74и (200- 
mesh) sieve. ‘This standard is then assumed to have a grindability of 100. 
All other coals will then have a grindability inversely proportional to the 
number of revolutions it takes in the test for the coals in comparison with the 
number of revolutions required by the standard. For example, if it takes 
1080 revolutions for a certain coal, ita grindability will be 720/1080 = 0.6624 
or 6624 per cent. We get the same results, of course, by substituting 1080 in 
formula (2) for the number of revolutions. 

There are two general methods of burning pulverized coal, the unit system, 
in which the coal is blown directly into the furnace as it is pulverized; and 
the central grinding system, in which the pulverized coal is stored in а bin 
and transported to hoppers at the furnaces, Mills used in the storage system 
are described under the various types of mills. Mills used in the unit system 
were formerly high-speed hammer mills with air separation; at present, tube 
mills, ball mills, and roller mills are also used. The Aero and Riley attritor 
are inherently unit pulverizers. 

The Riley attritor is available їп three single types and two duplex types. 
Capacities vary from 2500 Ib. for the smallest unit to 15,000 Ib. for the largest 
duplex unit. This type of crusher utilizes a series of swing hammers piyoted 
to the rotor hub, around which is a stationary grid, cut away at one section 
so that foreign material is thrown out. After passing through this first 
effect, the coal is carried in a current of air into the second effect, alternate 
rows of moving and stationary pegs, where most of the pulverizing is done, 
Leaving the second effect, the coal is passed through a rejector, а number of 
scoop-like blades on the main shaft, where the heaviest particles are thrown 
back into the pulverizing compartment, permitting the passage of the finer 
particles only, which enter the fan inlet and are carried into the furnace. 
Hot айг can be introduced into the machine for drying the coal, Air at 
300°F. dries coal with 8 per cent moisture down to about 1 per cent. 

"The Whiting hammer mills are of the Vertial type and are greatly used for 
pulverizing coal and direct-firing industrial furnaces. 

"The Strong Stott pulverizer is of the beater type, equipped with an integral 
air classifier, and is extensively used for pulverizing coal for direct-firing 
boilers and rotary cement kilns. 
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The Aero unit pulverizer is used for coal, pitch, and coke, blowing ihe 
ground material directly into the furnace. It is shown in cross section in 
Fig. 23. It has a shell made in the form of a cylinder split horizontally; 
the upper part of the casing is hinged and may be opened for inspection, and 
the housing is divided by steel diaphragms into several pulverizing chambers. 
Two openings through the shell, between the fan chamber and the last of the 
Pulverizing stages, admit primary air. The rotor consists of a built-up unit 
assembled on a heavy steel shaft, which carries steel-plate disks upon which 
alloy-steel paddles are fixed in position, one set for each pulverizing chamber. 

lear one end is the fan for the feed mechanism, a table-type feeder. Flow 
Of coal into the machine is regulated by the speed of the revolving table and 
û vertically mounted sleeve moving in the coal intake pipe directly above the 
table, 


‘The Aero unit coal pulverizer, 


Refractory material such as tramp iron is removed in the first pulverizing 
Thamber and eliminated through a tramp-iron pocket. The lumps of coal 
Эге shattered by impact with the paddles and hurled by centrifugal force 
Against the liners of the chamber; the coal is held in the first stage by the 
diaphragm until it is fine enough to be lifted by the draft of air and carried 
Aver the diaphragm against the centrifugal force of rotation, An adjustable 
air damper is incorporated with the feed-mechanism end, through which a 
‘mall amount of conditioned air is admitted, This flow of air lifts the fine 
Particles of coal over the baffles between the pulverizing stages and affords 
а means for controlling the fineness of the finished product. 

, As the successive stages increase in diameter. the centrifugal force becomes. 
higher as the coal travels toward the fan. With the larger cross section, the 
Sit velocity becomes lower, causing the coal particles to remain in the succes- 
Eve stages until reduced to a size which will enable the pull of the air current 
toward the fan to exceed the centrifugal force, thus pulling it out of the 
machine. The carrier air port at the feed mechanism сап be arranged for 
Connection to а hot-air or gas supply for introducing hot gases into the pul- 
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verizer. This will dry the material, thus increasing the capacity and decreas- 
ing power consumption. The warm, dry particles tend to How freely through 
the duct system and to give better and more efficient combustion. 

Capacities of the Imp mill (Raymond hammer mill) grinding an average- 
grade bituminous coal are given in Table 77. 


Table 77. Capacities of == Hammer Mills Grinding Coal 
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Lb. per br. 
Po | Horsepower 
T Е 70% through | 80-85% through |, Ро 
200 mesh. 200 mesh. 
Imp 32. ] 1800 1200 20-25 
Imp | 2500 1600 30-35 
Imp 50. 4000 2500 45-50 
Imp 60. i 6500 4500 | 60-65 
50 
NS 
E] 
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in 
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È 
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18 
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Hundreds, Lb. Per Hour 
Fig, 24,—The variation in power relative to capacity of а Raymond impact pulveriger 


when grinding various grades of bituminous conl. 


In the Hardinge conical mill for pulverizing coal the air enters the mill 
through the annular space between the mill trunnion and the central outlet 
pipe. A double-acting control valve regulates the amount of sir going 
through the mill as well as the air passing through the fan to the burner. 
"The regulation of the air controls the amount of coal leaving the mill, hence 
the output. Adjustments for fineness are made by regulating the position 
of the central fuel-discharge pipe. The feed is regulated automatically 
through a link mechanism to correspond the amount withdrawn. 

А 7- by 48-in. Hardinge mill, 127 b.p., 23 r.p.m., with steel ball and liners 
and with central-diseharge air classifier, grinding а l-in. coal with 4 per cent 
moisture, gave a capacity of 5.5 tons per hr., 78 per cent through 200 mesh. 

‘The Kennedy air-swept tube mill is of relatively short length. No sereens 
are used either inside ог out; the fine coal is mixed thoroughly with air and 


INDUSTRIAL APPLICATIONS OF CRUSHERS 


1967 


Table 78. Performance of Raymond Imp Hammer Mill Grinding 


Various Grades of Bituminous Coal 
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Table 79, Performance of Raymond Roller Mill, Grinding Various 


‘Types of Coal 


Type 


‘Through mesh 


1; 10.4 
Ww River, Pocahontas, and similar types ЈЕ: 10.2 [тоюб oom 
= ЦК 22 
p 15.5 
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air-floated to the burners. The mill rotates slowly at а speed of 19 to 50 
rpm. depending on the size у 5 
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Hot air is used if drying is desired. 
"The curves shown in Fig, 24 
give the performance of a Ray- 6 % | 
mond Imp hammer mill when ү я 
used for direct firing and grind- ğ Gery 
ing various grades of bituminous $558 100 
coal, Letters A, В, ete, referto "o b 
the type of coal pulverized. The Êş pn в 
same letter is used for different РЁ c Power per ton: 
coals where they have the same 6 $ K | ИЕ 
grinding characteristics. Table 832580 ——— > 
78 designates the type of coal re- 97 p 
ferred to and also gives more de- 9.54, 
tailed data. Table 79 gives the е, “Cost 
performance of а Raymond roller | 
mill when used as a unit то 51) 
Mills generally used in the cen- RU Сы er UE 
tral grinding or storage systems — азр variation im capacity, poweh 
are the Babeock & Wilcox, Ray ЗА The танцот i camel pow 


mond, and Hardinge mills. Cost 
of installation of a storage system 
is considerably higher than for a unit system using high-speed hammer mills, 
but cost of operation is less. Since ball mills und roller mills with air seps- 
ration have been adopted for direct 

firing, the disparity between the two 
systems has been somewhat less- 
ened. 

‘The graphs in Fig. 25 show how 
the capacity, power, and cost of 
grinding vary with the fineness of 
the product. ‘These data apply to 
а moderate-size mill grinding at а 
rate of 200 tons per 24 hr. Power 
cost is bused on a rate of 2 ots, per 
Xw.-hr. and labor at 50 cts. per hr. 
The coal was a Pennsylvania bi- 
tuminous coal, from Cambria 
county, lower Kittanning seam, 
with а moisture content under 2 per 
cent, Where the power rate is 
about 2 cts., the cost of power may 
be {тош 50 to 60 per cent of the 
total grinding cost, Total cost 
shown in the graphs includes inter- 
est on investment, depreciation, Fra. 26.—Inside constr: 
and maintenance, 

Direct firing of boilers and rotary kilns has become more prevalent during 
the past few years and is generally replacing the storage system. As previ- 


grind. 


jon of the bowl mill 


1 The author is obligated to Joe Crites, chief engineer of the Raymond Pulveriver 
Division, Combustion Engineering Company, Ine., for furnishing the graphs shown in 
Fig. 25 and the dats contained in Tables 78, 79, and 80. 
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ously described, the hammer mill was generally used for direct firing, but, 
When this method of firing became more prevalent and was used in connection 
Pith large installations, it was found that the cost of maintenance was too 
high; hence new mills of the roller- and bowl-mill types have been developed 
And are gradually replacing all hammer-mill types. 

The bowl mill is a departure in the design of the standard roller mill 
Previously described. In this style of mill the journals that carry the 
&rinding rolls are stationary while the grinding ring rotates. The grinding 
Pressure is produced by means of springs, which may be adjusted to give the 
Tequired pressure, and the distance between the rolls and the ring may be 
Set to any predetermined clearance. The rolls do not touch the ring there 


— Bowl mill used for direct-firing a rotary kiln, 


being no metal-to-metal contact between the grinding surfaces. Figure 26 
shows the inside construction of the bowl mill, The grinding ring is carried 
фо the lip of a rotary bowl. ‘The raw material from the feeder drops on the 
bowl where, owing to the centrifugal force of rotation, itis forced to the periph- 
МУ and, owing to the angle of the ring, it is forced upward between the 
QUE and the rolls where it is pulveried. The action of the tapered rolls 
On the tapered ring causes the pulverized material to work upward and out 
9 the grinding chamber into an upblast of air. The air with the pulverized 
fj terial passes up into a classifier of the double-cone vacuum type. Here 
wh required fines are removed and the oversize dropped back to the bowl 
Where it is mixed with the raw feed. This type of mill is primarily used for 
pulverizing coal and blowing it directly into industrial furnaces or rotary 
na, Hot gases may be used for drying the coal while it is being pulverized. 
gurd 27 shows a direct-fired unit blowing coal into a kiln. Hot gases are 
füken from the hood of the kiln and, after passing through a cinder trap 
(t l'emoving ash and dust, pass directly into the mill. Thermostatic con- 
Hol through а tempering device may ‘be tised to maintain га constent. tems 
erature in the mill irrespective of the moisture in the coal. ‘Tramp iron 
thd other extraneous hard materials are automatically thrown out from 
Me mill through a tailings spout. 
he following table gives pertinent data on the operation of a bowl mill 
Tye? grinding a typical grade of coal having a grindability of from 55 to 60. 
sy; Uta аге based on grinding coal to a fineness of about 80 per cent through 
200 mesh. 
в The Babcock and Wilcox Puleeriser, Figure 28 illustrates the design of the 
* & W. type E pulverizer. The type E pulverizer is a modification of the 
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type В described on p. 1930. Tt is developed particularly for the direct firing 

of industrial furnaces. This unit requires no external equipment for drying 

Table 80. Operating Characteristics of Bowl Mills When Grinding 
80 % through 200 Mesh 
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Milrsise T Треће | Chair permi — | Kw-hrperion 
РД ] 0 | 130 18-4 
312 2950 150 18:0 
3124 | 3360 | 160 18.0 
352 3740 170 75 
352A 450 180 115 
372 200 200 17:0 
374 5.960 | 25 16:0 
412 6720 250 15.9 
5 815 | 310 15:0 
453 9,660 | 350 154 
42 16150 | 400 15.4 
43 131000 425 154 
5 14.100 | 450 14:9 
532 17,100 | 550 14.2 
572 18,600, 600 13:6 
533 20,000 600 133 
5 22300 | 660 127 
593 23700 700 27 
613 27500 | 820 | 27 
633 30000 | 900 27 
675 34900. 960 | 27 

or classification of fines. Raw, wet coal is fed directly into the pulverizer 


where it is pulverized between grinding elements heated by the primary sir. 
The primary uir with 

the material passes 
through а vacuum-type 

air classifier in the toD м 
of the pulverizer. ‘The 8. 
oversize is rejected and 
returned for further рае 
grinding, and the parti- Ne 
cles of proper fineness 
pass through the classi- 
fer into the burner + 
Pei The type E ‘Tor cn NN RI 
pulverizer is made in 15 у о || {]_—ou-rnescune 
sizes and in capacities yan srr JN a 4 у 
up to 12 to 13 tons рег ^^ 9 
hr. 

А 7- by 36-in. Har- 
dinge conical mill 
equipped with air classi- = 
fier, grinding 1-in. coal IM xu uM. Ў on PUMP 
with 3 per cent moisture ра, 28,—Cross section of Babcock & Wilcox ball pulverizer- 
for the storage system. 
to 72 per cent through 200 mesh, had a capacity of 814 tons per hr. The power 
required for mill was 90 h.p.; for auxiliary equipment, 50 h.p.; speed, 21 | 
x.p.m.; ball load, 19,000 Ib. 

Anthracite coal is generally harder to reduce than bituminous coal, It i8 | 
pulverized for foundry facing mixtures, generally on buhrstones or in ball 
mills, followed by bolting reels or air separators. Only to a lesser extent if | 


SHUT-OFF VALVE 


it used for fuel. Anthracite used for manufacture of electrodes is calcined) 
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followed by grinding in ball mills and tube mills, or ring roller mills equipped 
with air separation. 

А 10- by 66-in. Hardinge mill was superfine air classifier, grinding 4-mesh 
anthracite with 3.5 per cent moisture produced 12 tons per hr., 82 per vent 
through 200 mesh. ‘The power required for mill was 370 h.p.; for auxiliaries, 
70 h.p.; speed of mill, 19 r-p.m.; ball load, 57,000 1b.; cost of ball consumption, 
0,7 ct. per ton. 

An 8- by 10-6, tube mill, in closed circuit with a 14-ft, centrifugal air 
Separator, operating on a feed with 90 per cent through 40 mesh, pulverized 
2 tons per hr., 99 per cent through 200 mesh, with 100 h.p. for the mill and 
30 h.p. for the separator. 

Anthracite for use in the manufacture of electrodes is calcined, and the 
degree. of calcination determines the grinding characteristics. Calcined 
Anthracite is generally ground in ball and tube mills or ring roller mills 
"Quipped with air separation. Table 81 gives the results obtained with a 

Raymond high-side mill equipped with air separation when grinding calcined 
Anthracite for electrode manufacture. 


Table 81. Grinding Calcined Anthracite in Raymond High-side Mill 


Size of mill... ЕР venne 4 roller, 42 ing 
Capacity, Ib. р 4600 
Horse power required. . 5 70 
Fineness of product, % through 200 mesh Sao i 


„ Cokes The grinding characteristics of coke vary widely. Petroleum coke 
is generally easier to grind than coke derived from bituminous coal, By-prod- 
uot coke i 5 
Abe ів Вага and Table ва. Grinding Pitch in Raymond 
foundry’ and retort Eee 
соке is extremely hard 
to grind. For certai 
Purposes it may be 
necessary to produce Melting point of piteh, 
& Uniform granule Capacity, Ib. per 
with minimum fines, Fineness of finish, % through 200 mesh. 
lis is best ассош- 27" Feared Бр... 
Plished in rod or ball 
mills in closed circuit with screens. Hourly capacity of a 4- by 10-ft. rod 
mill with screens, operating on by-product-coke breeze was 9 tons, 100 per cent; 
through 10 mesh, and 73 per cent on 200 mesh; power requirement 40 h.p. 
Petroleum coke is generally pulverized for manufacture of electrodes; 
Toll mills with air separation and tube mills are generally used. A No. 8 
Raymond roller mill gave an hourly output of 3.8 tons, 78.5 per cent through 
200 mesh, with 90 h.p. 
itch may be pulverized as a fuel or for other commercial purposes; in the 
former case the unit system of burning is generally employed, and the same 
“dtipment is used as described for coal. The grinding characteristics vary 
With the melting point and may be anywhere from 50 to 175° С. Table 82 
[oss the results obtained with several sizes of Raymond pulverizers, grinding 
iteh, 
Natural graphite may be divided into three grades in respect to grinding 
quaracteristies: flake, erystalline, and amorphous. Flake is generally most 
‘ficult to reduce to fine powder and the crystalline variety is the most 
Abrasive. The following is an arrangement of graphites according to origin, in 
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order of increasing resistance to grinding: Mexico (Sonora), Michigan. 
Rhode Island, Korea, Ontario, East Siberia, New York, Quebeo, Alabama, 
Madagascar, and Ceylon. Graphite is generally ground in ball mills, tube 
mills, on bubrstones, and in ring roll mills, with or without air separation. 
For large capacities, ball and tube mills are used, particularly on the flake 
and crystalline varieties. Operating characteristies for a tube mill with 
vacuum air separator in closed circuit is given in Table 83. 


Table 83. Operating Characteristics of Tube Mill Grinding Graphite 
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| Ceylon. | Madagascar. | Korea 

Size of mill, ft. ........... = 6x18 6X24 4х8 

Feed, mesh... ^ 20 16 25 
jischarge. 40%; through 250 | 60%% through 220 | 50% through 100 


h 


mesh mesi ‘mesh. 
Fineness of discharge from separator.. 95% through 250 | 97% through 220 | 98% through 100. 


Capacity, Ib. per hı Г у 
pacity, Ib. per hr. 
‘Total borse power... » 15 70 


А Мо, 4 Raymond roller mill, grinding Mexican graphite, gave a capacity 
of 2500 Ib. per hr., 99.1 per cent through 200 mesh, with a power consumption 
of 75 h.p. 

Artificial graphite has recently been ground in ball mills in closed circuit 
with air separators, Гог lubricants the graphite is ground wet in a paste 
where water is eventually replaced by oil. The colloid mill is used with 
marked success for production of graphite paint. 

Mineral black, a shale sometimes erroneously called “rotten stone," con- 
tains а large amount of carbon, and is used as a filler for paints and other 
chemical operations. It is pulverized and separated with the same equip- 
ment ns shale, limestone, and baryte: 

Bone black is sometimes ground very fine, for paint, ink, or for chemical 
uses. А tube mill or a Griffin mill is often used, the mill discharging to a fan 
which blows the material to a series of cyclone collectors in tandem. The 
discharge from the first cyclone is usually returned to the mill for further 
grinding; the discharge from the lust goes to an air filter where the finest 
grades are obtained. The number of cyclones used depends on the grades 
required, A system using a single-roll Griffin mill may produce 100 to 125 
lb. per hr., using 1500 to 1600 h.p. per ton of product. А 6- Бу 22-ft. tube 
mill, followed by a vacuum air separator and a filter, would use about 140 
to 180 h.p., producing about 200 Ib. per hr. 

Decolorizing carbons of vegetable origin should not be ground too fine. 
Standard fineness varies from 100 per cent through 30 mesh to 100 per cent 
through 50, with 50 to 70 per cent on 200 mesh as the upper limit. Ball 
mills, hammer mills, and rolls, followed by screens, are used. Where the 
material is used for filtering, a product of uniform size must be used. 

Charcoal is usually ground in hammer mills with screen or air separation. 
For absorption of gases it is usually crushed and graded to about 16 mesh. 
Care should be taken to prevent it from igniting during grinding. 

Gilsonite is often used in place of asphalt or pitch. It is easily pulverized 
and is generally reduced on hammer mills with screen or air separation. А 
No. 00 Raymond beater mill with vacuum air separation produced 950 Ib. 
per hr., 90 per cent through 200 mesh; 650 Ib. per hr., 95 per cent through 200 
mesh; and 300 Ib. per hr., 99.5 per cent through 200 mesh; the pulverizer was 
driven by а 20-h.p. motor. 
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Carbon black or gas black is already of extreme fineness when manufactured. 

© material may, however, contain a small amount of impurities which 
ire removed by bolting. A more efficient operation is to pass the material 
through an air separator and the tailings from the separator to the bolting 
reel for removal of fines. 

Carbon bulis are hard and difficult to grind. The same type of equipment is 
used as for calcined-anthracite roller mills with air separation, or ball and tube 
mills. Compartment mills have also recently been used with marked success. 

Carbon miztures (green mix) are generally made from flour of petroleum 
Soke, graphite, and lampblack, mixed with a binder such as pitch; solvents 
such as benzol are incorporated in the mix. After cooling, the mixture 
caked and therefore generally reground, Table 84 gives the reeults of several 
Binding mills used in the carbon brush industry for grinding such mixtures. 


Table 84. Grinding Carbon Mixtures 


No. 00 Raymond| Midget roller mill 


Material In mix,....... Graphite Lampbluck, pitch, coke 
Capacity, b. per hr, 7h [B 
Fineness, *; through 200 mesh. 65 62,5 

Power required, bp. 20 30 

‘Type of separation. . Vacuum, alr Vacuum, alr 


Lampblack when manufactured is usually very fine. ‘The gas is passed 
hrough bafiled chambers or ducts in which the various grades are procipi- 
tated; the coarser grades are often pulverized for the carbon brush industry. 
Grinding may be done in ball mills, on bubrstones, hammer mills, or roller 
‘mills, with or without air separation. Where an extremely fine product is 
iequired, the same system as described for bone black may be used. А 
aanmer mill equipped with ві separation ground about 200 Ib. per br. to a 
20 11649 of 95 per cent through 200 mesh, with a power consumption of about 
20 h.p, 

Chemicals, Dry Colors, and Dyes. Most chemicals, dry colors, and 
yes offer little resistance to disintegration, but other difficulties incidental 
io grinding arise. Chief among these is the agglomeration, or balling, of the 
Pulverized material. This occurs particularly with certain precipitates or 
Iter-press products, 

Dry colors and dyestuffs are generally pulverized in small unite, such as 
simmer mills or jar and pebble mills. For very small productions the jar 
fill is probably. the most practicable, as it is easily cleaned when changing 
fom one color to another, А train of any number of such jar mills oan be 
ePerated from one drive, each producing a different material. These milla 
“re particularly adapted for wet grinding, although they are also frequently: 
used for dry grinding. However, in the latter case, there is a tendenoy for 
пе material to cout the balls and to adhere to the lining, thus decreasing the 
efficiency of the grinding operation. 
по | other types of mills, such as hammer mills with screen and air separa- 
tion, аге constructed so they can be readily cleaned when changing from ona 
Material to another. 

Most colors are not ground very finely in a dry state, inasmuch as at a latet 

тше they are ground wet in pebble mills or in rolls with the proper vehicle. 
Some dyes, however, are ground very fine; if very hard and crystalline, they 
WI reduced in an air-separation pulverizer or in а screen hammer mill in closed 
Circuit; with a bolting reel or an air separator. 


Sta 
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A few of the basic chemical pigments used in the manufacture of paints are, 
however, pulverized in large quantities, and, as no necessity exists for cleaning 
the pulverizing equipment, they are often ground in large roller mills of the 
ring roll type, equipped ‘with айг separation. Some operating data for 
grinding several of the basic pigments are given in Table 85. 


‘Table 85. Operating Data, Grinding Pigments in Ring Roller Mills 


Capacity, | Horse power 


eee | per раног | Fineness of product. 


ium sulfate, “$ 4500 28 1% 00 325 mesh 

inc sulfate. «и: : 5000 32 1 on 325 mosh 
Barium carbonate... 2 4600 2 | 0.9% ол 325 mesh 
Lithopone... m. 5000 25 |01% оп 325 пећ 
‘Titanium with barium base... а 2000 8 |015 on 325 mesh 
‘Titanium with calcium base. . 2200 57 | 0.08% on 325 mesh 
‘Titanium dioxide, . ШИИ qme 70 | 0.05% on 325 mesh 
Titanium with ааа йш. i ч 2800 45 | 0:08% on 325 mesh 
White lead. 5500 B |05% on 325 mesh 


The properties of the pigments depend greatly upon the type of mill used 
aud upon the conditions under маву 
which they are ground. These fac- lounds per Hour 
tors posl both particle size and 3000 4000 5000 6900 7000 
shape. In grinding certain titani- 9000 
um pigments itis often desirable first 
to grind in a roller mill with air Fineness-pounds per hour’ 8000 
separation; the product from. this 
frst grinding may then Бе processed 
through a high-speed beater mill of 200 1907 
the Imp type, A material increase доу 
in tinting strength often results 
from such treatment. 

Figure 29 shows the grinding 
characteristics of & mill equipped 
with whigzer separation when 
grinding а titanium pigment to 
different finenesses. B 

Lead oxides are generally first i 
ground in high-speed automatic 0 
pulverizers with air separation and 9? n SE inap u AN, 

P ч А ineness- 3% Mesi 

automatic throwout.. This met Fre, 20.—Operating characteristics of mill 
is particularly adapted to grinding equipped with integral whizxer separator 
of incompletely oxidized materials. when grinding a titanium pigment. 

and those containing an appreci 

able amount of metallic lead, which is eliminated through the throwout. 
‘The ‘objective in the production of certain lead oxides is to obtain a prod- 
uct of lowest possible apparent density. Different types of mills pro- 
duce oxides of varying densities, even though the screen analysis may be 
quite similar. How the type of mill used and the grinding method applied 
affect the apparent density of the product may be seen from the following 
test: The lead oxide was first passed through a pulverizer with throwout, for 
removal of the metallic lead. It next went to a roller mill equipped with air 
separation and was subjected to extremely fine grinding. КїпаШу, the 


FSS ар. 5000 


5000 


Pounds per Hour 


4000 


Whizze rpm. 
3 


3000 


INDUSTRIAL APPLICATIONS OF CRUSHERS 1975 


Product from the roller mill went to an Imp pulverizer equipped with whizzer 
Separation. This pulverizer both changed the particle shaped and reduced 
the apparent density of the material. The results are given in Table 86. 

Calcium arsenate is very sticky and has a tendency to adhere to the grinding 
equipment. А high-speed pulverizer, with air separation and air conveying, 
Hives в product possessing proper physical properties. Table 87 gives the 
Operating characteristics for a Raymond No, 00 automatic pulverizer, grinding 
culcium arsenate. 


Table 86. Data Showing the Influence of the Type of Mill upon 
Apparent Density of Lead Oxide 
Туре of automatic pulverizer with throwout,.... 
Power (total) required by pulverizer system, h.p. 
Production, Ib. per hr... d 
Apparent density, g. per cu. 


Size of roller mill... Я :.. No, 8 
Power required by mill, h.p.... 15 
Capacity, Ib. per һг....... 4000 
Apparent density, g. per си, yt 


Size of Imp pulverizer........ 
Power required by pulverizer, h.p. 
Production, lb. per Вг,.............. 3 
Apparent density, g. per eu. т... A 


Table87, Operating Characteristics for a No. 00. Raymond, Grinding 
Calcium Arsenate 


 throogh 200 mesh | Apparent density, cu. ta. | Production, Ib. per br. Horse power 
90 81.5 1300 28 
94 86.0 1100 28 
% 90.6 950 2 
E] 42 750 2 
9 98.7 625 25 
99.5 104.8 550 24 
99,9 10.0 475 2 
99,99 124.8 400 EJ 


A great many insecticides are made by extracting the toxic agent from derris 
Toot and pyrethrum flowers. The use of these materials has become very 
fxtensive within the past few years. The term “derris root” is used rather 
indiscriminately for different species of roots containing rotenone as the 
toxic agent. Amongst these roots are derris root, сиђе root, timbo root, and 
barbasco. "The mill generally used for grinding these roots is the roller 
Tull with air separation. А 50-in. mill will produce about 700 Ib. per hr. 
of cube root, about 600 Ib. per hr. of derris root, and about the same amount 
of the other roots. The fineness to which this material is reduced is generally 
About 95 per cent through 200 mesh. The power consumption is from 125 
to 150 kw.-hr. per ton of finished product. The same type of equipment is 
Used for pulverizing pyrethrum flowers. The capacity on pyrethrum flowers 
when grinding to a fineness of 95 per cent through 200 mesh is about 25 per 
“ent less than that obtained on derris root. The horse power is about 160 to 

5 kw.-hr. per ton, 
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Drugs, Pharmaceuticals, and Spices. Nearly all drugs and phàrmaceu- 
tical are ground in small quantities, sometimes so small that mortar and 
pestle or hand-operated jar mills are used. Materials of fibrous character 
are first passed through а rotary cutter or a high-speed hammer mill; when a 
very fine product is required, stone mills or attrition mills are used. Many 
materials, such аз tonka, vanilla beans, and rose leaves, are ground in batches 
in pebble mills or in small ball mills consisting of a narrow cylinder with one 
large ball, the diameter of which equals the width of the cylinder. Ойу 
seeds, such as olibanum, mustard, and cochineal, when pulverized very fine, 
are usually ground in a pounder mill, similar to a stamp mill, Mustard, in 
pulp-paste or semi-paste form, is generally ground in horizontal stone mills, 

A mill of different type, fitted with grinding plates, is used extensively for 
grinding drugs and spices. One mill of this type is the Quaker City grinding 
mill. Many spices are first reduced on breakers and crackers, fitted with 
corrugated steel cones, plates, or buhrstones. The fine product from these 
breakers is usually a good feed for a finishing mill. 

When drugs, chemicals, and spices are to be granulated, they are usually 
ground by roller mills in closed circuit with bolting reel and sifter. The mill 
most frequently used is a four-roller mill. The upper roll pair may be set 
rather openly, the product passes to the lower pair and then to a sifter, 
where fines are removed. ‘Tailings, after passing through a coarse screen 10 
remove shreds, threads of fiber, and similar objectionable material are 
returned to the upper rolls. А 9- by 18-in., four-roller mill, grinding pepper 
to 30 mesh, showed an hourly capacity of 600 lb., with pulley speed 450 
r.pan, and 15 h.p., including sifter and elevators, 

Resins, Gums, Waxes, and Molding Powders. The grinding character- 
isties of the various resins, gums, waxes, and molding powders depend groatly 
upon their softening temperatures. When a finely divided product is 
required, it is often necessary to use a water-jacketed mill or a pulverizer with 
air separator in which cooled air is introduced into the system. Not all 
waxes can be ground, inasmuch as some of them are soft at the temperatures 
obtainable. However, a great many of them can be powdered if precautions 
nre taken to prevent overheating. Hammer and cage mills are generally 
used for this purpose, 

Table 88, Operating Results with a Roller Mill Grinding Synthetic 
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Resin 
Нек, % through 200 mesh 35 | E] 95 99 
Capacity, fb. per hr. .... 2:0 | 220 1800 1200 
Horse power required. pan ra 32 30 


Most gums and resins, natural or artificial, when used in the paint, varnish, 
cr plastic industries, are not ground very fine, and any hammer or cage mill 
will produce a suitable product. Roll crushers will often give а sufficiently 
fine product. Certain resins used in the bakelite industries must be pulver- 
ized very fine; pebble mills, cooled with water or brine, in closed circuit with 
an air separator, are used. Pulverizers equipped with an air separator, both 
of the roller- and hammer-mill type, аге also used, especially if the finished 
product is to be over 98 or 99 per cent through 200 mesh. Results obtained 
grinding а synthetic resin in a roller mill equipped with air separator are 
given in Table 88. 

Specifications for molding powders vary widely, from an 8-mesh to а 60- 
mesh product; generally the coarser products 12-, 14-, or 20-mesh material. 
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Specifications usually prescribe a minimum of fines (below 100 and 200 mesh). 
Or most purposes the ideal molding powder would consist of particles 
testing —20 mesh and +100 mesh. үу 
Molding powders are generally pro- 
duced with hammer mills, either of 90 
the screen type or equipped with ар 
dir separator. The latteris usually = 
equipped with a sifter; sometimes 970 
the material from the cyclone passes ё gg NI 
through an air separator to remove Ê 
the impalpable powder +50 
Curves A and В in Fig. 30 give the Зло 
Screen analysis of а molding powder. $ 
Produced with sereen pulverizers $30 
fitted with an mesh sereen. “әу 
urve C gives the data obtained 
with an air-separation pulverizer 10 
Unit operated to give a minimum > 9 
oi 100-mesh material, which ою 2 20 40 50 60 70 8 90 WD 
mounted to only 12 per cent. Moch Sone 
is material was passed over an 8- Fic. 30.—Screen analysis of molding powders 
mesh sereen to remove oversize, and produced by various installations, 
the resulting product passed through an air separator to remove the 100-mesh 
Particles, Curve D gives the screen analysis of the final granular product. 
The following material may be ground nt ordinary temperatures if only 
the regular commercial fineness is required: amber, arabae, tragacanth, 
tosin, olibunum, gum benzoin, myrrh, guaiacum, and montan wax. If a 
ner product: is required, hammer mills or attrition mills in closed circuit, 
With screens or air separators, are used. 


Table 89. Operating Results Obtained with Hammer Mills 
Producing Soap Powder 


Туре of pulveriser Foduetion, | Hore power 
5000 » 
1000 2 
4500 ЕД 
5000 5 


Grinding of Soaps. Soaps in a finely divided form may be classified as 
Soap powder, powdered soup, and chips or flakes. The term soap powder 
Applied to в granular product, 12 to 16 mesh, with 4 certain amount of fines, 
Which is produced in hammer mills with perforated or slotted screens, Table 
89 gives the operating results obtained with several types of hammer wills 
Producing soap powders. 

The capacities given in Table 89 greatly depend upon the moisture content 
of the soap. 

Powdered soap is à finely ground powder, with 99 per cent or more through 
200 mesh. Grinding to this finenes aymond automatic pulverizer 
Will handle 300 to 350 Ib. per hr., with 18 to 17 b.p. Cooling, generally by 
introduction of cold air in the air-separating system, is sometimes required 
in grinding soap very fine. Grinding in closed circuit, with screens or air 
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separation is often advantageous, giving a granular product and preventing 
overheating. 

Pulverizing of the metallic soaps, stearates, palmitates, resinates, laurates, 
and erucates is not difficult using modern equipment with provision for keep- 
ing the material cool and in rapid motion. Batch grinding is not practicable 
as the material tends to cake, particularly if a fine product is needed, Oleates 
are usually most troublesome, as they tend to become plastic and creamy. 
Listed in order of their resistance to pulverization some of the metallic soaps 
are: lead, silver, zinc, copper, and nickel s lend, and copper 
palmitate; lead, copper, and zinc laurate; silver, mercury, and lead erucate; 
and silver and lead oleate. 

‘The oleates and erucates are best pulverized by multi-cage milla; laurates 
and palmitates in cage mills and also in hammer mills if particularly fine 
division is not required; stearates may generally be pulverized in multi-cage 
mills, screen mills, and air-separation hammer mills. Table 90 gives the 
operating characteristics of hammer mills when grinding sine stearate and 
aluminum stearate to а finely divided powder. 

Paints, Printing Inks, and Pastes. Paints, printing inks, and pastes 
are generally ground in flat stone mills, roll mills, and pebble mills; the latter 
have largely replaced the stone mills for grinding pigments in oil. For 


Table 90. Operating Data for Hammer Mills Grinding Zinc and 
Aluminum Stearates 


Zinc stear Aluminum stearata 


Туре of pulverizer. | Sereen-type hammer mill 
Capacity, Ib. per hr 500 300 
Fineness, той 32 60 70 


In closed cireuit with air separator: 
Capacity, Ib. per hr. 100 15 
Fineness, % through 325 mesh 99. 

Horse poyer required | 


grinding oils, Japan, paste, paints, and creams, the buhrstone mills are во 
constructed that they may be water-cooled and easily taken apart for cleaning 
when changing from one product to another. An 18-in. 2-В.р., Day-jacketed 
ointment mill with 8-gal. hopper hus a capacity of 400 to 600 gal. 

The roller mill is used extensively for grinding large quantities of paints, 
blocking, flat-drying wall paints, enamels, colors in varnishes, and various 
types of inks. This mill (Fig. 14) consists of two or more rolls operated at dif- 
ferent speeds, which not only tends to force the material between the rolls but 
also subjects it to а rubbing action. АП modern roller mills have rolls bored 
for water cooling. When the material has been ground to proper consistency 
it is discharged with a scraper. Capacities vary widely with the type of 
material ground, Power consumption of the Day roller mills is given in 
Table 91. 

‘The typical roller mill is built in standard sizes 5 by 12, 12 by 30, 16 by 
40, and 20 by 60in. Herringbone gear drive on both ends of the rolls assures 
even pressure and speed over the entire surface. Pressure between rolls is 
hydraulic and is controlled by gages so that any desired pressure may be 
maintained. Thus the operator is able to duplicate the fineness of ш 
particular grind at any time. Adjustable side plates held lightly, but po: 
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tively, against the end of the rolls eliminate the use of fountain stop blocks, 
which, when riding on the rolls, tend to wear grooves through which tho 
material may pass unevenly ground. Operating characteristics of а Vasel 
mill are given in Table 9 


Table 91. Power Required by Various Day Roller Mills 


| 

‘Type of nil Sise, tn, | Horse power 
| 

Midget, three-roll | 5x12 2 

Standard three-roll | 9X24 5 

Standard three-roll 9x3 75 

Standard three-roll | 2х2 | 5 

Standard three-roll | x40 | m 

Five roller | 2x3 | 20-25 

Five roller. | 1438 | 3050 


In many cases the roller mill has advantages over the flat stone mill. 
Pigmenta can be ground to a much heavier paste; a greater rubbing effect is 
thus obtained. Redressing of stones is eliminated, the roller mills lasting 
from 8 to 10 years without regrinding. The grinding and rubber processes 
are visible at all times, and change from one color to another requires less 


Table 92, Operating Characteristics of 16- by 40-in. Roller Mill 


Receiving roll | Delivery roll 


Horse 
Product Ране | Horse m 

ур | eme, | Speed, | ыу | Speed, 

| W* | rpm. | SH | rpm. 
Soap, | а 450 | 2 | 50 | в 
Soup, 1555 појаве, 1 iso | 20 | 200 | № 
fe moisture. i 150 | 20| 20 | в 
Walt tor window И | 400 | 24 | 440 | % 
Yellow, for window shades i 20| 3 | 40 | 12 
Prusaian blue, firat pass, \ 50 | 24 | 70 | 96 
second past, 4 50 | 22 | z | 8 
hird passi. f 6 | m | 700 | 72 
fourth pass... «о | 18 | 70 | 72 
Chocolate. ...... П 40 | 20 | 20 | 8 
ile chocols te paste No. ВВ 1 40 | 2 | 250 | m 
Chocolate E. і 430 20 | 350 B0 
Red toner litho ink 3 700 | 30 | 450 | 120 
lack printing Ink 2 ж | 30 | 500 | 12 


than 10 min. А 12- by 32-in. roller mill has an average capacity of two or 
three times that of a 30-in. stone mill. 

А comparison of the grinding area of buhrstone and pebble milla of the 
sume diameter show that the buhr has only a fraction of the combined arcas 
of the pebbles and the lining of pebble mills. Other advantages of pebble 
mills are: For the same size, the power required for the pebble mill is only 
three-sevenths of the Биће; grinding time is about three-eighths, and the 
Amount of semi-paste obtained is about 115 times as great, For the same 
power and grinding time, the pebble mill has about seven times the capaci 
After allowing liberally for charging and discharging time, the pebble mill 
Will be about 500 per cent more efficient than the buhrstone mill. Occasion- 
ally the quality of the product may be of greater consequence than the 
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operating advantages. Buhrstone mills often produce a more desirable 
particle shape and may be selected for that reason. 

Pebble mills are operated both wet and dry. They are used in the ceramic 
industries for the grinding of raw and calcined clays, flint, feldspathic mate- 
rials, frit, glaze, vitreous enamel, paper coatings, and various powders and 
colors. In the paint industry, they are used for the grinding of heavy pastes 
and semi-pastes, most types of paints, undercoats, enamels, flat varn 
lacquers, stains, and lithographic colors (for tin cans), Pebble mills are also 
used in the ink industry. 

Among the advantages offered by pebble mills are: an increase of 400 per 
cent in capacity with the same capital investment and the same power con- 
sumption; no preliminary mixer is required; less floor space is required; no 
attention is needed during grinding; there is no loss by evaporation when 
pigments are ground in a volatile vehicle and no loss of material on account of 
drying and filming; products are ground to uniform color, fineness and con- 
sistency; no dressing is required and cleaning is easy. A comparison of the 
relative performances of pebble and buhrstone mills is given in Table 93. 

"The “paint capacity" of a pebble mill is conservatively figured as 50 per 
cent of the volume, Total volume of the mill in Table 93 is 128 gal.; volume 

Table 93, Comparison of Pebble Mill and Buhrstone Mill 


Capacity, | Grinding 
time, hr 


| ml. 


мш 


Si Is | Horse 
v Sue, ft. | E 


E] 
35 


244 x 344 
p 


икея listen cs 


B 3 2 
A 7 -5 


of pebbles, including voids, is 45 per cent of volume, Volume of voids is 40 
per cent of pebble volume, which is 27 per cent of the mill volume, “ Unocou- 
pied” volume of mill is 23 per cent of the total volume, 

‘The pebble mill is particularly well adapted for the grinding of colors in o 
Paints are ground to a ser the consistency may be 
further reduced by adding thinner to the mill and allowing the mill to rotate 
a short time, or by emptying the semi-paste into a mixer and adding the 
thinner to the mixer. 

The Patterson Type D. 


pebble mill is jacketed and equipped with 
temperature control which permits the grinding of heavy pastes or other 
materials which solidify when соја, If desired, the material may be cooled 
during grinding by circulating brine ог cold water through the jacket. Steam, 
hot or cold water, or brine is admitted through the shaft at one end of the 
mill and leaves at the other end, circulating back and forth over the entire 
surface of the shell. Hot or cold grinding, mixing under pressure or vacuum, 
drying, chemical reactions or distillation with recovery of solvents may be 
carried out with this type of mill. Operating characteristics of several sizes 
are given in Table 94. 

The Abbe pebble mills for grinding paints аге made in sizes from 1-ft. 6-in. 
diameter and 1 ft. 6 in. long to 7-ft. 6-in. diameter and 10 ft. long. These mills 
аге of the batch or intermittent type, the cylinder being about half filled with 
pebbles or porcelain or metal balls. A special wet-discharge valve is used 
for emptying the mill, Operating data for а No. 2 mill, 5-Й. diameter and 
4 ft. long, grinding batches of different kinds of pastes, are given in Table 95. 

Table 96 gives the correct grinding proportions and bulking values for 
semi-paste colors. 
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Table 94. Operating Data of the D. J. Type of Pebble Mill 


1981 


‘Total volume without pebble 


Capacity 5095 of pebble charge. 


‘Horse power 


charge, gal. тӯ sand basis, pound. 
Bize of mill, tn. 
| 
Rx в T 10 18 35 75 0.5. 
8х 24 ۴ 27 43 p 100 0.75 
30 Х 42. 80. 86 125 270 285 2 
LETA 30 | 370 | 455 | 1150 | 120 asit 
7х 60 830 885 1000 280 | 2950 9 
80 x 120 3200 3400 3600 | 10,800 | 11,200 30 
Operating capacity (liquid 
basis 50% pebble churge), Charge, Ib, 
‘gallon Operating expec: 
Blse of. mill, in. it аайын. Dyji afar 
pebble charge, | thinning, gal. 
1 | ше" ^ 
filer | Бие | Valine | Pebbles | Balls 
вх 18 re 6 10 14 14% 
UX 36 2! 22 38 5 M Ed м 
36x 48 n 85 M5 155 уз те, than ор“ | 1025 | 2400 
0X 48 25 | 200 | 35 450 {ш cume-| 3150 | 6,600 
96x20 | 1780 | 1800 | 2000 жю (19 | 2200 | 41/000 
Table 95. Operating Data for No.2 Abbe Pebble Mill 
| Flat white | White ший | Black enamel 
hance, iiL... | 250 250 250 
Aime of grinding, hr... 24 8-15 30-60 
p required 
Por stating ? | 8 8 8 
l'or operation... | 4 4 4. 
Table 96. Correct Grinding Proportions for Semi-paste Colors in 
Linseed Oil 
Colors Pigment, % | Oi % | Bulking value, set paste, 
Dele Ind carbonate. | % $9 
Lithopane, | 82 
Garbon blask... 2 11:65 
та blue. 5 Н 2 
у Yellow... | 
Graphite.. » | 10:18 


OTHER METHODS ОЕ COMMINUTION 


INTRODUCTION 
By Allan P. Colburn 


The conversion of naturally occurring or manufactured materials into 
finely divided forms has been commercially important for a great many years. 
Crushing, grinding, and pulverizing of stones, many kinds of ores, and 
various other materials have been known and described by many generations 
since the time of Agricola and before. The first part of the present si 
(Sec. 16) describes in detail the modern crushing, grinding, and pulveri: 
operations, techniques, and equipment. The purpose of this part of the 
ion is to discuss briefly other commercially important methods and equip- 
ment for producing finely divided materials that frequently must be obtained. 
in special shapes not feasible by the ordinary methods of crushing, grinding, 
and pulverizing. 

The demand for equipment and processes to give finely divided products 
has been met for the most part by the previously described processes and 
equipment relating to crushing, grinding, pulverizing, shredding, cut- 
ting, ete. For several centuries, however, there has been a demand for 
equipment and processes that would produce finely divided materials in 
special shapes (spheroidal, ete.). The spheroidal and other shapes of finely 
divided particles cannot be obtained by the ordinary comminution methods; 
hence special inventions were developed to meet these needs. Lead shot was 
perhaps the first commercially important special shape of finely-divided 
material that could not be produced on the then existing equipment, Shot- 
ting towers were developed for this need, and there still exist many of the 
old shot towers erected to produce the lead shot that was so important to 
pioneers in the United States both as weapons used in obtaining food and in 
warfare. 

‘The growth of the chemical industries has accelerated greatly the demand 
for new methods of comminuting natural and manufactured materials in 
order to produce special shapes and sizes that are not producible by ordinary 
comminuting apparatus. This demand for new shapes and sizes has arisen 
from two principal sources: (1) from consumer or customer demand, which 
Ваз required materials like soap, trisodium phosphate, sodium bisulfate in 
the shapes of spheres, flakes, granules, etc., which the ultimate consumer 
demanded on account of improved appearance, convenience, or economy of 
use or processing. The granulation of fertilizers is a growing development in 
this field. (2) From technological or manufacturing demands: the use of 
raw materials and intermediates in special forms, such as spheres, flakes, 
granules, etc. has proved to be essential and economically or technically 
highly desirable. Thus in many chemical processes а raw material or inter- 
mediate in a special form is required or desirable in order to effect economies 
in processing—either physical, as in conveying, or chemical in controlling 
reactions. Of increasing importance are catalytic operations, of which а 
prime factor is the preparation of catalysts in granular form to provide proper 
surface without excessive resistance to flow. 

A newly growing field is that of powder metallurgy in which metallic 
powders are produced for many purposes such as the manufacture of porous 
1982 
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bearings, refractory metals, sprayed coatings, ete. The saving on labor and 
ветар in this process is significant for its rapid development. 

The remainder of this section will treat the theory of dispersion of liquid 
droplets, spray nozzles, spray painting, granulation, flaking, and metal 
Powders. Information on spray drying is included in Sec. 13, Drying. 
It is expected that the future will show rapid development of these and other 
methods of comminution. 


THEORY OF DISPERSION OF LIQUID DROPLETS 
By В. V. Kleinschmidt 

Ruymrences: A very complete résumé of this subject as applied particularly to fuel 
4tomization in internal combustion engines is given by Castleman, Bur, Standards J. 
Research, 6, 369-376 (1931). Other references: Plateau, “Statique expérimentale et. 
Théoretique, eto.," Paris, 1873; Scheubel, Wiss. Ges. Luftfahrt Jahrabuch, 1927, p. 140, 

Mechanism. Тһе basic mechanism of droplet formation consists in 
drawing out the liquid into a slender stream or filament. Lord Rayleigh 
IProc. London Math. Soc. 10, 4 (1879) and “Theory of Sound," Chap. XX] has 
shown that a liquid cylinder is unstable and that any slight displacement 
will cause it to neck down in places and bulge out in others, eventually 
collapsing into droplets. Just at the moment of collapse a second set of 
Very much smaller droplets forms from the last filaments of liquid connecting 
the primary droplets. The phenomenon may be readily observed in a 
thin stream of water from a faucet and is sufficiently regular to be observed 
by stroboscopic light. The existence of the secondary droplets may also be 
demonstrated by passing such a stream through a gentle breeze which will 
deflect the secondary droplets so that they may be caught and studied. 

The direct formation of streams of liquid thin enough to produce fine 
Sprays is not usually practical; hence secondary actions are resorted to. 
Two of these methods are as follows: 

1. Filaments of liquid are dragged out by the impingement of high- 
Velocity turbulent air or steam jets on the liquid surface. In this case a 
brimary droplet is dragged away from the surface, carrying behind it a 
filament which may be stretched out by the velocity and turbulence of the 
Bus to a very fine thread before it collapses to droplets. Such action produces 
а wide range of particle sizes, many of them exceedingly fine. 

2. The other common method of forming filaments is to spread the liquid 
out into a thin sheet. This sheet then draws up into a filament on its free 
edge, and this filament, in turn, breaks down into droplets. Such sheets 
ог films of liquid, when projected into air at a high velocity, often exhibit, 
Another and extremely interesting phenomenon. The rapid relative moi 
9f the film of liquid and the surrounding air sets up turbulence in the air 
which, reacting on the liquid film, causes it to wave or flap, just like а flag 
flying in the breeze. Аф its free edge, this flapping often becomes so violent 
that the film actually rolls up and joins itself into a tube which breaks away 
from the sheet and, being unstable, as a solid filament is, necks down and 
breaks into droplets. In this case, however, the droplets are hollow, haying 
enclosed в considerable amount of air. Often these particles also enclose 
Other smaller particles previously formed. ‘These hollow particles are usually 
Very thin-walled and present a large surface, which is frequently desirable. 

, Energy Relations. The energy required to form в liquid into droplets 
is composed mainly of three parts: (1) energy required to form surface 
Against, surface tension, which is simply the surface tension times the addi- 
tional surface formed. In the case of water at room temperature, the net 
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energy per unit volume required to form droplets 1 in diameter, corresponds 
to в pressure on the liquid of only 0.005 Ib. per ва, in. (2) Since the time 
during which droplet formation usually takes place is very short, often a 
few microseconds, the rate of deformation of the liquid is very high, and 
viscous forces become enormous. The energy required to produce this 
deformation is, therefore, appreciable although not readily computed. 
(3) There is energy lost due to inefficient application of energy to the fluid. 
"When the energy is supplied directly to the liquid by a pump and released 
in a well-designed nozzle, this last efficiency is probably high, but, in the 
case of air or steam jets impinging on the liquid, the transfer of energy is 
relatively low. Offsetting this is the fact that very large amounts of energy 
can be applied in а compressible fluid such as air ог steam, as compared with 
that stored in a liquid under pressure. The latter is simply 144 PV ft-lb. 
per Ib. of liquid (where P = pressure, Ib. per sq. in. and У = specific volume 
of liquid, eu, ft. per lb.) or 144P/02.3, ог 2.3P for water at room temperature. 
The available energy of 1 lb. of saturated steam ut 60 lb. per sq. in. gage 
expanding to atmospheric pressure is 36,300 ft-lb. In order to concentrate 
this energy in а pound of liquid water, there would be required a pressure of 
over 15,000 1b. per sq. in. Although, in general, increasing amounts of energy 
applied to the atomization of a liquid tend to produce finer and finer particles, 
there is probably a theoretical and certainly a practical limit to which this 
can be carried. Аз the filaments of liquid become finer and finer, their rate 
of collapse increases rapidly owing to the high surface energy per unit volume 
of liquid, The rate and amount of deformation required also increase, 
Sauter (Forsch. Gebiete Ingenieurw., 1928, No. 312) found that at high air 
speeds atomization jn a certain type of nozzle approached asymptotically a 
droplet size of about би. 

Dispersion. Equally important with the formation of liquid droplets 
is their adequate dispersion, since, if allowed to come in contact, they will 
immediately recombine. In the ease of atomization with a stream of high- 
velocity gas very little recombination probably occurs, since all particles 
are carried away in the gas stream with approximately the same velocity. 
In the case of pressure atomization, however, dispersion becomes important. 
In this ease the droplets are projected into more or less quiescent ai. If itis 
assumed that the particles are small enough to encounter resistance in accord- 
ance with Stokes's law and that they all leave the nozzle with the same veloc- 
ity, they will travel out into the gas for distances which are approximately 
proportional to their diameters before being stopped by the friction of the 
air. The smaller particles will tend to collect in considerable numbers 
near the nozzle and to collide with the larger partieles which are still moving 
with appreciable velocities in this region. If the droplet-size distribution 
from the ziozzle were accurately known, it would be possible to compute the 
probable amount of recombination due to collisions by the methods outlined 
by Kleinschmidt [Chem. & Met. Eng., 46, 487-490 (1939)). This is seldom 
possible, and the only practical value of such considerations is to indicate 
the importance of maintaining an adequate flow of gas past the nozzle to 
remove the droplets as formed. 


SPRAY NOZZLES 
By Н. 6. Houghton 


А spray nozzle is a device for breaking up a liquid into drops. The applica- 
tions of spray nozsles are numerous and varied and consequently a large 
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number of different forms are in use. All spray nozzles may be 
under one of the following types: 
Pressure nozzles in which the fluid is under pressure and is broken up 

У its inherent instability and its impact on the atmosphere or by its impact 
9n another jet or a fixed plate. 

2. Rotating nozzles in which the fluid is fed at low pressure to the center 
of a rapidly rotating disk or cup. Centrifugal force causes the fluid to be 
broken up into drops. 

3. Gas-atomizing nozzles in which the fluid is subjected to the disrupting 
lect of a high-velocity jet of gas. There are several forms of each of these 
types in common use, and these will now be described in turn. 


Pressure Nozzles 


Hollow-cone Nozzles. The pressure nozzles find the widest field of 
Application snd are available in a variety of forms and sizes, The most 


Fio, 1—А small hollow- Fie. 
Sone nozzle of the tangential hollow-cone nozzle large hollow-cone 
type, (Courtesy of ТМ of the fixed spiral nozzle. (Courtesy 
Spray Engineering Co.) type. (Courteny of af Schutte and 
Schulte and Koer- Koerting Co.) 


ting Со.) 


опитот of these is the so-called hollow-cone nozzle. In this nozzle the 
gd is fed into а whirl chamber through tangential passages or through а 
хей spiral во that it acquires a rapid rotation. The orifice is placed on the 
xis of the whirl chamber, and the fluid exits in the form of a hollow, conic 
Sheet which then bres Such nozzles are illustrated in 
108. 1, 2, and 3. Hollow-cone nozzles are made with orifices from 0,02 
3008 m in diameter with corresponding discharge rates of from Jess! than 
140 more (han 200 gal. per min. The larger sizes are used for cooling ponds, 
‘Ov Washing gravel and sand, aerating water, ete., and are usually operated 
"t relatively low pressures. Smaller nozzles may be used for spray drying, 
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air washers and humidifiers, oil burners, gas absorption, ete., and are usually 
operated at somewhat higher pressures. In common with all pressure nozzles 
the capacity of a given nozzle is nearly proportional to the square root of 
the pressure except at extremely high pressures where 
friction limits the discharge. Operating pressures do not 
usually exceed 300 Ib. per sq. in. except in special cases 
such аз milk-powdering sprays where pressures of 
from 1000 to 2500 Ib. per sq. in. are used. For a given 
design of nozzle the discharge at constant pressure is ap- 
proximately proportional to the area of the orifice, although 
ihe orifice does not run full. The discharge does not 
vary much with the viscosity of the fluid, until the vis- 
cosity is more than ten times that of water, although the 
drop size is considerably altered, as will be poin 

below. ‘The included angle of the spray cone usually 
creases slowly with pressure to a maximum and then de- 
creases, but it is largely determined by the proportions 
of the noz A spiral with в short pitch produces a 
wide-angle spray, and conyersely a large pitch spiral 
gives a small included angle. The angle may be from 15 cone nozzle. 
io 135 deg., but it is not always possible to obtain stock (Courtesy of ТМ 
nozzles of a desired angle when the pressure and discharge Spray Engineering 


rate are also fixed. Nozzles with в small included angle Со.) 
tend to produce a solid- B | 
cone rather than a hol- | 


low-cone spray. 
Solid-cone Nozzles. 
The solid-cone nozzle is А 
а modification of the ho 
lor one nozzle which is 
used when complete co 
erage of a fixed area is 
desired, Buch nozzles 
аге used for certain wash- 
ing applications, for cool- 
ing and aerating water, 
and (for other purposes 
where the more uniform 
spatial distribution of the 
drops is advantageous. 
‘The construction and op- 
eration of a typical solid- 
cone nozzle are illustrated 
in Fig. 4. The nozzle is 
essentially а hollow-cone 
nozzle with the addition 
of an axial jet which 


strikes e rota g ii HA а 

а recA Section B-B 
"The break-up is largely 
due to thisimpaet and the 
resulting turbulence, The fluid appears to leave the orifice in drop form: 
whereas in а hollow-cone nozzle a short conical fluid sheet which break? 


—One type of fan nozzle. (Courtesy of The Spray 
Engineering Co.) 
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Up outside the orifice is usually observed. To obtain a uniform spatial 
distribution, it is necessary to design the nozzle so that 
the proper relation exists between the amount of liquid 
fed to the center jet, the amount which is rotated, and 
the orifice size. Normally, more of the fluid is given 
а rotary motion than is passed through the axial jet. 

Separate feed line may be connected to the axial jet 
30 that two liquids or a liquid and a gas can be inti- 
mately mixed. This is often useful for chemical 
application: 

The included angle of the solid-cone spray is a func- 
lion of the design of the nozzle and is nearly indepen- 
Aentof pressure, Various commercial solid-cone nozzles 
Produce’ cones with included angles of from 30 to 
100 deg. As indicated above, hollow-cone nozzles with 
small included angles (less than about 30 deg.) give 
® solid-cone spray without the addition of a center jet. 
Solid-cone nozzles are not usually available in such 
Small sizes as are hollow-cone nozzles, but stock sizes 
have discharge rates from less than 1 gal. per min. to 
Several hundred gallons per minute. 

Fan Nozzles. A third form of pressure nozzle is the 
Yo-called fan nozzle. By means of milled cuts or 
channels on the rear face of the orifice plate, and some- 
times an elongated orifice, or by means of two inclined 
Jets, the fluid is caused to exit in the form of a flat fan- = 
shaped fluid sheet which then breaks up into drops, Sf" 01 fen, nossle, 

M = (Courtesy of Schutte and 
Typical fan nozzles are shown in Figs. 5 and 6. Ow- Кое Co) 

Ing to surface tension, the edges of the sheet are usually 
bounded by solid streams or “horns,” particularly in 
he smaller sizes, which may comprise from one-fourth 
to one-half of the total amount of liquid sprayed. 

These streams break up into larger drops than the 
Central sheet. The horns are usually not so pro- 
nounced in the larger sizes, and for included angles of 
Spray that are less than about 50 deg. Fan nozzles 
Are useful when it is desired to distribute the spray 
Along a line such as in washing, cleaning, coating, or 
Cooling material in a continuous process, The included 
angle of the fan is from 10 to 130 deg. in standard 
Nozzles, and capacities range from 0.1 to 20 gal. per 
min, 

Impact Nozzles. Another type of nozzle which is 
Шей for certain special purposes is the impact nozzle. 

solid stream of fluid under pressure is caused to 
Strike a fixed surface or another similar stream. Ву Fre. А small 
4 proper orientation and shape of the plate or by vary- impact nozzle as used 
ing the size and direction of the two fluid streams, itis in а direct humiditic 
Possible to obtain a hollow cone, fan- or disk shaped {Courtesy of Park 
fluid sheet. Such nozzles are not widely used, the two СО” Со) 
Common applications being in some types of air-moistening equipment and 
or automatic sprinkler heads, А humidifying nozzle of this type is shown. 
in Fig, 7. 


Fra, 6.—Another de- 
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Pressure nozzles as a class are relatively simple, small, and inexpensive, 
and they usually consume less power than other types. They may be used 
with all fluids which have a viscosity less than about 300 to 500 sec. Saybolt 
and which do not contain solid particles larger than the passages in the 
nozzle. 

Materials of Construction. Pressure nozzles are commonly furnished 
in cast iron and cast brass or bronze in the larger sizes and in steel, brass, and 
bronze in the smaller sizes, When corrosion or erosion is important, the 
nozzles may be formed from any material which can be either machined, 
east, or molded. Some of the more common special materials are stainless 
steel, monel metal, hard lead, ceramics, hard rubber, and glass. When 
erosion is an important consideration, tips of stellite or other hard alloys may 
be used. Monel metal nozzles are particularly useful for high-temperature 
applications. Typical pressure-capacity data for standard pressure nossles 
are contained in Table 1. 


Table 1. Discharge Rates and Included Angle of Spray of Typical 
Pressure Nozzles* 
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| 
| Discharge, gal. per min., and included angle of spray 
ice | 
Мое | ўе, | 101b. per sq. in. | 2516, per sq. in. | 501b. per sq. in. | 100 1b; per sq. in. 
type T Le eter: YN ^ direct a ee 
| | I | | 
Dis- | Ande, | Dis | Angle, | Di | Angle, | Dis- | Angle, 
harge | deg. | charge | deg. | charge | d charge | deg. 
| | 
Hollow cone | 0.046 | о | 6 | ons| @ [os] 5 
Mo | 035 | & ов | s | тој 90 | 19] 95 
18 | 125 | S | тв | њ | 25 | 8 | $6 | 9 
5 | 72 | 6: |ws | 7 |165 | 70 
Solid cone 47 о | 6 | 025| 70 | ом | 70 
в | 160 % | 240 | 58 | 342 | 60 | 48 | ө 
250 | 335 | 6 | $40 | 70 | 750 | 70 [104 | 75 
50 |175 | њ [275 | & |387 | 73 
Fao Qi | 0:085) 40 | 07152) 90 | 0182) по | 0.25 | по 
юз | 070 | 7 | 12] 76 |17| 8 | 2:35 | en 
10 | 225 | 50 | зло | $ | 5135 | 6 | 7170 | 6 
25 | 950 | & | 540 | п zm | 8 [s В 
| | | 


* Data furnished through the courtesy of the Spray Engineering Co. 


Rotating Nozzles 

‘The essential part of a rotating nozzle is a disk or cup which is usually 
directly connected to an electric motor. The fluid to be sprayed is fed under 
low pressure to the center of the rotating disk. Various forms of disks are 
used in an attempt to improve the spraying characteristics. Vanes are often 
attached to the periphery of the disk or mounted separately a short distance 
from the periphery to assist the break-up or to remove some of the larger 
drops. The rotary nozzle is particularly useful for spraying viscous liquids, 
slurries, and liquids containing solid particles which would clog other nozzles. 
They are also used in some air washers, in small air-moistening units, and in 
domestic oil burners. The spray is distributed in al] directions in the plane 
of the disk, and this is often a disadvantage. Disk speeds depend on the 
application and size of the nozzle and vary from a few hundred to several 
thousand r.p.m. The quantity of fluid sprayed may be readily controlled 
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Over wide limits. Small units may spray only a fraction of a gallon per hour 
for air moistening, while some large units operate at a discharge rate of 100 gal. 
Der min. The size of the drops produced may be varied by changing the 
Speed of rotation and the discharge rate, high speeds and low discharge rates 
giving smaller drops. Rotating nozzles commonly require somewhat more 
Power to operate than a pressure nozzle for a given application. This is 
Probably due to friction losses between the fluid and the disk and betwoen 
the fluid and the air. In addition, & pump must often be used to deliver the 
fluid to the disk. The rotating nozzle is relatively large and expensive and 
4s not commonly used for purposes to which pressure nozzles are equally 
*pplicable. 


Gas-atomizing Nozzles 


In a gas-atomizing nozzle the liquid is broken up by impingement with a 
high-velocity stream of gas, usually air or steam. The fluid may be fed 
essure, low gravity head, or sucked up by the injector action of the 
am. The contact between the fluid and the gas may take place 
entirely outside the nozzle or within a chamber from which the spray exits 
through an orifice. The shape of the cloud of spray may be controlled by 
the shape of the orifice in the internal mixing types and by additional gas 
Jets in the external mixing type. 

Applications, Gas-atomizing nozzles are used when very small drops are 
desired, They are also capable of spraying more viscous fluids than pressure 
Nowzles, "They are commonly used for spray painting, for air and material 
Moistening, for the application of inseeticides, and in oil burners. Except 
for the oil-burner application the discharge rate of gas-atomizing nozzles 
is small, seldom exceeding 10 gal. per hr. Considerably more power is 
Tequired to spray at a given rate with a gas-atomizing nozzle than with a 
Pressure nozzle because the fluid is much more finely divided. 

Paint Spraying. Atomizers for paint spraying are available in a wide 
Variety of types, External mixing is more common but internal mixing is 
also used. Tt is often desirable to have a fan-shaped spray for painting. In 
external mixing nozzles this is accomplished by two external air jets which 
impinge оп the spray from opposite sides and flatten it out. ‘The degree of 
flattening may be varied by varying the pressure of the forming jets. Valves 
аге often provided for this purpose, so that the spray may be varied from a 
fan shape to a conical shape. The amount of paint supplied is commonly 
Adjusted by varying the travel of the control valve. Spray guns are operated 
üt air pressures from 20 to 80 Ib. per sq. in. but 40 50100 Ib. per ва. in. is the 
Usual range. The more viscous the paint the more pressure is required. 
Production-type spray guns usually require from 4 to 8 eu. ft. of free air per 
minute at a pressure of 40 Ib. per aq. in. The volume of fluid delivered is n. 
funetion of the air pressure and of the fluid pressure. In some spray guns 
the paint is carried in a small tank attached to the gun and is fed either by 
Pressure or suction. For production work the paint is usually stored in a 
arge separate tank under either gravity or pressure head, and is supplied to 
the guns through rubber hoses. Further information on paint spraying is 
given on р. 1904. 

Humidifcation. Gas-atomizing nozzles are often used for direct humidi- 

ication in plants where controlled humidity is required, such as textile and 
Paper mills, A typical unit is shown in Fig. 8. А number of atomizers 
Эге mounted on the supply pipes which are attached to the ceiling, The 
Nozgles are arranged to spray horizontally and are adjusted so that the 
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spray will be completely evaporated before reaching the floor or machinery 
beneath them. Humidifying nozzles spray from 1 to 10 gal. per hr. and 
require from 40 to 

80 cu. ft. of free айг 
per gallon of water. 
‘The air pressure is 
usually about 30 
1b. per sq. in., and 
the water may be 
delivered by suc- 
tion from a level Е 
slightly below the us 
atomizer or under de 

а pressure of from. = 

10 to 30 Ib. per sq. 

їп, 

Oil Burners. 
Although most 
small oil burners 
Use pressure noz- 
ales, gas-atomizing 
nozzles аге com- 
monly used in the 
larger installa- 
tions, particularly 
when the heavier 
grades of oil are 
burned. Preheat- 
ers are often used 
to reduce the vis- 
cosity of the oil 
before atomiza- 
tion. Although air may be employed as the atomizing agent, steam is more 
often used. The air or steam pressure may be from 20 to 100 Ib. per sq. in., with 
60 Ib. per ва. in. being a typical value. The oil feed may be by gravity or 
suction, but in the larger installations the oil is usually delivered under a pree- 
sure of from 10 to 60 1b. per ва. in. A typical oil-burning nozzle requires from 
0.10 to 0.15 Ib. of steam per pound of fuel. A steam-atomizing oil-burner 
nozzle is shown in Fig, 13, p. 2354. 

Spray Drying. Gas-atomizing nozzles are also often used for spray drying 
of soap and other products. Steam is often used as the atomizing agent 
to assist in the drying. Requirements in this field are so varied that no 
typical data can be given. 


A 


Liquid 


Ета. 8.—A small gas-atomixing nozzle as used for direct humidi- 
fication. (Courtesy of The Spray Engineering Co.) 


Drop Size 

For many applications of spray nozzles the size of the drops produced is 
of considerable importance. When a liquid is disrupted, it first breaks into 
small filaments which are detached from the mass. The filaments contract 
due to surface tension, and an oscillation is set up which results in the forma- 
tion of one large drop and one or more smaller drops from each filament. 
Since the filaments are not all the same size, a considerable range of drop 
sizes invariably results. The greater the disrupting force, the smaller the 
filaments and hence the smaller the drops. The filaments are most likely to 
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be more nearly of the same size if the sheet is thin and of uniform velocity 
And thickness ín the region of break-up. In a practical sense this means 
that, small nozzles with smooth passages and orifices will produce the narrow- 
tet range of drop sizes. Also the higher the pressure the smaller will be 
the drops, other things being equal. It is found that for pressure nozzles the 

rop size is approximately inversely proportional to the square root of the 
Pressure, 

The viscosity, surface tension, and density of the liquid also affect: the 
drop size. In the case of pressure nozzles it has been found that the drop 
Size increases nearly as the square root of the viscosity. Те is also known that 
the drop size is inversely proportional to the surface tension and to the density, 
but the exact laws of variation have not been established. 

Pressure nozzles of like capacity give a similar distribution of drop sizes 
When operated at a given pressure. The hollow-cone nozzles usually yield 
а somewhat smaller range of drop sizes than the solid-cone nozzles. The 
Central sheet of small fan nozzles is also particularly good in this respect, 

ut the “horns” at the edge of the sheet break up into much larger drops so 

that the advantage is largely lost, For applications which require the 
Smallest possible range of drop sizes a large number of small nozzles should 
be used in preference to a few nozzles of large capacity. If a maximum 
Number of small drops is required, nozzles of the smallest size practicable 
should ре used and operated at the highest possible pressure, (Pressures 
in excess of about 300 Ib, per sq. in. will have no useful effect except in the 
©азе of special high-pressure nozzles.) 


Table 2, The Drop-size Distributions Produced by Three Hollow~ 
cone Nozzles of the Same Design 


‘The number of drops in each size group. 


Nomin 5 я 
fered 0,063, orifice diameter | 00%. orice diameter | 012in. 
‘orifice 
E eal РНР diameter 
жь. | 100. 201, 200 ib. 
per aq. in. | per sq. per sq. in. | persa. in 
1700 100 300 100 
580 60 150 50 
260 E 100 $ 
70 26 » 27 
35 14 18 15 
27 5 12 J 
îi 5 8 6 
4 4 7 3 
2: 2 1 2 
1 x » 


Мота: 1 u (micron) = 1074 еш. ‘The nominal diameter is the mid-diameter of a drop 

group which includes a finite range of sizes. The 25" group includes drops from 17.5 to 37.5 м, the “ 50" 

Toup contains drops from 37.5 to 75 и, ete. The number of drops bas been adjusted in each case so that 
© total amount of fluid sprayed is the same for each size distribution. 


Because of the wide range of drop sizes formed by a spray nozzle, it it 
difficult to define an average drop size which will be significant for all purposes. 
t is usually better to have detailed information on the frequency distribution 
of the drop sizes. It is not practicable to present complete data of this sort 
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here because of the large number of variables involved. However, a few 
typical drop-size distributions which illustrate the effect of pressure variations 
and of the nozzle size are given in Table 2. These figures may be taken ава 
fair example of the performance of pressure nozzles. If liquids of different 
physical properties are sprayed, the same size distributions will be obtained 
but at different pressures, For example, if a fluid has the same density and 
surface tension as water but twice the viscosity, the pressure would have to 
be about doubled in order to obtain the same size distribution, 

From the standpoint of drop size, the only difference between а rotating 
nozzle and a pressure nozzle is that in the former the liquid is formed into В 
thin sheet of suitable velocity by centrifugal force instead of by direct fluid 
pressure. As a result, the drop-size distribution of a rotating noazle is quite 
similar to that of a pressure nozzle. Because there are no small passages in а 
rotating nozzle, the flow is maintained at much higher viscosities than in в 
pressure nozzle. The effect of variations in viscosity, density, and surface 
tension on the drop size has not been investigated, and it is probable that 
somewhat different laws apply. It is undoubtedly true, however, that high 
rotational speed, low viscosity, and a small discharge will tend to produce 
small drops and a minimum range of drop size. 


Table 3. The Drop-size Distribution of a Small Atomising Nozzle 


rop diam., и Number of drops 'op di Number of drops 
Drop diam. | Number of d Drop di Number of di 
2 390,000 35 1.730 
5 340,000 40 1:080 
10 165,000 5 650 
15 40200 50 430 
2 11,680 60 350 
25 4970 | 70 20 
30 2,160 


Norn: The fluid pressure and the gas pressure were each 15 15. рег sq. їп. The total quantity of fuid 
represented by this sise distribution is the same as that in Table 2.50 that the numbers of drops are 
directly comparable. 


As ordinarily operated, gas-ntomizing nozzles produce much smaller drops 
than pressure or rotating nozzles. Although the smaller atomizing nozzles 
tend to give a somewhat narrower range of drop sizes than the larger nozzles 
the size factor is not so important as in the case of the pressure nozzles. The 
determining factor 18 the relation between the quantities of gas and of fluid. 
When insufficient gas is used, large drops are formed which are readily visible 
since they are projected well beyond the cloud of small drops. ‘The quantities 
of liquid and of gas should always be adjusted во that no such large drops are in 
evidence. Assuming that such proper operation is maintained, the drop 
size can be controlled by varying the gas pressure, higher pressures yielding 
smaller drops. The fluid pressure has little effect on the drop size and for 
the most part only determines the quantity of fluid delivered, which is also 
а function of the gas pressure. As in the case of the other types of nozzles, 
the physical properties of the fluid affect the drop size, but the quantitative 
relations are not known. It may probably be assumed that the drop size 
increases with viscosity and decreases with surface tension and possibly with 
density. Рог purposes of comparison with Table 2 а drop-size distribution of 
a small air-atomizing nozzle is given in Table 3, 
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Table4. Common Applications for Spray Nozzles 
First number*: type most used. 
Second number: type frequently used. 
‘Third number: type sometimes used. 
Types 

1. Solid-cone wide-angle spray. 
2. Hollow-cone wide-angle spray. 
3. Narrow-angle spray. 
4. Pressure atomizing spray. 
5, Tangential spray. 
6. Flat spray. 
7, Deflector or impact spray 
. Air- or gas-atomising spray- 
9. Rotating-disk spray. 

Pressure Nozzle: 
Cooling circulating water for condenser (5, 1, 6) 
Spray type condensers 
Aerating and purifying water supplies 
Scrubbing and washing gases (1, 3, 0) 
Humidification and dehumidification (4, 8, 3) 
Spray refrigeration (5, 1) 
Gas absorption and adsorption (1 
Spray drying (4, 8) 
Chemical processes where а large free surface ја required (1, 4, 8) 
Distributing oil over the fuel bed in gas machines (1) 
Enriching gas with a liquid distillate (1, 4) 
ОЙ burners (4, 8, 9) 
Deauperheaters (4) 
Washing or coating mate 
Washing liquids (1, 4) 
Washing automobiles, rail 
Washing coal, sand, grav 
Beating down foam (1, 3, 6) 
Cooling mill rolls (1, 4, 6 
Descaling hot billets (3, 
Quenching coke and pig 
Settling dust (4, 1) 
Applying insecticides, weed killers, ete, 
plying asphalt to highways (1, 7, б) 
Fire protection (7) 
Ornamental sprays 


5, 1,6) 


і 


jals in process (4, 2, 8) 


coaches, ete. (6, 3) 
ete. (2, 6) 


on (5, 1) 


0,7,8) 


Rotating Nozzles 
Spraying viscous liquids and slurries (7, 9, 8) 
Ой burners (4, 8, 9) 
Small air moixteners (8) 
Spray drying (4, 8) 
Air washing (4, 1, 9) 
Gas-atomizing Nozzles 


Spray painting (8) 
Oil burners (4, 8, 9) 
Spray drying (4, 
іг moiatening (8, 4) 
Moistening materials with water or other fluids (8, 4) 
Spraying small quantities of insecticides, ete. (8, 4) 
Metal coating (8) 
Applying cements, refractories, ete. (8, 
* Classification kindly supplied by S. G- Ketterer. 
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SPRAY PAINTING 
By 5. L. Godshalk 


One of the common uses of spray nozzles is for the application of paint, 
varnishes, and enamels. The advantages of this type of application over 
brushing are as follows: (1) greater speed of application; (2) more uniformity 
of film thickness; (3) better control of film thickness; and (4) faster drying 
finishes may be used. The disadvantages are as follows: (1) larger invest- 
ment in equipment, such as air compressors, spray booths, etc., and 
greater loss of material due to overspray, etc. However, the disadvantages 
are minor in comparison with the increased speed of application and the choice 
of finishing materials available for spray use. For example, the introduction 
of fast-drying nitrocellulose finishes in the automotive industry has cut the 
time of finishing from days to hours, The application of spray nozzles in 
the form of spray guns played an important part in this reduction, 

Spray application can be employed in almost any industry where finishes 
are involved. Likewise, most types of finishes can be used by spray applica- 
tion with modifications in nozzles 
for varied operating conditions. 


Forms of Spray Equipment 

Spray guns are available in a va- 
riety of types. They may be ex- 
ternal or internal mixing; suction, 
gravity, or pressure feed; manually 
or automatically. controlled; low or 
high pressure. In addition spray 
guns have adjustments for size and 
pattern of spray as well as for 
amount of delivery. A typical 
spray gun is shown by Fig. 9. 


Selection of Spray and Aux- 

iliary Equipment 

Because of the wide variety of 
spray equipment available and the 
numerous types of finishes offered 
by paint manufacturers, it is im- 
portant that these factors be taken pg, 9. Typical spray gun. (Courtesy of 
into consideration when new equip- DeVilbiss Co.) 
ment is installed. Careful thought 
concerning present as well as future needs given to the selection of this 
equipment should result in a flexible paint shop. It frequently happens 
that spray installations Ввуе been made to take care of present needs, but 
with the expansion of business this equipment cannot adequately take care 
of increased production; hence the paint shop becomes the bottleneck of the 
operation. 

The following generalizations may be of some help in the selection of spray 
equipment. Improvements are constantly being made in both finishes and 
spray equipment, and the advice and suggestions of the manufacturers 
should be of considerable value. 

1, The atomizing phase of spray guns is subject to changes in design for 
most efficient results, depending upon the type of finish being used. In 
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Other words, nitrocellulose lacquers, synthetic-resin finishes, or varnish 
Products give best results when used with the recommended equipment. 

‘he spray-gun manufacturer and the supplier of finish should be consulted 
for recommendations. 

2. The choice of suction, gravity, or pressure feed depends largely upon the 
mount of paint used and the number of colors involved. Where the con- 
sumption of finishes is very small or where occasional spraying is necessary; 
he suction type, such as а cup gun, is generally satisfactory. Where larger 
quantities of finish are consumed, gravity or pressure feed is desirable, Of 
the two, pressure feed is the more reliable since the pressure is always uniform, 
Whereas in gravity feed the pressure will vary with the fullness of the container 
Unless a constant-level tank is employed. 

3. Where pressure feed is used, agitator pressure tanks in or adjacent to 
the spray booths are satisfactory, particularly where numerous colors and 
Only moderate volumes are involved. In cases where large volumes in 
relatively few colors are involved, a mixing tank in the paint room with the 
materjal piped to the spray gun is most satisfactory. One advantage of both 
Of these installations is that one man can be designated to do thinning, to 
Control the viscosity, and to have the various colors and types of finishes 
Available for the spray booth as the production schedules demand. 

4. Where large quantities of finish are used, it is sometimes desirable to 
equip guns with a locking device to control size or pattern of spray and air 
Pressure, This is important where different spray operators finish parts of an 
Assembled object or where maximum efficiency of operation from the view- 
Point: of finishes is concerned. 

5, Air compressors should, of course, be of sufficient capacity to take 

of all spray guns, line losses, air dusting if any, and air agite plus a 
reserve to take care of additional requirements for the immediate future. 
As auxiliary equipment, water and oil filters should be provided to eliminate 
contamination, 
‚ 6. The spray booth is also an important piece of equipment in spray paint- 
ing, since there is spray dust which must be eliminated to improve the орега- 
tor's safety, efficiency, and better workmanship and because the dust collects 
On adjacent buildings and grounds if allowed to escape in the айг. In add 
ion, there is a probability of economy if spray dust is reclaimed. Here again 
the initial cost must ђе weighed against local conditions and the amount of 
Paint consumed. For much industrial work the conventional spray booth 
With air exhaust is satisfactory. In certain areas exhausts of spray dust 
in the air may come under the heading of “publie nuisance" because of the 
‘pray dust settling on houses, еіс. In these cases a "water washed" spray 
booth, i.e., where the spray dust is collected in the form of а sludge by passing 
rough a curtain of water, is recommended. This type is also used where it 
is considered desirable to collect sludge for reclamation, 

In plants where dust and dirt in the atmosphere may be a problem ог 
freedom from dirt in the paint film is a factor, it is desirable to main- 
tain a positive pressure in the spray area. For this purpose filtered air is 
Supplied. 

‘The air velocity in spray booths should be at least 100 lin. ft. per min, 


Spraying Difficulties and Suggested Corrections 
The following are a few of the difficulties which may be encountered in 
Spray application and some generalizations for their elimination: 
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Difficulty Causes and Correction 
1. Excessive orange peel а. Spray viscosity too high 
b. Wrong spray gun for material being sprayed 
c. Wrong thinner being used 
4. Film thickness too low 
e. Air pressure too high or too low 
2. Excessive flow and sags a. Over thinned 
b. Wrong thinner being used 
c. Film thickness too high 
d. Wrong spray gun bei 
3. Craters or bubbles in film Drain ой and water 
functioning properly 
4. Poor atomization а. Insufficient reduction 
b. Air pressure too low 
Overspray dust (pebbly condition a, Overspray dust settling on finish due to 


eparator and see if 


оп surface) poor ventilation 
b. Improper handling of parts on conveyor chain 

6. Low gloss or haze a, Poor ventilation during drying or baking 
ù. Thinner evaporates too fast, causing moisture 


precipitation on surfaces during humid 
weather particularly with nitrocellulose 
products, Use a more slowly evaporating 
thinner 


GRANULATION 
By Lawrence Н. Bailey 


The purposes of granulating may be as follows: (1) to prepare the material 
for further processing, such as briquetting or tableting; (2) to debulk or 
densify the material for more convenient storage or shipment; (8) to prevent 
dust losses in subsequent furnace treatment or from shipping containers; 
(4) to reduce dust nuisance in the case of irritating or otherwise obnoxious 
material; (5) to prepare the material in a condition which will not form large 
cakes or lumps, especially if the material is hygroscopi 

The granular form of materials is often produced by building up the 
granules from fine powder, instead of by breaking down larger aggregates 
by means of grinders, crushers, or other machines. Often tablets or pellets 
such as are now increasingly employed as catalysts or catalyst carriers can 
be formed much more readily from granules than from powders; indeed, 
mes they cannot, be formed from the powdered form at all. 
are several general methods of producing granules from powder: 
(1) moistening with water, solvents, or binding solutions with subsequent 
screening, grinding, or rotary-drying operations, either in the damp condition 
or in the dry condition, or both; (2) briquetting of the fine powder, followed 
by grinding or screening; (3) fusing to produce the necessary adhesion, 
giving granules directly in some casos, or in other cases, producing а mass, 
sheet, or film whieh can be broken down to the granular condition; (4) 
preparing the powder in the form of a suspension in liquid, where it is some- 
times possible and desirable to reduce it in one operation to the granule stage 
by spray drying. 


Granulation with a Binding Agent 


Binding Agents. In the first of the above methods, the required adhe- 
sion is obtained from, or brought into effect by, the liquid used for granulating. 
With water-soluble materials or mixtures containing such material, the 
addition of water alone may be sufficient, as in the case of sugars, salts, 
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extracts, ete. If water will not develop the required adhesiveness, a solvent 
for the material, or one or more ingredients of the mixture, may be used. If 
попе of the ingredients develop adhesiveness 
by the addition of water or solvent, а binder 
is introduced by dissolving it in the water or 
Solvent used for wetting up the powder. In 
Some cases, a dried binder in powdered form 
is mixed with the powder being treated, and 
the mixture is then moistened to activate the 
binder. In general, the dry binder subse 
quently moistened is not so effective as a so- 
lution of the same binder, but in some cases 
this method gives the desired results and may 
effect some economies in processing. 

Tn some cases the material being granulated 
may develop too much adhesiveness. It may 
hot mix smoothly with the granulation solu- 
tion, or may become excessively sticky, рго- 
ducing unmanageable masses. In such cases 
the wetting power of the solvent may be re- 
duced by mixing it with other solvents; for 
xample, water may be mixed with aleohol 
When handling sticky water-soluble materials. 
In using alcohol-soluble materials, the alco- 
hol may be diluted with water or other sol- 
Venta to reduce its solvent, power. 

Some of the materials which have been used 
in aqueous binding solution for granulation 
Are sugars, glue, gelatine, dextrins, gums, 
Магоһ, flour, molasses, and sulfite waste liquor; and with other solventa, shel- 
lae, waxes, lacquers, ete. Among binders introduced dry and later notivated 
^re pulverized sugar, spray-dried glucose, 
mult extract, or almost any of the above- 
Mentioned water-soluble binders, As stated 
before, however, a larger percentage of the 
binder ја required than when it is introduced 
in solution. 

Granulating Stage, After the damp 
mixture ів made, it must be processed to pro- 
duce the required granular condition. The 
mixture is usually dried down to a proper 
Moisture content and then crushed or ground Screen 7 
Wa cauipment which will give the desired paja = 
sereen analysis, using for this purpose a suit- "9207 
“ble mill, grinder, or granulator, Опе usual Xx dU Quilting? Саон. 
iequirement in the finished granulation is а ator, schematie section, (Coun 
Minimum of fine dust. Also the machine teay of F. J. Stokes Machine Co.) 
must not develop enough heat to make the 
Material gum up and necessitate a stoppage of operation, А granulator con- 
sisting of a веб of bars arranged in cylindrical form and oscillating over a 
Screen of suitable mesh usually produces the desired results in the case of fairly 
foarse granules, say 20 mesh or over. Such an oscillating granulation is 
shown by Figs. 10 and 11. With smaller mesh size this type of machine is 


Fro. 10.—Oscillating gra 
lator, assembly. (Courtesy of F.. J, 
Stokes Machine Co.) 
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rather slow, and other types of grinders are more effective, such ав plate ог 
cone mills, crushing rolls, ete. 

One very effective method of handling the damp material is to granulate 
through a coarse screen, as above, and effect further reduction after drying. 
This produces а minimum of fines. 

Granulation of Fertilizers. Many fertilizer products are granulated 
to eliminate excessive caking and lumping of the material before it is used 
and to proyide the product in a convenient form, A typical large-scale 
process of granulation of fertilizers is the Davidson process described by 
Mackall and Shoeld (Chem. & Мег. Eng., 47, 102-105 (1940)]. Аз shown by 
Fig. 12, the material to be granulated is first conditioned by moistening and 
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Furnace can be coal Belt conveyor = -Ait to storage 
or oil fired fo storage — 
Fra, 12.—Apparatus for granulation of fertilizers, (Chem, © Маг, Eng., 4T, 108 (1940).] 


then fed directly to a rotary drier. By carefully controlling the moisture 
content of the conditioned material, which requires constant visual attention, 
the rotary dryer will form granules of the desired form. Hardesty and Ross 
(Chemistry & Industry, 58, 885-886 (1939)] found that the plasticity and 
fineness of particle size of a material determine the ease with which it can 
be granulated by the rotary-drying method, 


Briquetting 

The second method of granulating is to briquette the fine powder, using 
machines especially designed for this work, and then to break the briquettes 
down to the required sizes, sifting out the fines if they are undesirable and 
rebriquetting them in a subsequent operation. This method was originally 
developed in the pharmaceutical industry when working with material such 
вз aspirin or other mixtures which react when wet and which could, therefore, 
not be granulated by wet methods, It is now used in producing granular 
plastic molding powders and various other granular materials, It is also 
used for reducing dust nuisance with materials such as sodium or calcium 
hypochlorite. 

When the granular material produced is to be briquetted, it is sometimes 
important to have a considerable percentage of smaller granules and some 
fine material, as material of the properly diversified screen sizes will make а 
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Stronger briquette than one made from more uniform granules. In briquett- 
ini it may be necessary to add a lubricant so that the compressed material 
Will not stick to the punch faces or to the die but rather will be assisted in 
ejection from the die. Commonly used lubricants are oils and oil mixtures, 
Powdered waxy materials, powdered soap, talcum powder, metallic siearates, 
And boric acid. In general, only a very small percentage of the lubricant ia 
Tequired, especially if it is an extremely fine powder. In nearly all eases, the 
lubricant is added to the otherwise finished granulation. 


Granulation by Fusion 

"The third, or fusion, method of granulation, is used in a few highly spe- 
Clalized industries. Mixtures containing pitch or wax binders can be agglom- 
"rated by means of heating and then can be reduced to granules after cooling. 
A familiar example is found in the manufacture of plustic molding powders. 

mixture of the resin with wood flour or other filler is passed through friction 
tolls to develop adhesiveness and produce a sheet material which, after 
cooling, is reduced to the familiar granular form. 

The fusion method is used for producing granular effervescent salts. When 
В mixture of bicarbonate and citric acid is heated, the citric acid melts in its 
Srystal water and causes adherence of the particles. Rapid cooling arrests 
Teaction or effervescence. The resulting material is then put through a 
Screen and dried to remove the remainder of the water of crystallization, pro- 
ducing a stable material which will effervesce readily and smoothly when 
Placed in water. Several other materials containing fusible crystal salts can 
be handled in a similar manner. 

Waxes and fusible organie or inorganic material of various kinds can be 
granulated, flaked, or chipped by chilling the melted material in the form of a 
film on the surface of a cooled revolving drum and removing by means of a 

nife.. The character of the flake or chip can be varied by changing the 
temperature of the liquid material or of the cooling drum or by the method of 
sharpening the knife. In some cases the material can be taken off in sheet 
ост and then reduced to flake form. А few of the materials handled by 
these methods are as follows: naphthalene, beta naphthol, caustic soda, 
botash, cyunides, carnauba wax, sulfonated detergents, lend acetate, and 
trisodium phosphate, Further description of flaking operations is given on 
his page. 


Granulation by Spray Drying 
"The fourth, or spray-drying method, is used to a certain extent in the 
‘amie industry where the raw materials are wet-ground as an aqueous 
Suspension. It has the advantage of permitting complete dewatering and 
granulation in one operation but is probably applicable only to industries 
Where grinding or mixing аз an aqueous suspension is desirable. 


FLAKING 
By D. J. Van Мапе 


Flaking, as described in this section, is the continuous process of converting 
Certain molten materials into flake form by applying the material in a thin 
layer to a revolving drum, on which the material cools, solidifies, and is 
removed in Наке form by a stationary knife. This method conserves time 
and working space and eliminates the necessity of crushing the finished 
Product before shipment or use. Being a continuous process, it economically 
Téplaces solidification in bulk and offers increased production at lower cost. 
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Drum Flakers. Usually the flaking operation is performed on the 
surface of a revolving drum, similar to that shown by Fig. 13, that is cooled 
by water, brine, or direct expansion of в refrigerant. A flaker or cooling 
drum is very simple in construction, consisting of a drum with hollow trun- 
nions, mounted in bearings. The drum dips in а shallow, heated pan filled 
with the liquid. А knife or doctor held 
firmly against the drum removes the 
product from the surface in solid form. 
In most cases the layer of solid material 
at this point is sufficiently brittle to 
break into flakes or grains. Since the 
reduction to flake size is obtained by 
the chipping action of the knife, size 
of the flakes is not very regular, vary- 
ing with the properties of the product 
und the method of operation. 

For products which do not adhere 
readily to а cold drum or which drop LI = A 
off too quickly, a double-drum flaker Feedpan- Knife arrangement 
is preferred to а single-drum machine. yo. 13 Typi у 
И И ELE CA T O 
14, consists of two drums placed close together and revolved in opposite di- 
rections. The liquid is fed between the drums, being prevented from flowing 
out at the end of the drums by dam plates or endboards held against tho heads. 
With the drums turning toward each other at the center, a layer is formed on 
the drum surfaces, the thickness of which is determined by the clearance be- 
tween tho drums. This thickness is limited by the maximum clearance 
beyond which the liquid begins to run through. ' "There is danger of incrusta- 
tion of the endboards or of solidification of the liquid in the valley between 
the drums; If the drums revolve 
away from each other at the center 
а heavier layer can be formed. 

Drums are usually made of cast 
iron. Bronze, nickel, stainless steel 
or ehromium plate are also used. 
‘The drums are provided with an in- 
ternal baffle which leaves an annular 
space at the periphery of the drum 
through which the cooling medium 
flows, entering through one trunnion | 
and leaving through the other. The ‘Conveyor Conveyor- 
ап can be made of any suitable бију 
metal and сап be steam jacketed or Fi 
provided with a heating coil for products whose melting points are nof, too 
high. Otherwise it is heated directly, generally. by gas, to prevent, any solidi- 
fication of the product in the pan. Sometimes the pan js made adjustable of 
able {о be dumped quickly to prevent freezing of the liquid in case of shut- 
downs. Ап overflow pipe also can be provided to permit circulation of 
the liquid through the pan and to maintain я constant level of the liquid. 

When used on organic materials, drum flakers often require в dust an 
fume-tight ventilated enclosure, which limits accessibility and observation 0 
liquid level in the-pans unless a sight gage is installed. 


Water-cooled 
drum. 


Double-drura finker, 
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„Revolving tables and traveling metallic belts also have been used for flaking, 
la er is sprayed against ihe bottom to carry off the heat, These designs 
Sud themselves better to positive control of the flake thickness and to the 
Produetion of very thick flakes. 

Н Applications of Drum Flakers, Operation and construction of the 

Aking machine are so simple that it can be applied to practically all chemical 
Products which have a definite but not too low a melting point, both inorganic 
and organic, including salts which melt and dissolve completely in their 
Water of crystallization. Such products inciade caustic soda with a melting 
Point of 318°C., caustic potash, sulfur, 70 to 75 per cent calcium chloride, 
Pasnesium chloride, 60 per cent sodium sulfide, sodium acetate (U.S. 

‘tent 1,911,479), trisodium phosphate, sulfur, beta naphthol (U.S. Patent: 

594,390), benzidine (U.S. Patent, 1,591,688), naphthylamines, phthalic 
Suhydride, and paradichlorbenzene with а melting point of only 53°C. Flaked 
ic, is made by the same operation on в specially designed flaking machine, 

“scribed on p. 2622. Calcium chloride flakes are liable to cake to such an 
(Xtent that it has been found desirable to subject them to surface dehydration 

J.S. Patent 1,527,121), The flaking operation can also be applied to 
Products of more indefinite composition such as asphalt, pitch, paraffin, 
iious waxes, and stearic acid. Although not strictly a flaking operation, 

he cooling of lard оп a drum surface cooled by artificial refrigeration may be 
Included (Chem, & Met. Eng., 31, 699 (1924)). 

Operating Factors. Depending on the individual properties of the 
шегі and conditions under which the faking operation is carried out, 
the cooled product will be in the form of flakes, generally of irregular shape, 
Or more or less granular. Some products adhere more strongly to the drum 
Aurtace than others and require considerable knife tension for their removal. 
The degree of adherence also varies with the metal of which the drum i 
made, ag well as with the polished condition of the drum surface, affecting 
thereby the size of the flakes to some extent as well us the capacity. For 
je Product this was increased from 45 to 55 Ib. per hr. per sq. ft. by changing 
Tom a cast-iron to в bronze drum. Wetting of the drum surface may assist 
i removing the solid product as has been proposed for niter cake (U.S, 
Patent 1,312,430). 

Flakes become thicker if depth of the liquid is increased, or if drum speed, 
Cooling water temperature or liquid temperature are reduced. Best results 
are obtained when the temperature of the liquid in the pan is close to the 
solidifying point in order to make the material solidify quickly when it comes 
"t contact with the drum. 

Drum Cooling. Generally, it is not necessary to maintain a uniform 
temperature of the cooling water because a large enough temperature differ- 
face exists at the point where the flakes are removed from the drum surface. 

he water, in most cases, flows parallel to the axis of the drum, while the 
temperature of the material varies along the circumference. Therefore 
only a small temperature increase of the water can be allowed and a liberal 

low of water must be maintained, Occasionally the water temperature 
Must be more closely controlled, better results being obtained with water 
Which is not too cold. In that ease the water can be circulated through an 
Overflow tank and only enough cold water admitted to maintain the desired 
temperature. Such a procedure is recommended if the material, when cooled 
100 much, adheres too strongly to the drum surface, causing excessive knife 
Wear. If cold water of uniform temperature is required, or water economy 
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becomes important, the necessary flow may be provided by recirculation of 
the water through a tubular or vacuum cooling system. Low temperature 
is required only for products of very low melting point. ` Ordinary seasonal 
fluctuation in cooling water temperature, in most cases, is not objectionable. 
Such fluctuation docs have its effect on capacity, sometimes causing 8 
difference of about 20 per cent between summer and winter production. If 
necessary, drum speed can be adjusted to compensate for the variation in 
water temperature. Insufficient flow of water, leaving the drum at too high 
a temperature, affects the size of the flakes. | In case of a hydrated inorgania 
salt, with a melting point of 77°C., flakes were much larger when the cooling 
water left the drum at 20°C. than when it left at 40°C, Flakes were slightly 
thinner at higher water temperature. 

Increased level of the liquid increases the length of travel of the drum 
through the liquid, thereby giving an opportunity for а larger amount of the 
liquid to adhere to the drum, inereasing the flake thickness and capacit; 

Drum Capacity and Flake Thickness. Unit capacity of flakers varies 
a great deal. In view of the moderate values of latent heat of.fusion com- 
pared to latent heat of evaporation and of specific heat in the solid state, 
the amount of heat to be transferred through the drum surface is not very 
great. Consequently, capacity is high, varying from as low as 10 Ib. per hr. 
per ва. ft. of drum surface to as high as 100 lb. Drum speed has a greater 
effect on flake thickness than on capacity for the simple reason that greater 
speed reduces the time of contact between a point on the drum surface and 
liquid. This results in a decrease in the amount of product adhering to the 
surface at any point, making a thinner flake. At the same time hourly 
capacity increases. Speed of the drum therefore may be regulated to pro- 
duce a flake of desired thickness or to obtain maximum capacity. Depending 
on the product, drum speed varies from 1 to 20 r.p.m. With one product а 
capacity of 10 Ib. per hr. per sq. ft. was obtained at. 0,2 r.p.m. producing 
flakes 16 in. thick. At 1 r-p.m. the thickness was reduced to about 444 ins 
but capacity was increased to 14 Ib. per hr. per sq. ft, Another product 
at 1 r.p.m. formed a thick sheet at a capacity of 7.5 Ib. per hr. per sq. ft- 
and at 4 r.p.m. flakes were produced while capacity was increased to 12.5 Ib. 
per sq. ft. 

‘The following table illustra 
nic chemical. 


s the influence of these factors in flaking an 


Water Water (s 2 Flake 
ош, How, | ЭРИ, | (рушена, 
| $ вай. per min, | Ib: por hr. 
IE. 2 | зе | oos 
70 41 | 550 014. 
5 а | om 03 
52 96 440 017 
69 93 341 .015. 
90 82 342 Rough 


| 


‘Temperature of the flakes often is fairly high, 40° to 8090. It varies with 
the drum speed, increasing in one case from 55°С. at 7 r.p.m. to 7090. at 
9 r.p.m. 

Heat-transfer Rates. In regard to heat transfer, it is practically impossi- 
ble to establish a definite heat-transfer coefficient on account of the irregular 
variation of temperature around the circumference of the drums and the 
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jj Tase of temperature of the cooling water parallel to the drum axis. Even 
М an average water temperature is taken, no average temperature difference 
{ап be calculated. Three definite stages occur in the conversion of the liquid 
то the solid state, First the liquid is cooled to the solidification point 
Tn the next stage solidification takes place at constant temperature with 
Absorption of the latent heat of fusion by the cooling water. Finally the 
folid product is cooled. Under actual conditions these stages possibly over- 
ар, the layer next to the drum surface heing a stage ahead of the outside 
Ayer. Heat transfer, for this reason, can be expressed best in B.t.u. p 
Per square foot of drum Surface. It is easily determined by measuring 
‘ow and the temperature increase of the water. On this basis heat transfer 
Was found to be about 2500 B.t.u. per br. per sq. ft. for a wax with a melting 
Point of 80°C., fed at 90*C., and cooled to 45°C. For a hydrated salt melting 
At 77°С., fed at 95°С., and cooled to 55°C., heat transfer was 5400 B. 
Der hr. per sq. ft., and for an organic chemical with a melting point of 130° 
Ted at 170°C., cooled to 65°C., heat transfer was about 6500 B.tu. per hr, 
ber ва, ft. Heat transfer rates of 30,000 to 40,000 B.t.u. per hr. per sq. ft. 
may be obtained with products of high melting point such as caustic soda. 

Costs, Owing to the high capacity of drum flakers, flaking cost per 
Pound of product is low, consisting of a small amount of heat to keep the 
Product in the pan in а liquid condition; power to revolve the drum amounting 
to 0.1 to 0.15 h.p. per sq. ft. drum surface; power to pump the liquid to the 
Dan if necessary and to pump the water to carry off the heat liberated. Opera- 
tion is practically automatic as far as the flaker itself is eoncerned. Laboris 
required only to package the flakes. Cost of the equipment is very reasonable 
in view of the high production obtained. In cast-iron construction this cost 
Varies from $40 to $50 per sq. ft. drum surface in accordance with the size 
Of the machine, 

Auxiliary Equipment. Flaking apparatus is practically self-contained, 
pment is of standard design. If gravity flow of the liquid to 
the feed pan is not possible, a pump must be provided for the transfer of the 
liquid. Submerged centrifugal pumps give satisfactory service for the pur- 
bose, In case a constant level is maintained in the feed pan by means of an 
Overflow pipe, a circulating pump is provided. Preferably the flaker is 
Placed at a higher level than the liquid storage tank, liquid being pumped 
into the feed pan and the overflow returned to the storage tank by gravity. 

On the discharge side of the flaker, automatic-packing and weighing 
Machinery ean be employed to advantage. A breaker attachment can bo 
made part of the flaker if it is necessary to reduce the size of the flakes as 
they are removed from the drum surface. Where artificial refrigeration ia 
heeded, standard refrigerating practice сап be applied. 

Many flakers are fitted with serew conveyors for transporting flakes to the 
delivery point. ‘These conveyors may help to break up overly large flakes, 
Such us З by 4 in., if they occur, but also may cause undesirable fine 


PRODUCTION AND APPLICATION OF METAL POWDERS 
By A. P. Colburn 

Rurynencus: Jones, " Principles of Powder Metallurgy,” Longmans, New York, 1037. 
Allen, Steel, 104, 43-54 (1 Comstock, Tron Аре, 143, 40-41 (1939); Metal Progres 
ЗБ, 343, 347, 465-467, 576-581 (1029). Belmonte,’ Modern Plastics, 16, 49-50 (1930 
Hardy, Eng; Mining J., 140, 85-80 (1939): Metal Progreso, 36, 171-172 (1939); 34 
97-58 (1039), Schlecht und Trageser, Chem. Fabrik, 12, 243-544 (1039), Also editori 
report in Metal Progress, 88, 263-265 (1938). 

A development of increasing importance is the production of metal powders 
for utilization in the manufacture of metal articles, The particles are 
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bonded together by means of high pressure and of heat and are thus molded 
to shape. Often machining can be eliminated with savings on labor and 
serap. Owing to the great pressures required, as high as 40 tons per sq. in., 
application is limited to rather small objects. 

While the development of alloys in powder form offers an interesting future, 
the chief commercial metallic powders available are the pure metals, including 
copper, nickel, cobalt, chromium, aluminum, magnesium, silicon, lead, zinc, 
iron, tungsten, molybdenum, tantalum, silyer, gold, platinum, and iridium. 
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Methods of Production 


There are 12 principal methods by which metallic powders may be obtained 
as follows: 

1. Machining. Filings give the finest particles. Lathe turnings (espe- 
cially iron) give a product suitable for use ва в chemical reagent or ав a material 
for mixing into hard-finish concrete. Except for making expensive dental 
alloys, this method of manufacture is too expensive unless the powders are 
obtained as a by-product, 

2. Crushing and Grinding—Ball, Stamp, or Attrition Mills, The 
metal is usually, though not always, shotted before the milling operation. 
Brittle metals or alloys can be ground easily; the harder metals or alloys 
(unless cooled) generate so much heat that they become malleable, Some- 
times scrap cast iron is crushed and ground for use as a chemical reducing 
agent (with acid). The more malleable metals, when. ground, form. flukes, 
and by such an operation the various powders used for pigments are produced. 
In the grinding of the more malleable metals, the cooling, to prevent welding 
into lumps; is usually done with a lubricant such as stearic acid carried in a 
able solvent. "The technique of manufacture їн very similar to the fine 
grinding of an ore prior to concentration operations—A continuous flow of 
the liquid carries out the finest particles, which are then separated into 
classifiers and the coarser portions returned to the mill. The sludges с 
taining the more finely divided material are then dried by evaporation wh 
leaves every metallic particle covered with the lubricant, The metal particles 
are then polished in a drum containing internal brushes. The resulting 
products are aged for varying periods, weeks or months, during which time 
they undergo some surface change by which they scquire the property of 
floating on the surface of a paint vehicle and thus dry into a skin of over- 
lapping flakes. Aluminum fluke is used in curing rubber and in fireworks 
in addition to Из use in paint, Copper flakes are used for commutator and 
collector rings. 

3. Shotting Molten Metal in Water or Air. The operation of shotting 
is carried out by pouring liquid metal through a screen and permitting the 
drops to become spheroidal through surface-tension properties during the 
free fall into a quenching tank. Shotted lead, for use in firearms, is made 
in this way; aluminum shot. for use in deoxidizing steel, is also made in this 
way, “Feathered” and “sherardising" zinc is made by dropping liquid 
zinc into water. 

4. Graining or Granulation by Stirring Molten Metal While Solidi- 
dying. If a molten metal is stirred vigorously during the process of solidifi 
tion, finely divided particles of the metal with a surface coating of (he oxide 
of the metal involved are formed. The resulting particles are rather coarse 
in візе but are, for some metals, sufficiently finely divided; examples of such 
use are aluminum for use in the Thermit process and granulated brass for 
use in brazing. 
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qi Somia or Disintegrating with Steam, Compressed Air, or 
aer Fluids. In the atomization process a trickle of metal is dropped into 

ast of steam or air; an inert gas could be used, but it would greatly increase 
ана of spontaneous combustion because particles coated with a surface 
та Ве Metallic oxide (containing about 0.2 per cent oxide by weight) are 
naponably safe. The particles produced by the atomization process aro 
Dot spherical but are rather of a ragged teardrop shape. The particle size 
fy metallic powders obtained by atomization is controlled to a great extent 

У blowing the steam or air under the surface of the molten metal. Atomized 
žine particles are used as a chemical reducing agent and for sherardizing; 
Atomized aluminum particles are used in fireworks and in calorizing; and 
Aluminum plus copper particles are used in certain types of heating pads for 

lerapeutic medicinal purposes. 

; 6. Condensation of Metal Vapor. А pertinent example of the con- 
Tensation method of producing finely divided metal powders is in the opera- 
tion wheroby “blue powder” zinc is condensed to a frost rather than a liquid. 

his operation of condensation gives a more finely divided particle size but it 
Contains more oxide, particularly if it is secured as the cheap by-product of a 
distillation process. 

7. Dissociation of Metallic Carbonyls. The metallic powders obtained 
through the dissociation of metallic carbonyls are spherical and built up in 
Ayers, much as is an onion, and are said to range from about 1 to 10u in 
Size. Iron and nickel obtained from carbonyl powders are said to be com- 
mercially available. 

The general method of producing metallic carbonyls for subsequent dis- 
Bociation into metallic powders is to obtain roasted oxides (usually in the 
form of roasted ore), which are reduced with hydrogen and then treated in а 
Süperatmospheric pressure vessel with carbon monoxide at a slightly elevated 
temperature. The carbonyl of the metal, e.g., iron carbonyl, Fe(CO)s, ів 
evolved as a gas, When the temperature and pressure are decreased, fre- 
Quently by dilution of the gas with nitrogen, the metallic carbonyl decom- 
Poses, and the metal is precipitated in the form of а shower of. finely divided 
Particles. Such particles аге very pure except for their content of carbon. 
and oxygen, 

‚8. Reduction of Oxide Powders. Typical products made by the reduc- 

tion of oxide powders are such refractory metals as tungsten and tantalum. 
Chemically purified oxides are heated and reduced to а metallic sponge, 
Usually with hydrogen as the reducing agent. 

9. Chemical Precipitation. In addition to the manufacture of metallic 
Copper particles (and zinc sulfate as a by-product) bythe treatment of copper 
Sulfate with metallic zinc, mention should be made of the production of 

cement” copper by precipitating copper from mine water or dilute leaching 
Solutions by passing it over iron scraps. The material produced by, this 
last-named process usually requires further purification, although. such a 
material as finely divided tin made by precipitation on ліпе from chloride 
Solution is frequently useful as it is. 

10, Electrolytic Deposition. ‘The process of electrodeposition is utilized 
to manufacture many metallic powders. The conditions of operating the 
electrolytic cell are varied to produce а coherent plate which is composed of a 
Spongy deposit. Inereasing the current density or the temperature or by 
Operating with а highly acid solution is said to be effective in producing the 
types of electrochemically deposited metallic powders: The products obtained 
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are light and flufy crystals. They аге usually washed carefully and then 
dried in a more or less inert gas. 

An example of this process is the production of tantalum (and columbium) 
powder by the electrolysis of fluorides. This powder is coarser than that 
obtained from the reduced oxide and contains up to 100 volumes of hydrogen 
which must be eliminated. 

11. The Hydride Process. Metals of the fourth group of the Periodio. 
Table react with, or absorb, hydrogen. Metallic calcium and calcium 
powders are produced by this process, and other hydrides, such as titanium 
and zirconium, are produced by reaction of calcium hydride with the oxides 
of other metals, 
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12. Distillation, The removal of a volatile constituent from an amalgam 


or alloy by distillation or dissolution leayes the more refractory metal behind 
as а very finely divided sponge that is highly reactive. This is useful for 
pyrophoric materials or for catalysts. 


Applications of Metal Powders 

А variety of products is possible from metallic powders, dependent upon 
the processing to which the powder is subjected and on the particular com- 
bination of powders used. Thus there are two general types of partic 
bonding: (1) particle to particle adhesion may be developed (without melting) 
аз in tungsten filaments, and (2) the bonding may be effected by the cement- 
ing action of a constituent which is molten at some stage of the consolida! 
operations, such as in the cemented hard carbides. There are three general 
types of combinations: (1) of similar metallic particles, such as tho usual 
forms of tungsten, molybdenum, and tantalum; (2) of mixtures of different 
metallic substances, such as the welding electrodes of tungsten and copper; 
and (8) of combinations of metallic and non-metallic particles, such ns silver- 
graphite contact material. 

The following gives a classification of applications of metallic powders at 
present: 

1. Preparation of Refractory Metals. Examples of such refractory 
metals that are produced from powders because they are unprocurable other- 
wise are tungsten, tantalum, columbium, and molybdenum. 

2. Manufacture of a Metallurgical ''Conerete," A metallurgical 
“concrete” is defined a an aggregate which retains the characteristics of its 
components. This class of products includes the following major examples: 

а. Cutting or Abrasive Materials. Hard carbides of metals, borides of 
metals, diamonds cemented with some ductile metal such as cobalt. 

b. Electrical contactors of silver (for conductivity) and graphite (for 
lubrication). 

3. Manufacture for Unique Structural Effects. 

а. Porous bearings and oil-pump gears. 

b. Continuous sponge of high conductivity copper strengthened by hard, 
unyielding tungsten for spot-welder electrodes. 

с. Contact points with flaky copper arranged in parallel layers to conduct 
current. 

d. Disks having magnetic and non-magnetic components. 

в. Compound mixtures, which by controlled heating limit the amount of 
alloying at contact points and thus make articles of two or more metala which 
transcend the microstructural limitations of melting and casting. This is 
particularly important in magnetic alloys such as iron-cobalt-nickel. 
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J. Addition of a somewhat porous surface to a piece of rolled metal. Exam- 
Ples of such use are as follows: 
(1) Clutch disks of steel with a thin layer of copper on the surface: 
(2) Sprayed coatings from а “flame gun” using metal powders instead 
of fusible wires. 
lng; Extruded metal products, Bimetallic materials, pressed to give a 
‘“minated metal with a metallic bond, are not limited to low temperature, 
äs are soldered products. 

4. Use in Powder Form. 

а. Shotted aluminum for deoxidizing steel. 

b. Aluminum powders and ammonium nitrate have detonating properties, 
Also aluminum and magnesium powders with oxidizing agents, such as 
Perchlorates, in pyrotechnics. 

¢. "Gold bronze powders," which are flaked alpha-brass, used in graphio 
and decorative arts. 

d. Many uses such as catalysts, dental metals, ceramic decoratives. 

5. Manufacturing Savings. Because of the elimination of waste and the 
feduction in labor requirements, growth is expected іп this field. Of particu- 
аг promise are products involving highly pure metals. Also, the manu- 
facture of coins from metal powders rather than from metal strips may be 
cheaper, especially if the costs of handling metal strip scraps are included in 
the comparative economies of the two sources of metal. 
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GENERAL CONSIDERATIONS 


All chemical engineering operations involve the measurement and. control 
Of one or more process variables, the number depending on the type and 
Complexity of the operation. Sometimes the judginent of the operator, or a 
Simple mechanical device not ordinarily considered a controller, will suffice 
for proper regulation of the variable, as, for example, in determining the rate 
at which material can be permitted to enter a grinding mill. With the major- 
ity of process variables, however, efficient operation cannot be predicated 
Oh unaided human judgment, either because of its inaccuracy or because 
Such control is too costly, and it is necessary to invoke the assistance of instru- 
ments or apparatus capable of measuring certain physical or chemical prop- 
erties ог effects of the variable. 

Tn its simplest form such an instrument is а mechanism which measures 
the property chosen and indicates the measurement in terms of the instan- 
taneous values of the variable. In this form the instrument serves ns в 
Tüinute-to-minute guide for manual control. In many cases, as a check on 
Operation, it is also desirable to include automatic recording so as to keep а 
record of the successive values of the variable: or, if flow of a fluid, a solid, or 
electricity is involved, it may be valuable to integrate, i.e., totalise, this flow, 
either with or without a record of instantaneous values. Finally the instru- 
tent may be designed not only to measure the variable but to use this meas- 
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urement automatically in effecting adjustments which will maintain the 
variable substantially constant, or change it in accordance with some pre- 
arranged schedule. ‘Thus the instruments and apparatus used in controlling 
process variables are found to fall into three broad classes: (1) indicators, (2) 
recorders, and (3) controllers. Various combinations of these functions aro 
also possible, as, for example, an instrument which indicates and recorda, indi- 
cates and controls, or indicates, records, and controls. 

Process Variables, А process variable is any condition or state of the 
process material, or its environment, which is subject to change. То produce 
a desired final result, it will ordinarily be necessary to control most of the 
variables associated with any process, within more ог less closely held limits. 
Not every variable will require separate control, however, since the adjust- 
ment of some other condition may hold it within the desired limits, In a 
boiler producing dry, saturated steam, for example, control of the pressure 
will automatically yield steam of a definite temperature, but to maintain the 
pressure the rate of heat addition must be equal to ita rate of withdrawal. 
This will involve, in addition to pressure regulation, control of the supplies 
of fuel, air, and water. 

In other cases it is possible to choose which of several related manifestations 
of a process variable shall be used as a basis of measurement ог control. In 
regulating fluid flow, for example, the control property may be volume or 
weight per unit of time, velocity, pressure drop through an orifice, head above 
a weir, or temperature rise for а given heat addition. In diluting an ele 
trolyte, control may be based on density, electrical conductivity, hydrogen- 
ion concentration, or the weight, volume, ог rate of flow of the separate 
components. ‘Thus it is evident that every process must be analyzed to 
determine what the variables are and whether or not each variable will require 
separate control. When this has been accomplished, the engineer will often 
find that he has considerable latitude in his choice of the control property. 

Choice of Control Equipment. It should first he understood that the 
term “ control equipment” refers not only to automatic controllers but also to 
indicators and recorders. Once the engineer understands clearly which 
variables in his process must be controlled, and within what limits, he is in а 
position to determine the method and the instruments that must be used. 
Will manual control suffice, or should the regulation be automatic? Is a 
record necessary, and is а total of the variable desirable? Categorical answers 
to these questions are impossible, but the engineer must answer them before 
ће can make а choice. If only occasional regulation by hand will be necessary, 
manual control is often sufficient. If the variable is an important one, its 
recording will ordinarily be worth while, whether the control be manua 
automatic. If the variable may fluctuate widely or rapidly, and particu 
if its fluctuation has an important bearing on the success of the process, an 
automatic controller is usually called for, since only an automatic controller 
can be continuously attentive, Automatic control will generally be more 
accurate than manual, with resultant improvement in the product. Although 
cannot eliminate human supervision, it may reduce labor and hence operat- 
ing cost to a marked extent. Its worth, then, in comparison with manual 
control, must be determined оп a purely economic basis. 

Once the general type of control has been settled, the specific method must 
be chosen. Here the determining factors are likely to bo its suitability ve, 
its cost. For most variables the available instruments cover a fairly broad 
range of cost, accuracy, and reliability. Неге, again, economics must govern, 
taking into consideration, of course, the effect of possible contingencies and 
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hazards that may arise following the choice of a less reliable instrument. 
But, in addition to the choice of the best instrument that is economically suit- 
Ае, independent means should be provided as far as possible for handling 
Contingencies resulting from instrument failure. Valves which will assume 
а safe position on air or power failure should be selected. А manually oper- 
Sted by-pass valve or a jackscrew should be provided for each important 
Control valve. А dial or an industrial thermometer should be provided as a 
check on each important recording thermometer not readily removed or 
Otherwise checked. Wherever instrument failure would be particularly 
hazardous, duplicate instruments should always be installed. 

Fundamentals of Automatic Control. Automatic control is intended 
to relieve the operator of the necessity of determining frequently the value of 
4 given process variable and making the changes in the system required to 
maintain the variable constant. It is not, however, intended or expected to 
Telieve him of responsibility for correct operation. In its simplest form, an 
Automatic controller consists of a sensitive or detecting device which measures 
Ще state of the variable continuously or at frequent intervals and which 
Sooperates with some other device, such as a valve, to bring about changes 
When the variable departs from а predetermined value called the control 
Point, Та an ideal controller the detection and correction of changes would 
he но rapid that the variable would remain substantially constant, regardless 
ОЁ conditions. Such control, however, is rarely attained nor is it often neces- 
sary: In practical operation, maintenance of the variable within a certain 
Tange of values is generally all that is required. - The narrower the range, of 
Course, the more difficult it is to produce a satisfactory controller and the 
more complicated and expensive the controller becomes. 

In any process the: a definite demand of matter or energy which is 
constantly met by а definite supply. - When the demand and supply are such 
that equilibrium exists, the process is at. the control point, A disturbance 
may occur such that either the demand or supply condition changes to anew 
Value, во that the process tends to vary from the control point. | Апу such 
Proves disturbance is termed either в supply disturbance or а demand 
disturbance depending upon its location, 

Process Lags. After a supply or demand disturbance occurs in a. process, 
the detecting element must he able to determine the extent and direction of the 
Variation from the control point before corrective action can ђе made by the 
Test of the control system. Certain characteristics of the process and con- 
trol system will cause both a delay and retardation of a true indication of 
the extent and direction of the disturbance: "These delays and retardations 
of netions and occurrences of both the control system and controlled process 
Are termed process lags, sometimes called time lags, although the element 
Of time is not involved in all process lags. Process lags are divided into three 
distinct classifications, ùe., velocity-distance lag, capacity lag, and trans 
tor lag, 

Velocity-distance lag or finite-time lag is а definite time delay between 
the time a supply or demand disturbance occurs and an effect is experienced by 
the control system. For example, two streams of water at different tempera- 
tures meet at a common. point and are allowed to flow a certain distance 
before the temperature is measured. А definite time will be required for the 
Water to flow from the point at which it isintroduced to the point at which the 
temperature is measured; this then would be the velocity-distance lag. If 
an automatic control was operated by the temperature-measuring device, 
ле might elapse between, the time when. the temperature-sensitive 


some 
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element “felt” the change and corrective action was started by the controller, 
which would also be part of the velocity-distance lam. However, in general, 
commercial instruments are so constructed that the time Ing can be considered 


negligible. Curve a, Fig. 1, shows the 
effect of velocity-distance lag upon the 
condition of the process after в sudden 
process disturbance occurs. Velocity- 
distance lag is the only process lag 
measurable in units of time. 

Capacity lag is а retardation of the 
magnitude of a given process variable 
when a related variable affecting the proc- 
ess is changed due to the capacity or 
inventory of matter or energy contained 
within the process itself. In practically 
all processes а: definite inventory exists 
which slows down the effect of either a 
sudden supply or demand disturbance. 
‘Thus, if two streams of water were mixed 
together ima tank of appreciable capacity 
and the temperature of one stream was 
changed, the temperature of the water 
overflowing from the tank would slowly 
approach the new temperature that 
would exist, after the sudden process dis- 
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turbance, if no tank were present. This 
is illustrated by curve b, Fig. 1. The 
rate of temperature change depends 
upon the capacity of the tank, varying 
inversely with it. 

Mason (Trans. Am. Soc. Mech. Eng., 
May, 1938) has developed equations for 
determining the temperature change ехе 
perienced, due to a process disturbance, 
by the use of liquid-level analogies 
representing thermal energy with the 
cross-sectional area of a cylindrical tank; 
the temperature with, liquid head; and 
heat flow with liquid flow. The temper- 
ature-time relation is given by his expression 
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Та = Ty + (Та — Трн Go 
where A, = heat capacity of the process, defined as the number of B.t,u. 
necessary to raise the temperature 1°F., ог the mass times the 
specific heat. 
temperature existing in capacity Ae, F. 
potential temperature, °F.,or the limiting temperature approached 
after a sudden unchanging process disturbance. 
Resistance factor equal to the ratio of any value of Та to the 
corresponding value of Фа which is the heat flow leaving Aa, 
, Вел. per minute. 
base of natural logarithms. 
time, min., after a sudden process disturbance. 
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The subscript (0) in the expression (Te — 7;)s, denotes that T, is the initial 
value when { = 0. This expression is a straight line if time is plotted on 
а uniform scale and Te — T, is represented on a logarithmic scale. 

The actual time for any temperature change to occur is given by the 
equation 


t Aura 2.3020 1 | 


Ta — Tp 


in which the symbols are the same as before. AaRa is considered a time 
constant which determines the time required Гог а change in temperature to 
Teach any given per cent of its final value and is equal to the time required 
for a change to reach approximately 63 per cent of its final value. 

Transter lag is а retardation of the magnitude of the change of а given 
Process variable when a related variable affecting the process is changed due 
to the resistance retarding the flow of energy or matter between two or more 
Separated capacities of the process. Transfer lag is a characteristic of all 
Processes involving a transfer of matter or energy where a driving foree or 
Potential head is required to overcome а resistance or series of resistances 
in such processes as heat transfer, absorption, ete, For example, іп a heat 
exchanger two separate capacities exist, the fluid being heated and the 
heating medium fluid, which means that, owing to the resistance to heat 

low from one fluid to the other, there will be an additional temperature-lag 
effect. -This is illustrated by curve с, Fig. 1. 

The equation for evaluating the temperature at any time is given by 

ason (Tran. Am. Soc. Mech. Eng., May, 1988) as 


T, — T, = ie Ки Cae Ket 


in which T, and T, are as defined previously. Ke and Ks are found by the 
expression 


Ka = — 


Where As = (Аба Аб). 
Ay = (Аоба + Аба + Aalto), 
Ag and Ra are as defined previously. < 
Ay = heat capacity of second capacity, 
R = ratio of the temperature between A, and Ag to the coincident 
flow of heat between A; and Аш, °F, рег B.t.u. per min. Thus 
Fs = (Ty — Та) /Q in which T» is the temperature of capacity 
Ay and Qs is the flow of heat from Ay into Аа, B.t.u. per min. 
С and Ca are found by the expressions 


Tow — Кь(Та — Tz) 
« — Къ 

Cs = (Ts — Т)г — Ca 
Tao! is the first time derivative of Та when t 


Co = 


Oland is found by 


(29 9 — 9. 
Те = E 


Qo being the basic heat supply entering Aa in B.t.u. per minute. 
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Process lags cause controllers to hunt and to assume a new control point, 
as in the discussion of controller types (p. 2019) and must be evaluated in the 
event that large lags exist if a proper controller is to be chosen. 

There are two general types of controller, ‘The simpler form. includes 
those controllers, variously called two-position, on-and-off, and open- 
and-shut, in which there are only two degrees of regulation. When tho 
variable is above the control point, the controller operates to its limit in 
the direction tending to decrease the variable; and below the control point, 
the controller operates to its limit in the reverse direction, tending to increase 
the variable. A graph of a variable so controlled is a sinuous line, the average 
of which equals the control point. Curve a, Fig. 2, is such a graph, For 
many purposes this type of control is very 
satisfactory, since under suitable conditions 
the cycle amplitude can be made exceedingly 
small. 

‘The second class of controller is known as 
the proportional throttling type. While it 
will meet the demand without fluctuation, во 
long as the demand does not change, major 
changes in demand result in drift or wander- 
ing of the control point. This drift can be 
subsequently corrected by an “automatic 
reset" mechanism. 


(a) On-and-of¥ contrat 


Demand and Variable 


2,—Type of regulation 
th on-and-off and throttling 
rols. 


A graph of a variable 
regulated by a proportional (ora proportional- 
reset) controller will be substantially ns in b, Fig. 2. 

Accurate control in a batch operation is usually fairly simple; in a continu- 
ous operation, it may be much more complicated. A case of the first sort 
(batch) may call for heating a cold liquid in w kettle to some predetermined 
temperature, after which the liquid is held at this temperature. Although 
the liquid in contact with the heating surface may be slightly warmer than 
that surrounding the temperature-sensitive element, this will not generally 
have an undesirable effect. "The gradient may be decreased by agitation, 
and a properly designed controller of either the open-and-shut or throttling 
type will have no difficulty in limiting the supply of heat to that required to 
compensate for radiation, or for the addition of relatively small quantities of 
cold material. 

Suppose, however, that it is desired to dilute an electrolyte continuously 
with water во as to produce a uniform concentration, Throttling control 
is desirable, and of the several methods available it may be most satisfactory 
to use specific gravity (density) as the control property. Although the loca- 
tion of the sensitive element in the case cited above was of little importance, 
it becomes imperative in the continuous diluter that the gravity controller 
he placed at the discharge of the diluting tank, since it is the concentration 
(gravity) of the effluent which is to be controlled. This introduces another 
element into the control problem, that of process lag, which means that the 
controller will not “know” whether its regulation has been correct until some 
time after the fact. Suppose that either the quantity or the concentration 
of the entering electrolyte suddenly increases, Then for a period equal to 
the lag, the quantity of diluting water will not be increased to meet the new 
conditions. When the controller suddenly “discovers” the change, it will 
increase the flow of diluting water, but, because of the process lag, it will 
open the dilution valve too wide. Hence, with the “knowledge” of the con- 
troller always а step behind the actual circumstances, the resulting control 
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will “hunt,” i.e., swing above and below the control point, until the fluctua- 
tions are finally damped out. The average result will not be far from correct, 
but the instantancous result may vary widely. Figure 3 shows how the dilu- 
tion might vary in such а case. Note that the simple throttling controller 
Settles down at a new control point which is slightly different from the original. 
Unless this tendency is automatically corrected, as itis in certain instruments, 
only one condition of demand will give an average result that lies directly 
9n the control point ав set. Hence, when the demand changes considerably, 
it may be necessary to reset the control 
Point. One of the advantages of the 
On-and-off type of control, where it 
©ап be used, is that the average of its 
sinuous control curve will remain sub- 
stantially constant regardless of changes 
in demand. 


INSTRUMENTS AND PARTS OF 
GENERAL APPLICATION 

The following division of this section 
describes a number of mechanisms, parts, эйе ol Mg ir рый 
And accessories that are common to many *. té dilutiod болыны: 
types of instrument. In later divisions, 
Where the instruments proper will be treated, these parts will not be further 
described. 
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Indicators 


No matter what the variable or the type of indicator that is used, the value 
of the variable is translated into “position” in order that it may be read upon 
а soale or chart. An indicating instrument or indicator, then, consista of a 
detecting or sensitive device, a scale (ordinarily graduated in values of the 
Variable), and a method of indicating the measurement on the scale. The 
mechanism which indicates on the scale may be purely mechanical, consisting 
of gearing or a linkage, or it may be electrical. In the latter case, a move- 
ment such as one of those described on pp. 2082 to 2083 will be used. A per- 
Manent-magnet, moving-coil galvanometer is most frequently encountered 
since, in most instruments used by the chemical engineer, direct current is to 

¢ measured, ва in pyrometers and resistance thermometers, 


Recorders 


The pointer of an indicating instrument may be supplied with a pen or 
Stylus arranged to travel over a paper char which is in continuous motion. 
There are three principal types of recorder, those using (1) a circular chart, 
(2) a strip or roll chart which is continuously unwound from a roll, and (3) 
а strip chart mounted on a drum, The first two are the more common. 
The speed of the chart may be governed by a clock, whereupon the variable 
is plotted against time; or the speed may be controlled by the instantaneous 
rate of some other variable such as flow, whereupon the variable being 
measured is plotted against the second variable controlling the chart speed. 
Recorders, then, consist of a sensitive or detecting mechanism, an indicating 
реп or stylus, a chart, а means for advancing the chart, and a case for enclosing 
the entire mechanism. 

Recorder Mechanism. Recorder cases may be made gas- and dust- 
tight, Instruments using cireular charts are ordinarily fairly tight without 
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special precaution. 
for tightness. In most round-chart instrumei 
controlled by a mechanical linkage, as in Fig. 4. 
ism in some roll-charé instruments 
has little power, special means must 
be taken to avoid friction of the pen 
or stylus on the chart. Hence a fre- 
quent procedure is to impress the 
indication on the chart at intervals by 
means of a clock-driven depressor or 
chopper bar. Figure 5 shows a dia- 
grammatie view of a roll-chart 
recorder, indicating how the depressor 
bar periodically marks the chart at 
the point where the pen or stylus is at 
that moment, Recorders may mala 

either single or multiple records. 
In round-chart instruments this is 
accomplished by the use of as many 
indientors and pens recording on the 
same chart as there are records. 
roll-chart instrument, using an elec 
trical indicating mechanism, often has but on 
consecutively to а series of detecting or sen 
operated at proper intervals by the clock. In 
distinguished, points are marked in different 
colors, by various combinations of dots and 
dashes, or by a number corresponding to each 
of the several detecting devices. Rotating 
print wheels, carbon paper, or movable rib- 
bons carrying several colors are used in this 
distinguishing process. 

Pens and Styluses. Single-record ге 
eorders with mechanical indicating devi 
use capillary pens consisting of a reservoir 
for ink, terminating in a point which is held 
in contact with the chart. Pens are made of 
glass, monel metal, or some other corrosion- 
resisting material. The ink generally con- 
sists of water, adye, and glycerin, To lower 
the ink viscosity for rapid variations, alcohol 
may be substituted for glycerin. For re- 
corder movements with little power, or for 
very rapid fluctuations, a stylus is more 
generally used. For continuous contact the 
charts may be coated with wax or with finely 
divided carbon, In intermittent-contact 
(depressor-bar) instruments the stylus 
prints through a piece of carbon paper ога 
typewriter ribbon. 

Charts. Round charts, made in diam- 


Some roll-chart instrumen. 


А Fro, 4.—Round-chart recorder mechanism. 
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require an auxiliary case 
nts fhe position of the pen is 
Since the indicating mechan- 


Zero adjustment. 


——— Mounting 
CK. fange 


пе indicator which is switched 
sitive devices, The switch i» | 
order that the records may be 


Galvanometen, 


Roll-chart recorder 
echanisin, 


eters from 4 to 12 in., are marked with concentric circles representing values 


of the variable, and radial ares representing time (or occasionally 


flow; sea 
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Above). Round-ehart records are ordinarily for 24 hr. or 7 days, butirotation 
Periods from 1min. to 28 days are available. Roll charts are made in lengths 
Up to 120 ft. and widths to 12 in. Lengthwise lines аго provided for values of 
the variable and crosslines for time. Chart speeds in standard roll-chart 
instruments vary from 2$ to 6 in. per hr., with extremes of from 1 in. per day 
to 3 in. per sec. 

Clocks. These may be either spring driven or, where alternating current 
is available, of the synchronous electric type. In round-chart instruments, 
the clock furnishes power to rotate the chart, but in strip-chart recorders, 
it may be called upon only to operate electric contacts which in turn cause 
а solenoid 10 тпоуе the chart and the depressor bar. Multiple-speed clocks 
Are available, and often are very useful in test work. Several strip-chart types 
and one 24 hr./24 min. round-chart type permit use of standard charts at 
high speeds, 


Controllers 

If the fluctuations of the variable can be measured, they can usually ђе 
Controlled automatically. Most frequently this involves the control of 
flow: flow of either a fluid, а solid, or electricity. Hence it is necessary for 
‘the measuring instrument to actuate 
Valves, dampers, switches, rheostats, Va/ve sem. 
9r other mechanisms, either directly 
or through the agency of some device 
which will increase the power availa- 
ble from the detecting mechanism 
In the so-called " self-operated " con- 
trollers and regulators, movement of 
the sensitive device operates the 
Valve, ete. directly, but, since these Jo 
Movements are rarely very powerful, 207//2/ 


та т rit E 
this method is likewise the crudest “7® oein 
and least accurate, For greatest ac- 
curacy it cessary to emplo; ; 

y it is necessary to employ Дор. 


intermediate agencies which ean Agad/ar 
readily be controlled by the detecting 
element and which in turn are power- 
ful enough to adjust the controlling ри, 6 вайеу mechanically operate 
Valve or other device, The inter. ® Bailey mechanically operated 
mediate agencies which are used thus 
to increase the power of the controller include fluid-relay devices known as 
pilots or pilot valves, mechanical-re vices, and electric circuits. 
Pilot devices employ a fluid under pressure which is permitted to escape at 
а regulated rate, or to build up pressure in the control device, under the соп- 
stant control of a small valve which is actuated by the sensitive element of the 
controller, Air, at about 15 Ib. per sq. in. pressure, is the fluid most generally 
used, although water, steam, oil, and sometimes process gases under pressure 
may also be employed. It їз the pressure of this fluid, adjusted by the pilot 
yalve and the sensitive element, that controls the process variable, acting a3 
it does on a control valve, damper, switch, or other control device. 
Air-pilot valves are of two general types: (1) valves in which the valve 
plug positioned by a direct linkage from the detecting element; and (2) 
valves in which a very minute movement of the detecting element accom- 
plishes a much larger movement of the valve plug through the assistance 
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of an intermediate air pilot. The first type, Fig. 6, is used where throttling 
control is desired, and where ample measuring element torque is available- 
Through ratio adjustments in the mechanical linkage the throttling range 
may be varied. Through change of air connections, Fig. 6, or mechanical 
linkage, or sometimes through change of valve body construction (similar to 
Fig, 7), the control action for a given change in measured variable can be 
reversed. 

The second type, Fig. 7, is used where either on-and-off or throttling control 
is desired and a minimum load is to be imposed on the measuring system- 
Air from the air supply flows continuously from a small nozzle until a 
change in the variable causes the measuring element to move a small flap- 
per so as to close the nozzle. While air is venting through the nozzle, 
the valve plug is held against the left-hand seat by the bellows spring, thus 
closing the air leak. In this position practically the entire air-supply pressure 
is exerted on the control valve or other device. A very small movement 
of the flapper, however, serves to close 


the nozzle, with the result that the To 
bellows expands and moves the valve thermal, 
plug against the right-hand seat. element 
This releases the pressure on the ~~ 
control valve and vents air through Flapper 


the air leak. 

The particular relay shown in Fig. 
7 is a Foxboro design. Other makes 
are quite similar, some using ball 
plungers with the same “three-way ” 
action, some using separate inlet and 
exhaust plungors for а supply and Oo phragm 


Arr nozzle 


Supply 


waste action which reduces air con- To controlled 
sumption for throttling control but Valve." Y valve 
also usually introduces detrimental руа, 7, -Relay-operated pilot valve. 


“dead space" in the controller re- 


sponse. "The cut shows the common nozzle and flapper arrangement (Bristol, 
Brown, Foxboro, Tagliabue, Taylor) wherein the noszle jet is tangential to the 
flapper are, Also used are radial nozzle with moving sector (American) and 
opposed nozzles parallel to the axis with vane moving between them (Bristol). 
With a relay of the type shown in Fig. 7 designed to throw on small pros- 
sure change, an open-and-shut control action can be secured with changes of 
leas than 14 per cent of scale range, and extremely close control without 
appreciable cycling and without loss of control point is secured on the many 
processes for which fast open-and-shut control is suited. With the sume 
sensitive relay, throttling-control action can be secured if output nit pressure 
from the relay is connected to a pressure spring, the motor of which is so 
connected to the nozzle or flapper that any measuring-system motion tending 
to close the nozzle is immediately counteracted in part by а motion produced 
by the change in output pressure. By this means the output pressure is 
continuously compared with and kept proportional to the measuring-system 
position, and precise throttling action results. This pneumatic throttling 
action may also be thought of as a “pneumatic return motion” in every Way 
equivalent to the mechanical return inotion commonly used in governors and 
pressure regulator: With a relay designed to throw on a considerable 
pressure change, throttling-control action can be secured without the pneu- 
matic return motion. ‘The throttling range is adjusted by varying the ratio 
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ОЁ mechanical linkage between measuring element and flapper. Slightly 
simpler than the pneumatic throttling construction, it is also more limited in 
Tange and sensitivity. 

Electrical systems (see p. 2024) are often used 
instead of pilot devices. Movements of the meas- 
Uring element may be made to operate electric con- 
tacts to open, close, or otherwise change the setting 
Of the connected control device. The moving 
mechanism of the measuring element is provided 
with one or more electric contact points, usually of 
silver or tungsten, which make contact at certai 
bositions with one or more stationary control- 
contact points, Figure 8 shows a typical contact- 
making controller of the indicating type. In the 
Foxboro " Rotax" type shown in Fig. 9 the contacts 
Эге made and broken without affecting the indica- 
tion or record. ‘The position of the control con- 
tacts can usually be adjusted so as to set the control- pig. s. Contact-making 
Doint at any desired value of the variable. In ^ jnuicating controller, 
Single-contact instruments the contact is made 
only when the pointer is moving in one direction, either up or down. In 
double-contact instruments one circuit is closed when the pointer is mov- 
ing up (high contact), and another circuit is closed when the pointer is moving 
down (low contact). Contacts are generally 
но built that the circuit will remain соше 
Pleted through a range of movement of the 
Pointer 

In the electronie type of contactless 
controller no physical contact is made to 
complete an electrical cireuit. IntheAlnor 
Dyrometer controller а small vane attached 
ihe pointer passes between two vanes 
Which are the capacitive element of a tuned 
circuit. | When the pointer vane interleay 
With the capacitive vanes, a circuit fre- 
quency change is produced which in turn 
operates a relay. In the similar Wheeleo 
instrument pointer detection is induetive 
rather than capaci 

Relays (see p. 2024) are required when дуру 
the current to operate the control valve or 
other device is greater than can be carried 
by the instrument contac Figure 10 
shows two common types of relay. That 
ina is а single-contact type used with single- 
contact controllers. The control circuit is 
completed only so long as the instrument 
circuit is completed. The type of relay ^ ууа 9, -Rotux controller, 
shown in ò is used with double-contact in- 
struments. This differs from a in including a holding contact so that the control 
cirouit remains completed until the instrument contact is made in the opposite 
direction, This type of relay is used to prevent chattering even when the 
current demand of the control valve or other device is below the permissible 


Commotator 
contacts 
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limit for the instrument contacts. Instead of operating open contacts some 
types of relay tilt mercury contact switches by solenoid action. In others the 
solenoid displaces a mercury pool which makes contact. For very low contact 
currents electronic relays are available. 

Mechanical relay devices are gener- 
ally of the depressor-bar type. The 
pointer of a galvanometer or other 
measuring element is clamped at inter- 
vals and its position detected by mechan- 
ical feelers which in turn carry out the 
control operation either directly or 
through electric or pilot systems. 

On instruments controlling electric „ыр 
heating, direct operation of mercury con- отан, 
factors is common. These contactors 
are glass tubes evacuated, or filled with 
inert gas, containing а small amount of | 1 pe: 
mercury and two or more contact points. Hoting contact 
Tilting makes or breaks the contact. Fig, 10,—Comumon types of relay. (о) 
Figure 11 shows two types of mereurg- Oia da 0) и 
contaetor &witch: the first, a, a type for 
carrying 2 to 10 amp., and the second, b, for carrying from 10 to 50 ог 60 amp. 
In the second and similar heavy-duty contactors, contact is made between 
pools of mercury across the edge of a refractory glass tube as in the illustration, 
or sometimes across a refractory dam. Metal enclosed types are made in sizes 
to 200 amp. rating. 

Control Devices, Fluid-operated control 
devices are those making use of a pilot system 
(see above) using air, steam, water, oil, or 
process gases as the pilot fluid. These devices 
consist of a diaphragm, metal bellows, or 
piston operating a valve, damper, switch, ete, 
They may either open or close with increasing 
pressure (air-opened or air-closed), the type to 
use depending chiefly on whether it is desired 
to have the valve open or closed in case of IT 
failure of the control-fuid pressure. Dia- SS A 
phragm valves are generally of three types (D facro 
butterfly valves for low-pressure gas or air; “lass th 
globe or V-port valves for medium-pressure GEL, 
service on all fluids; and balanced valves for Fie 11.—Mereury contact 
higher pressures. Depending on size, these Switches, (a) For 2 to 10 ашр; 
valves are obtainable with screwed, flanged, (for 10 to 60 amp, 
or union ends. Above 150 Ib. per sq in. pressure, balanced valves should Не 
used unless tight closing is required, when globe valves are necessary. 

Common diaphragm valves for open-and-shut service (Fig. 12) are the 
singlo-seated disk (ог globe) valves, used on all fluids at moderate pressures 
and for tight closure at higher pressures, and the balanced double-seated 
disk valves, used in larger sizes and at higher pressures. Also used are needle 
valves for very small capacities and butterfly valves for large low-pressure 
valves, as well as many special types for various chemical services, Common 
diaphragm valves for throttling service are the single- and double-seated 
V-port types, especially the latter with two or four ports shaped to give equal 


Highcontact 
resistance, 
(oy 


INSTRUMENTS AND PARTS OF GENERAL APPLICATION 2023 


Percentage flow increments with equal lift increments over flow ranges of 
50 {о 1 or more. While globe valves are sometimes used for throttling service, 
the flow range in which the fow-lift characteristic is really suitable for 
throttling control is narrow, and process data and stability are rarely such 
that this favorable portion can be 
Utilized with any certainty. Also 
limiting the use of any single- 
seated valve on throttling service is 
the upsetting effect of varying line 
Pressures causing a varying plunger 
Position unless the diaphragm or 
motor is extraordinarily large. 

Figure 13 shows a typical wide- 
Tange valve characteristic plotted 
On semilog paper. These flow 
Curves are based on the favorable 
condition of the valve being the 
main resistance to flow. Throt- 
tling valves are sometimes used for 
Open-and-shut service instead of 
cheaper open-and-shut valves 


where it is desired to vary effec- Fie, 12,—Diaphragm valves. (а) Air-closed 
pred m globe valve; (b) air-opened globe valve; (c) air- 


tive valve size frequently, this 2 a 

being done by varying air-supply елей globe valve, reversed top (Foxboro); (d) 
я double diaphragm Гог two-function control; (e) 

Pressure to the instrument. Less and (J) balanced valves. 

common valve constructions 

include the needle valve-in both open-and-shut and throttling types for very 

small capacities; the butterfly valve in open-and-shut and limited range 

throttling types, usually in large sizes and at low pressures; nnd the plug 

cock; as well as a wide variety of special material valves for chemical service. 


100 — 
+ 90 
5 80 
E70 
5 60 - | 
5 
5 50 МЕ 
i E 
E 40 0 
Ф ux ЈА 
3 30 oF yo 
5 20 T (Ge 
& | 
10 i 
чу 2 3 45678910 15 202530 40 50601080 100 


Per Cent of Total Flow 
Fra. 13.—Valve characteristics of control valves, 


Diaphragm Switches and Levers. For control devices other than 
valves, pilot-operated controllers make use of switches, dampers, ete, For 
operating dampers a diaphragm motor connected to a lever may be obtained. 
Instead of a lever the diaphragm may be connected directly to a switch for 
controlling a motor or an electric heating circuit, 
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Electric control devices are similar to the fluid operated ones, but are 
actuated by electric motors or solenoids or occasionally by electric heaters. 

Solenoid Valves. Solenoid valves in nearly every case are of the com- 
pletely open-and-shut type (Fig. 14), although they are occasionally built with 
ап integral by-pass. They consist of а globe, needle, or balanced valve, held 
in either the open or shut position by means of а spring. А solenoid, either 
integral with the bonnet or attached outside and operating 
‘on the stem, moves the valve stem to its other extreme 
whenever it is energized by the control current. In some 
types the solenoid operates a pilot valve which permits the 
pressure acting upon the top of the valve to be exerted to 
the underside when in the open position. By making the 
pilot valve opening larger than the opening admitting 
downstream pressure when in the closed position, a pres 
sure differential will exist upon the two sides of the valve, 
which is then caused to open, when the pilot valve is 
opened. Some types use a bellows construction instead of 
(ће packed-type construction shown in Fig. 14. Although 
such valves ordinarily draw current which сап be handled 
by the controller contacts, to avoid chatter due to frequent 
secondary contact, it is customary to use a double-contact 
controller and а relay of the type shown in Fig. 10b, 
Most makers supply these valves in sizes not over 3 in. for 
pressures up to 150 Ib. per sq. in., although specially construeted valves which 
make use of the pressure of the fluid handled to operate the valves have been 
built in sizes to 12 in. and 400 Ib. per sq. in. pressure. Solenoid valves are 
made for both alternating and direct current. 

Solenoid valves are also used as pilots for fluid-conttol devices. Where 
valves are very large or exceptionally fast action is required from remote 
valves, this is a convenient method. 

Motor Valves. Both two-position (on-and- =" 
off) and throttling motor valves are built, Two- 


position valves may open and shut, or they may эт. 
operate between two adjustable settings. They t < 
include butterfly, globe, gate, and, less frequently, & арааг" 
balanced valves, operated singly orin pairs. For $ sich 
fuel control a single motor often operates a fuel Limit switch 
valve and an air valve simultaneously. Figure Opening spring 

" е type of motor 2 
15 shows diagrammatically one type of mot. will ee 


valve of the open-and-shut variety, the motor 

functioning to move the valve disk to its other 

extreme with each opposite control impulse made ~ 

by the oontroller.. Insuch valvesa motoriscon- ,, 35, , 18 Ореанда 
" type-of motor valve for high- 

nected through a train of gears to в crank Ог саш видом contact controllers. 

which moves the yalve stem through its entire а 

travel in one-half revolution., As the half revolution is completed, a limit 

switch is opened, at the same time closing contacts connected to the second 

pair of controller contacts, so that a full revolution of the valve eam shaft ія 


completed on the next opposite control impulse. Open-and-shut motor valves 
are customarily by-passed to take саге of minimum flow requirements while 
the valve itself is closed. Such valves are often used for remote manual 
control. Motor units are available for attaching to standard valves. 
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Tn some electric valves the actual valve stem operation is hydraulic, the 
Motor driving an oil pump which in turn furnishes oil to the valve-operating 
Cylinder, In the larger sizes the electrohydraulic operation may be cheaper 
and far more durable. 

Throttling motor valves are of a number of types, some very ingenious, 
Tn the simplest form this gives but а crude approximation of true throttling 
Or proportional position control and can be used only where there is very 
little lag between a correction made by the valve and its effect on the con- 
troller, А reversing motor operates the valve, running in one direction 
for а “more” contact, remaining stationary as long as the controller is not 
Making contact, and running in the opposite direction ns soon as в “lesa!” 
Contact is made. For greater lag, а compensating, step-by-step, or delayed- 
Action device must be inserted in the control circuit to avoid overshooting the 
gontrol point. Without some such device, even a small lag will result in 
"hunting." In step-by-step valves, a “more” contact will increase the valve 
Opening slightly, whereupon the mechanism disconnects the motor from the 
Valve for a brief, adjustable interval and waits to determine whether the valve 
adjustment is sufficient. If it is not sufficient, adjustments continue at 
intervals until the control point is reached. More complicated devices are 
designed to make valve changes of decreasing magnitude as the control point 
is approached or even to make a negative correction shortly before reaching 
the control point in order to avoid overshooting. A method employed in the 
Shallcross control (p. 2034) uses carbon contacts and a shunt-wound motor to 
Obtain variable motor speed. True throttling or proportional position control 
is secured in motor valves (most often those used with potentiometer instru- 
ments) by using corre g resistors and movable contacts in both motor 
mechanism and instrument. These resistors are connected in а bridge circuit 
With a sensitive polarized magnetic or electronic relay to detect unbalance 
"id to operate the valve motor їп. а direction to rebalance the bridge. Thus 
the valye is maintained in в position corresponding to the value of the meas- 
ured variable and proportional position control results, 


Remote Indication 


It is often desirable to produce or reproduce indications of a measuring 
device at а distance. This may be used as a means of centralizing control 
of a plant in conjunction with the use of remote-control valves; or it may be 
Used as a check on operation; or ав в means of obtaining indications which 
Would otherwise be inaccessible. Most types of industrial measuring instru- 
ment possess inherently the property of indieating at a moderate distance, 
but this rarely exceeds а few hundred feet and is usually much less. Several 
electrical methods of indicating position at a distance have been devised, 
most of which are theoretically unlimited in the distance over which they 
ean operate. Practical considerations usually limit these methods to a few 
miles. The telemetering methods most used include: (a) the step-by-step 
ûr impulse-and-ratchet system, in which a given small angular movement 
of the indicating instrument results in the sending of a single electrical 
impulse which ‘causes the same angular movement at the receiving instru- 
ment; (b) the rheostat-and-ammeter system, in which the sending instru- 
ment adjusts а rheostat, the position of which is indicated at the receiving 
end on an ammeter; (с) Wheatsone bridge system, in which the indicator 
Changes the position of a slide-wire contact of an adjustable resistor in the 
sending instrument and is balanced by a self-balancing recorder at the 
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receiving instrument; (d) the Selsyn system; (6) the self-balancing induc- 
tion balance or induction bridge; (/) time-impulse system; and (y) pneu- 
matic system. 

Induction Balances. Figure 16 shows the Bristol form of induction 
balance which will be seen to consist of two circuits having a common leg. 
In each circuit are two inductances, one at the sending end and one at the 
receiving end. The sending inductances (and also the receiving inductances) 
are suspended in the form of a balance over the two legs of a permanent 
magnet. When alternating current is applied to the 
circuit, the position assumed by sender and receiver Jomeasuring — /ndicating. 
will be such that the inductance of each circuit is — 407 un 
equal. Hence any movement. of the sender will be 
duplicated at the receiver. Тһе sender may be con- 
nected to the indicating mechanism and the receiver, 
ай а distance, connected to a recorder or indicating 
pointer. 

‘The Brown induction balance transmission system 
is identical in principle with the Bristol but ш а ny КИШ: аЛ 
cylindrical iron armatures inside center-tapped су! 1б— Bristol type of 
drical coils. "The Cochrane system is a further ^^ induction balance, 
development of the principle using a galvanometor 
and mechanical relay (depressor bar) operated balancing mechanism driven by 
an electric motor. It is more accurate than the simple bridge because the 
power for record and /or control is not limited, but more costly because more 
complicated. 

Selsyn motors are used in pairs as sender and receiver. These are small 
self-synchronous motors connected preferably to the same source of alternat- 
ing current and interconnected as shown in Fig. 17. The Selsyn system may 
be thought of as a three-phase version of the induction balance, If the 
armature of the sender motor be rotated through any 
angle, the armature of the receiver motor will rotate 
through the same angle. This angle may be more or 
less than one revolution. Any method, such as the 
indieation of an instrument, may be used to deter- 
mine the position of the sender motor, and the » 

n г 5 Fia, 17.—Intercon- 
receiver motor will accurately reproduce the indica penai ML ри 
tion. "Phe De Florez remote-control valve similarly remote indication. 
uses two Selsyns, the sender being connected by 
gearing to a handwheel while the receiver is connected by gearing to the valve. 
Since only the force exerted on the handwheel is communicated to the valve, 
the operator can feel any obstruction. 

Pneumatic telemetering systems are widely used in the oil industry 
where the distances involved are within its limitations and where the avoid- 
ance of the hazards of electrical systems or the cost of explosion proofing ів 
important. A 100 per cent throttling range controller, usually especially 
designed for transmitter service, produces an output air pressure proportional 
to the measured variable. A pressure recorder, likewise usually especially 
designed for receiver service, scaled like the transmitter, located up to 1000 ft. 
or more distant, and connected by H6- to 54 g-in. bore copper tubing, receives 
the transmitted pressure. Standard control mechanisms may be included in 
the recorder саве. Pneumatic transmission is ordinarily to be preferred when 
pneumatie control is to be included in the receiver. 
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Time Control 


Time or cycle operators may be used alone or as an auxiliary 40 some 
Other form of control. Fundamentally, any such operator consists of some 
form of clock, such as а constant-speed motor, synchronous motor, or a spring- 
Wound clock, arranged to make or break electrie contacts, to open or close 
air valves, or to change the setting of a pilot valve according to some pre- 
determined time schedule. Single cam operators or timers consist, usually 
ofa clock which rotates a time dial. The dial carries one or more adjustable 
devices that serve to trip the contacts. The dial may be graduated in any 
desired time units. Or the dial may be stationary and the clock rotate a hand 
Which makes contact with or trips an adjustable hand. In some forms 
timers must be reset, manually after each operation; in others the timing 
repeats automatically, either immediately or after a predetermined interval. 
‘The simplest single-switch types used for sign ог henyard lighting are cheap, 
but with increased switch capacity and especially with increased flexibility 
and special design the cost mounts rapidly. In pneumatic timers small 
air valves are substituted for the electric contacts. As many as eight valves 
can be operated by a single clock-driven timing cam. Depending on the 
manner in which the cam is cut, the intervals between the functioning of the 
several valves may be varied in any desired manner. These valves serve to 
operate diaphragm valves, pneumatic switches, dampers, or other control 
apparatus and thus may start and stop an operation and perform various 
intermediate steps. 

Cycle controllers or time-set controllers contain a measuring element 
and à control system as well as a timing element. А time-pressure controller, 
for example, consists of a standard electric or pneumatic pressure controller 
the control point of which is set mechanically by the follower on a time cam cut 
to the desired time-pressure program. "Time-humidity controllers used in 
Program drying contain separate cams for the wet-bulb and dry-bulb pro- 
grams, setting separate temperature controllers in the same case. The cams 
Of recording time controllers are usually mounted in а separate second case. 
The cams may then rotate at the most suitable speed, usually other than the 
ndard record-chart speeds. 

Multiple cam operators or cycle timers are used where the switch or valve 
capacity or the complexity-of the operating cycle is beyond the capabilities 
single cam units. Since there is no limit to the number of operations 
Which may be timed on a multiple cam unit, complex processes can be 
operated entirely automatically. Timer operation is frequently cascaded, 
Опе master timer operating other timers or time controllers, 

Elapsed time controllers, widely used in cooking and dyeing operations, 
are controllers which contain also a mechanism to time their operation and 
turn them off after the set elapsed time period. A signal then indicates that 
the operation is completed. 


PRESSURE AND VACUUM* 

Devices for mensuring pressure assume great importance in any study of 
control mechanisms, not only because of the innumerable occasions when 
pressure is a factor in industrial work, but also because of the many applica- 
tions of these devices in other fields. Liquid level may be determined by the 
weight or pressure of a column, flow by the pressures before and after an 

+ Bee See. 0, pp. 780-787, and Sec. 19, p. 2186. 
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orifice placed in the line, and temperature by the pressure set up in а closed 
system due to the tendency of fluids to expand with increased temperature. 

Pressure may be defined as the force that is ap- 
plied to, or distributed over, a surface. It is 
measured ns the force per unitates. Practically all Еа) 
devices for measuring pressure utilize some form of - 
sensitive element which is caused to move by the F10. 18.—lnelined-tube pres- 
force. As will be seen from later descriptions, this НЕС 
movement of the sensitive element is made against the pressure of the виг- 
rounding atmosphere. Hence the pressure indicated by the element will be 
the resultant or difference between the two. Com 
mon usage has therefore taken the normal atmos 
pherie pressure of 14.70 Ib. per sq. in. as the datum 
line, with forces greater than this termed gage pros- 
sure and those below called vacuum. Pressure 
measured above zero pressure as the datum line is 
termed absolute pressure. The units most fre- 
quently used in this country are pounds per square 
inch pressure and inches head of mercury vacuum. pg, 19. p 

The simplest form of pressure indicator is the ^ Ome 
liquid column, as in mereury barometers and 
U-tubes (see pp. 780-787). The latter are extensively used for low gus pres- 
sures. They may be filled with kerosene, water, tetrabromethane, or mercury, 
depending оп the range desired. Direct-reading manom- 
eters are constructed with large area wells in comparison with 
the area of the tube. The scales are specially compensated 
for the fall of liquid in the well so that they are direct reading. 
Pressures up to 2000 Ib. per sq. in. are measured by direct- 
reading manometers. A variation is the inclined tube for 
measuring furnace draft and other slight pressures. Опе leg 
of the U-tube makes an angle of 5 to 10 deg. with the horizon- 
tal so that а 7- to 10-in. movement is obtained for pressure 
changes of Lin. hend of water (Fig. 18). Furnacedraftisalso — р 
indieated by pointer gages in which connection ismade from PM pea? 
the stack to the inside of a counterbalanced bell immersed in. gyro coment. 
liquid. Tho Bailey gage is shown in Fig. 19. With an in- 
crease in draft the liquid within the bell will rise and the bell will be pulled 
down until the force is balanced against the pull of the pendulum weights which 
аге fixed on the balance beam. The Ellison gage uses a link- 
age which is so designed that the pointer moves over а flat 
rather than a curved scale. Several pointer-gage elements 
may be mounted side by side in one case for compactness or 
combined with other instrument movements. 

The most commonly used pressure-indicating devices 
employ some type of tube, diaphragm, or bellows, which 
undergoes elastic deformation with pressure variation. These 
are known as pressure gages, sometimes called secondary cameron 
gages since they must be calibrated by comparison with в Fre, 21— 
primary gage such as the manometer or dead-weight gage. Bellows pressure 

Most elements designed for recording vacuum, and pres- € lem en t 
sures below 15 1b. рег sq. in. depend on the expansion or соп- (97749) 
traction of a bellows. Two developments from this early element are shown in 
Figs. 20 and 22. In the box type element (Fig. 20) the bellows is encased in a 


pointer 


Pressure 
comechoa 
1 
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box to which the pressureisadmitted. The compression actuates the pen arm 
through the multiplying linkage. This element is used for ranges of 0 to 12 in. 


head of water to 0 to 15 Ib. per sq. in. pressure or 
Vacuum. Overloads of 100 per cent do not damage it. 
Anearly form is shown in Fig. 21. Pressureisadmitted 
to the inside of the bellows, and, since one sideis bound 


by a flexible strip, the tendency t dresultsin a 6550ге 
у а flexible strip, the tendency to expand resultsin a Pressure” 


movement of the pointer through an are to the right 
(with vacuum it is to the left). In the bellows unit 
shown in Fig. 22, only a few diaphragms need be used. 
‘This type can be constructed to withstand pressures as 
high as 30 Ib. per sq. in. and as low as several inches 
head of water. 

Slack-diaphragm gages are used for low-pressure 
and draft measurement. These units are well adapted 
for multiple mounting in ã single case, up to 12 indicators 
being available in one сазе. Diaphragms are generally 
made of leather or oiled silk for the slack-diaphragm 
буре, 

For higher pressure indicators and for some recorders 
the Bourdon tube is used. Diaphragm gages are 
available but, owing to the limited motion produced, are 
used only where the corrosive properties of the fluid re- | 
quire construction of some material not suited for use in 
Bourdon tubes. The Bourdon tube is в curved tube 
whose cross section is elliptical. It is sealed on one end. 
admitted, the tube tends to 
straighten out due to the greater 
total pressure on the outer side, 
and, conversely, a vacuum causes 
it to coil up. The movement is 
transmitted through a linkage 
and amplified by а rack and 
Pinion to actuate the pointer, as 
shown in Fig. 23. The shape, 
material, and wall thickness of 
the tube are determined by the 
bressuresencountered. For 
ranges up to about 1000 Ib. per 
ва. in. seamless, drawn bronze 
tubing is generally used. 
Higher prossures and corrosive 
atmospheric conditions require 


Fic, 22.—M nltiple 


diaphragm bellows gage 
clement. 


Fra. 23.—Bourdon- 
ube pressure indi- 


cator, 


When pressure is 


the use of alloy-steel tubes which 
are drilled from solid stock. For 
severe vibration, pulsating pres- X 
sures, or self-draining ability the RITE NT 
element may be constructed of 
two short Bourdon springs Е 

" Fis. 24—Ty helical tubes for 
which oppose each other. Good ^^ Ма На 


practice calls for the selection of 


pressure. 


а acale range about double the normal operating pressure of these gages. 


Periodic checking is advisable. 
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‘There have been many developments of the Bourdon tube. One of these, 
the helical, із the element now largely employed in pressure recorders. It 
is so named because the tube is coiled in helical form, The pen arm may be 
soldered directly to the element, a center post may be used, or a linkage may 
be employed, ав іп Fig. 24. The effective length of the tube is from the base 
to the point at which soldered connection is made to the pointer or linkage. 
‘This point is varied when calibrating to get the proper deflection. Owing 
to the great length of the helical coil and the small are through which the 
pen arm moves, these elements rarely require any multiplying with attendant 
angularity errors, although multiplying may easily be accomplished with the 
linkage type. The wall thickness, shape, and metal used in the tubes 
are varied to suit conditions and ranges. Great care ia taken to get tubes of 
uniform wall thickness throughout their length, else the deflections are not 
uniform. Careful annealing or aging is required before calibration to prevent 
later changes, These elements can withstand 50 to 100 per cent overload 
without damage on ranges below about 0 to 1000 Ib. per sq in., but grenter 
care in overloading must be used on the higher ranges. Multiple pen record- 
ers ean be fabricated by using linkage-type elements. 

The Taylor volumetric pressure gage is designed specifically for con- 
ditions where it is impractical to allow the fluid to flow into the pres- 
sure gage element as in homogenizers, It uses a compressible bulb, containing 
mercury, which is connected to a Bourdon gage by means of tubing. The 
tube 18 specially compensated so that 
temperature variation does not affect the 
pressure, А separatory diaphragm is 
used to separate the Bourdon tube in the 
Marsh gage and pressure is transmitted 
through а liquid of low compressibility. 

Absolute pressure indicators and 927? 
recorders of the bellows type are now 
widely used where the convenience of a 
direct absolute pressure reading justifies 
the additional cost. Two bellows are 
used, one connected to, and actuated by, 
the pressure being measured, the other 
evacuated and actuated by the barometric pressure. The two bellows oppose 
each other directly or through linkage and atmospheric pressure variations 
cancel, 

Although not often used for indicating pressures, the dead-weight tester 
is the absolute standard for checking the higher range gages. This device 
uses a weighted plunger to secure a definite oil pressure in a system. Figure 
25 is a simplified cross-sectional view. The plunger is fitted at its upper end 
with a platform on which weights can be placed. Pressure ean be applied 
to the oil in the chamber below the plunger by turning the handwheel so 
аз to шоуе the piston inward. When the oil pressure is greater than the 
force exerted by the plunger, it will be lifted off its seat and will ride on the 
cil as in the illustration. The pressure is then constant. Knowing the ares 
of the end of the plunger, the weight of the plunger and platform, and the 
added weights on the platform, the pressure in pounds per square inch can be 
calculated. Hence a gage connected in the system can be checked at various 
points on the scale by placing appropriate weights on the platform. To 
prevent errors due to friction on the plunger, the tester must be level and the 
platform spun slowly while the reading is being taken. 
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For determining very high pressure, dead-weight gages use a suspended 
loading platform of great capacity, or a scale beam system. The plunger is 
Pscillated by а motor. ‘These gages are made for pressures as high as 50,000 

- per sq. in, Pressure intensifiers, available for use in conjunction with 
Tlead-weight gage testers, will 
also develop extremely high 
Pressure. 

‘The dead-weight gage princi- 
ple is utilized in the Bailey 
Power-type pressure gage 
illustrated in Fig. 26. The pres- 

Sure to be measured is applied to zesce 

e plunger whieh carries on its 229029770 

plunger wi Mer 
Upper end а сир containing 
Мегсвгу. It is constantly 
Totated by a small motor which 
also drives an oil pump, furnish- 
ing oil to a pilot valve mounted 
Oh the plunger. А slight rise or 
fall of the measuring plunge 
Will allow oil to pass to the top or 
bottom, respectively, of the 2707 
Power piston in an adjacent 
der, forcing it downward or 
"pward. Movements of this 
biston cause corresponding = 
motion of the displacor in tho ressure connection 
decrease” the londing of the #59: 26-—Bailey "powertype" pressure gage 
m arranged for remote transmission, 

Plunger, resulting in a shifting of 

Ма position so as to shut off the oil supply. Consequently, for each pressure 
Applied to the plunger, there is a definite position of the power piston. Arack 
Mounted on it turns a pinion gear on the shaft of the indicating device. A 
Selayn motor (see р. 2026) is shown connected to transmit the pressure reading 
to a distant indicator or recorder but а direct-read- 
ing instrument may be substituted. This move- 
ment lends itself particularly to narrow ranges such 
48385 to 415 1b. per sq. in. for a boiler-room master 
Kage. Practically any maximum pressure may ђе 
Secured by varying the relative sizes of the plunger, 
Mereury cup, and displacer. 

Measurements of high pressures, particularly 
‘apidly fluctuating ones, can be made with the 
McCullom-Peters electric telemeter gage 
(Baldwin-Southwark Согр.). This gage operates 
by venson of the changes in resistance of a carbon 
Dile with the force applied. In Fig. 27 changes in 


Removable 
weights- 


-Displacer 


Mercury 


pilot valve 
Pressure piston 


~ „Ела, 27,—Electrie telemeter 
Pressure cause a flexing of the diaphragm. This “gage. (afeCullom-Peters.) 
movement is transmitted through the connecting 

tod and cantilever spring to the carbon resistors, compressing one and relieving 


the other. The resistors are composed of a number of annular sections of саг- 
bon, Zí -in. outside diameter and 0.020 in. thick, placed between copper disks. 
Connection is made from the disks to a storage battery as shown in Fig. 28, 
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with the current regulated by means of a variable resistance and voltmeter- 
The fluctuations in current are measured with а milliammeter, indicating oF 


recording; or with ап oscillograph, calibrated to 
read directly in pressure units. Movements of the 
diaphragm аге of the order of 0.005 in. Crystals 
that exhibit piezoelectric effect (see p. 2653), 
mercury, and manganin metal can also be used for 
gages of this type. Frequent checking of the eali- 
bration is essential as the accuracy is affected by 
conditions of temperature and vibration. 
Automatic control of pressure may be accom- 
plished by a great variety of devices. Ава 
general rule, pressure is regulated in order to 
control a second variable. This is usually 
flow, since the amount of liquid or gas passed 
through a pipe varies with the pressure. A 
third variable may also be controlled, e.g- 
temperature, whicli is maintained through 
regulation of the flow and hence the pressure 


rbon resistors 
<Milliammeter or 
г oscillograph 


Voltmeter: 
Fra, 28.—Electrical diagram 
for telemeter gage. 


Weights 


Leather’ 
valve 


of steam. Since other factors enter into the Pya, 20,—Low-pressure governor 


control of temperature, it is accomplished by 


devices (pp. 2019 and 2056) that are somewhat different in construction. 
Pressure controllers are of two general classes, self-contained and розе! 


operated. Self-con- 
tained controllers 
include the devices gen- 
erally called governors, 
regulators, and reduc- 
ing valves. They have 
no indicating or recording 
means; they effect cor: 
tions mechanically as the 
result of changes in the 
position of a diaphragm Fre 40 Spring- 
by opening or closing the operated pressure 
inlet valve. The outlet, reducing valve. 

or controlled, pressure on 

one side of the diaphragm 
is opposed by a force on 
the other side. This 
force may ђе applied by 
ights, by a spring, b 
weighted lever, or by a 
liquid head. Тһе action 
of these valves will be 
readily apparent from a 
study of Figs. 29, 30, 31, 
апа 32. The first type is 
used for low pressures, 


Fre. 3L Fic. 


service no adjustment is 


32.—Tilot-operated pres- 
Weighted-lever sure regulator, spring type. 


in city gas lines. Onthis bu ° 1980 


needed, If a change of pressure is necessary, the head may be removed 


and weights added or removed, 


Where the control point must be altered 
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frequently, use is made of a governor equipped with an extension of the 
loading shaft through the head, so that weights may be added or removed 
easily. A mercury-sealed vent may be provided as a safety blowoff. The 
regulator in Fig. 30 may be adjusted by turning the screw at the top so as to 
increase or relieve the spring tension. Addition or removal of weights on the 
Weighted-lever regulator (Fig. 31) permits an easy change in the control 
Point. The spring and weighted-lever regulators may be used for pressures 
Up to about 200 lb. per sq. in., For heavy duty a pilot-operated valve of the 
Spring type is often used. The diaphragm moves a pilot valve which admita 
the inlet pressure to the piston of the main valve. The principle is illustrated 
n Fig, 32. 

The Mercon pressure regulator is в liquid-loaded valve. The dia- 
Phragm load is varied by changing the height of the liquid. This valve has 
the advantage of always having a я 
Uniform effective diaphragm area 
on both sides of the diaphragm re- 
Zardless of lond. The Grove 


Se Connection 10 


Tegulator loads the diaphragm with „шу master loading 

nir or gas pressure in a dome, which "ge Г pressure 

is wet to equal the desired controlled S Weight 

АРАА (== Balance lever 
Ower-operated controllers 

Utilize external fluid or electric "Dil dashpot 


Power to operate the valve or 
damper, the mechanism merely con- 
trolling the application of this 
Power, Such controllers are more 
Accurate and more powerful than 
the self-actuated type. For many 
pplientions the indicating or те, 
Cording-instrument type of control 
described previously (pp. 2019- Жор, 
2021) is preferred, but elsewhere, PAM 
When an indication or record isnot Oilalscharge 
required, the power-type regulator A 
is commonly used. These may Throttling 
һауе open-and-shut, throttling, and orifice 
throttling reset (load-compensating Р 8 орі presene, OREN ahar 
äction) just as instrument control, Tuc penes CEU У 
with plain throttling control most common. 

Load compensating pressure controllers were developed mainly for 
combustion control in boiler plants where it їз desired to maintain а con- 
stant steam pressure despite a varying steam flow. This is accomplished by 
effecting changes in the rate of heat generation and consequent steam genera~ 
tion. The variables which must be controlled are the induced and forced 
draft and the fuel, ог stoker, feed. ‘These devices have been adapted for 
the control of gas pressures, for mixing gases in definite proportions, for 
ав sets, and for controlling chemical operations. Basically 
able designs are seale beams which balance the controlled 
pressure against weights or other set forces. Any unbalance acts to correct 
itself but is compensated to prevent “hunting” or overshooting. Frequently, 
especially in boiler rooms, a number of units are employed, and all are held to 
the correct setting by a master controller, This is so arranged that the 


Operating oil 
pressure connection 
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individual units may be separately adjusted, e.g., the ratio of fuel to air on 
any one boiler or the portion of the load carried by any one Бойе 

As with other pressure controls there are two kinds of transmission, fluid 
and electric. An example of the fluid-operated compensated control 
is the Smoot shown in Fig. 33. А set air pressure, or the loading pressure 
from the master controller, and the controlled pressure or pressures acting 
upon their respective diaphragms create forces which are 
exerted on the balance lever. The resultant moves the 
multiplying valve which controls the oil pressure under 
the piston of the regulator. Oil is supplied by а small 
pump at 101Ь. per sq. in. pressure. Air or steam may 
be used instead. The piston is acted upon by a con- 
stant pressure above and а varying pressure beneath it 
and hence moves upward or downward and shifts the 
position of the operating lever which is connected to 
valves or dampers. An oil dashpot is interposed between 
the balance lever and the piston to provide momentary 
widening of effective throttling range followed by reset- 
ting of the control point as in instrument types of throt- 
tling reset control. Without the ой dashpot and by-pass 
needle valve the unit becomes throttling controller 
typical of many on the market, With sudden large 
changes the corrective movement is made directly { ИК, 
through the dashpot. OU Maly 

Electrically operated pressure regulators, like ће troller, 
fluid-operated, balance the controlled pressure against 
weights, springs, or other forces. Any unbalance is used to make and break 
contaets or to shift а rheostat. The methods of securing throttling action 
differ considerably. The Shallcross regulator for low pressures is illustrated 
inFig.34. The switch contacts are connected through resistances to a shunt- 
wound motor on the damper. When the pressure is normal, both contacts are 
made and the armature is short-circuited. The contact surfaces are of 
graphite, and hence relieving the pressure slightly will change the resistance 
and start the motor slowly to restore equilib- 
rium. A large movement: of the bell makes 
the circuit, through the center contact, which 
cute out the resistance and gives rapid move- 
ment. The Leeds and Northrup regulator 
employs an interrupter in the circuit to get step- 
by-step operation. It uses counterbalanced 
bells: Гог low pressures, making contact to ар АНЕ 
reversible motor; and a Bourdon tube actuating Ка 
the contact arm of n rheostat, for higher pres- y 
sures. Reversible motor drive is used also on the Brooke regulator (Fig. 35). 
‘The motor, in turning the drive wheel for the valve or damper which will correct 
the unbalance, also moves a compensating lever so as to break the contacts 
and stop itself almost immediately, thereby getting an “inching” motion- 
"The Bailey electric control uses a Bourdon tube with a long pointer arm on 
which a pin 18 mounted. A motor-driven plate pushes this pin against two 
stepped wedges. Its exact-position on the wedges, due to the pressure, deter- 
mines whether it will move the “more” or “leas” wedge and how far it will 
move it. On this depend the period of contact and length of time the control 
3üotor Will run to correct conditions. 


Рта. 34.—8hall- 
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General Considerations. Conditions and layout determine the exact 
method of connection of a pressure-sensitive mechanism to any system. It is 
good practice to have a valve in the line below a gage so that it may be 
disconnected at any time. When it is necessary to locate a gage at a different 
level than the connection, allowance must be made on the readings for the 
pressure of any column of liquid above or below the gage. On steam lines, 
condensate will form and cause incorrect readings. Gages may be secured 
with a set-back zero, but they are not generally recommended because of the 
difficulty of checking. 

Gage elements should be protected from high temperatures and corrosive 
materials if maximum service is to be obtained. A coil-pipe siphon on steam 
lines will collect the condensate and keep steam from reaching the element. 
Steel elements are generally specified for ammonia and alkali lines, Other 
corrosive gases and liquids can be prevented from attacking gage elements by 
means of oil seals во designed that, an inert sealing liquid is interposed between 
the element and the pressure system. Carbon tetrachloride and mineral 
oils are most frequently used. 

Rapidly fluctuating pressures are ordinarily objectionable as they make 
readings difficult. A “‘deadener” of fine tubing in a long coil inserted in the 
line is very effective, or devices known as “snubbers” and “ pulsation damp- 
ers" сап be used, In the Ray pressure snubber the restriction is the annu- 
lar passage formed by a hole containing a wire of size selected to give the 
desired restriction. The wire can move with pressure changes tending to 
prevent plugging by foreign matter. For a temporary condition the valve 
in the line may be partly closed. If it is desired to record the extent of the 
fluctuations as a clue to the causes of the disturbance, a high-speed strip 
chart or a rapidly turning round chart may be employed with any gage. . For 
extreme conditions the McCullom-Peters telemeter (q.v.) is more satisfactory. 

‘All gages should be checked periodically. U-tubes are the standard on 
the lower ranges, and an indicating test gage is generally used on the higher 
ranges. A/three-way cock mounted below each gage will permit ап easy 
connection of the test gage. The absolute standard for checking all higher 
ranges is the dead-weight tester already described, 

It is well to remember in planning piping systems for liquids that valves 
of the quick-opening variety are likely to cause water hammer. This may 
ensily ruin any pressure gage in the line, owing to the momentary overloads of 
500 per cent or more. The action of all valves should be smooth, 
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Measurement of flowing fluids can be divided into two broad classifications, 
quantity or positive meters and rate of flow or inferential meters. In the 
first type the flowing fluid is split into definite weights or volumes by the 
primary element, and the total numbers of such definite volumes or weights 
are totalized by some types of counter. ‘The second type measures the flow 
of a continuous stream, the primary element indicating the instantaneous 
value of the flow rate. Quantity meters can be further subdivided into 
weighing meters and volume meters. Rate meters generally used for indus- 
trial purposes employ (1) differential pressure methods; (2) flow through а 
weir; (3) area methods; (4) ealorimetrie methods; (5) dilution methods; 
and (6) impulse or turbine methods. 

Weighing meters are used for measuring flow of liquids, especially 
where grit or mud would interfere with the operation of the volumetric type. 
"The principle of operation is illustrated by the Cochrane weighing meter, 
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Fig. 36. Liquid flowing into the bucket is weighed by means of the weight 
placed on a scale beam. When the weight of liquid and bucket reaches a 
certain value sufficient to counterbalance the weight, the bucket sinks and 
releases the lateh which permits emptying. During the emptying period, 
inflow passes into a detaining chamber. The number of tiltings is trans- 
mitted to a counter. Recording is also possible—each tilt making a step 
on a chart for 10 steps, when the direction of the recording pen reverses to 
make 10 steps in the opposite direction. 


MEASUREMENT AND CONTROL OF PROCESS VARIABLES 


Receiving 


Fig, 36.—Cochrane weighing meter, 


Volumetric meters for liquids are of either the gravitational or displace- 
ment type. Gravitational meters consist of two types. The tank type 
depends upon the filling оба tank ог tanks which empty, when в certain volume 
has been attained, by tilting, float valves, or auxiliary power devices operated 
by float valves. Each emptying cycle operates a counter ог recorder. The 
rotary type consists of a drum divided into several sections us shown in 
Fig. 37, Water, admitted at the center, flows into the section immediately 
below it. As water fills the section, the 
center of gravity shifts, causing the drum to 
rotate. The drum is connected to а counter 
which registers the quantity passed through. 

Liquid-displacement meters are used 
principally for measuring water. For less 
than 1000 gal. water per minute, disk 
meters (see p. 866) are very common. 
Larger flows sometimes are measured with 
а combination disk- and-turbine meter, the 
former handling large flow. 

Piston meters are used for accurate 
measurement of flow, particularly for small 
capacities. In these meters a piston is 
forced back and forth, tripping a valve and reversing the flow as it reaches 
the end, 

Gas meters are of three principle types: (1) wet gas meters (sce p. 865), 
(2) dry gas meters (see p. 865), of the diaphragm type, and (8) cycloidal 
meters (see p. 2269) which are very similar to a two-lobed cycloidal blower 
of the Roots type. 

Certain types have, in addition to an integrator, a record chart on which 
temperature and pressure are recorded against flow volume, i.e., rotation of 
the chart is proportional to volume of gas flow rather than time. A time pen 
may also be added as well as a differential pen showing pressure drop across 
the meter. 


Fre. 37.—Rotary type of liquid 
volumetric meter, 


FLUID FLOW 2037 


Calibrated gas holders or " provers'"' of the ordinary water-sealed type 
are sometimes used for measuring gas, particularly for checking meters. 

For greatest accuracy with any of the foregoing meters, it is necessary to 
correct the volume for deviation from standard pressure and temperature. 
It should be noted that a variation of about 4-in. water pressure or 5°F. will 
causó а change of about 1 per cent in volume of standard gas. 

Differential-pressure Methods. Bernoulli's theorem (see p. 800) is 
в corollary of the law of conservation of energy which states that the total 


energy of unit weight of « continuous mass of fluid 
passing through an isolated system remains constant 
from point to point along its line of flow, without © « 
regard to what may be done with the fluid within the Ч 
system. An isolated system precludes the addition _ Fra. 38—Types of ori- 
of energy from the outside or the removal of energy fice- (а) Concentric; (b) 
to the outside. Hence, except for changes due to “entries (e) segmental. 
frietion or volume variation which change the heat content of the system, the 
total mechanical energy of the fluid will remain constant from point to point. 
Since variation in the heat content can be compensated or made practically 
negligible, these facts form the basis of two methods of flow measurement. In 
the first the velocity of the fluid is changed momentarily asit passes through a. 
constriction, and the resulting change in static head is taken as a measure of the 
velocity and hence of thé volume rate of flow. The devices for producing this 
change in statio head are as follows: (1) 
orifices and flow nozzles; and (2) venturi 
tubes (seo p. 848). Та the second method 
the yelocity head is measured direetly, 
without a change in velocity, by means of 
the pitot tube (see p. 836), and this 
measurement is converted into velocity and 
volume rate of flow. Огійсев (see p. 842) 
аге the most commonly used differential- 
pressure methods of flow measurement. Of 
the several possible types of orifice only two, 
the sharp-edged orifice in thin plate 
and the flow nozzle, are sufficiently repro- 
ducible for general use (see p. 843). The 
sharp-edged orifice (Fig. 38) is easiest to 
reproduce accurately, is least expensive, and 
refore is most used. This device is most 
often а circular hole in a metal diaphragm 
lá» to Мв in. (preferably the lower) thick 
(Fig. 38a), placed concentrically between 
flanges in the flow pipe. Occasionally it is 
preferable to use an offset orifice of either the 
eccentric (Fig. 385) ог segmental type (Fig. 38c). These orifices are useful 
where the fluid contains solids that might deposit against the upstream side 
of a concentric orifice and change its characteristics. То avoid this difficulty, 
one or the other may be used with the unobstructed side down so as to prevent, 
solids from accumulating. For conditions of widely varying flow, adjustable 
orifices of the segmental type can be used. Figure 39 illustrates such an 
orifice. The orifice height ean be adjusted within 0.001 in. 1638 used exactly 
as the segmental-type orifice. The Bailey Meter Со. also makes an automatic 
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adjustable orifice of this type which shifts automatically with major changes 
of flow rate. 

А multiple-orifice is made by the Meriam Co. which has four different 
sized orifices, any one of which can be revolved into place by loosening the 
gaskets of the orifice plate. 

‘The action of а concentric orifice may be observed in Fig. 40. Sudden 
constriction of the flow causes the jet to contract, below the orifice, reducing 
the flow to considerably less than the theoretical. In accordance with 
Bernoulli's theorem any change in the velocity through the orifice must 
change the static head at points on either side of the orifice. For any pair 
of such points the static-pressure difference will vary as the difference of the 
squares of the velocities at and before constriction, and it is this fact which is 
used in determining the flow rate. But 
there is also a static-pressure variation from 
point to point on either side of the orifice. 
An indication of the character of this varia- 
tion is given by the vertical lines in Fig. 40. 
It will be noted that the differential pressure 
A across the orifice will vary slightly depend- 
ing on the points chosen for the pressure 
connections. The pressure connections 
must therefore be made for any orifice at the 
same points used in calibrating the orifice. 
‘There are two principal methods of locating 
the pressure connections. In the first 
the upstream tap is connected at a point a 
before any change in the static head has 
taken place. The downstream tap is con- Вю. 40.—Concentrie orifice, 
nected at a point b, which is the point of showing methods of wena contracte 
maximum contraction of the jet and mini- and flange connection and indicat 
mum static head and is known as the vena, i£ variations in static prowure na a 
contracta, The distance of the пела con- orifice. 
tracta from the orifice plate varies with the 
diameter ratio, approaching the orifice plate as the ratio of orifice diameter to 
actual (not nominal) inside-pipe diameter increases. It also approaches the 
orifice plate with decreasing values of Reynolds number, but the Reynolds 
number is less effective than the diameter ratio, except at very low values of 
Reynolds number where there is a viscosity influence. 

Because with certain orifice ratios the vena contracta may be so close to 
the orifice that flanges interfere with the location of the pressure tap, it is 
sometimes desirable to use one of the offset orifices (Fig. 38, b and c), both 
of which have the property of pushing the тела contracta farther downstream. 

The second method of connecting the pressure taps, called flange connec- 
tion (Fig. 40, с and 4) locates the two taps in the flanges adjacent to the two 
sides of the orifice plate. The two methods give slightly different pressure 
differentials for the same orifice and flow. The differences are taken into 
account in the determination of the orifice coefficients. A third method 
occasionally used is to connect the upstream tap 216 pipe diameters above the 
Orifice, and the downstream tap 8 diameters below the orifice. Although 
this method permits considerable tolerance in tap location, the differential 
in this case is considerably smaller than that obtained by either of the two 
foregoing methods, and pipe surface has a greater effect on discharge coeffi- 
cients, creating inaccuracies. 
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It was noted above in connection with Fig. 40 that the jet; below an orifice 
contracts and reduces the flow to less than the theoretical. At the-vena 
Contracta the area of the jet is about 62 per cent of the orifice area. Also 
friction through the orifice reduces the flow 1 or 2 per cent below the theoreti- 
cal. The net result is that a sharp-edged orifice will pass only about 61 per 
cent of the theoretical quantity of fluid. This value, 0.61, is called the 
discharge coefficient. Its exact value varies slightly, depending on the 
"atio of orifice diameter to internal pipe diameter and the Reynolds number, 
£0 it must be determined experimentally. In practice, the discharge сое 
fient may represent more than simply the percentage of theoretical flow 
which an orifice will pass. It is also used to compensate for variation in the 
location of the pressure taps arid frequently includes 4 quantity known as the 
"velocity-of-approach factor.” These additional functions account in part for 
the variations in coefficient curves which are published by different investi- 
gators, 

Flow Nozzles, For very high flow velocity an ordinary orifice will not 
be sufficiently accurate. An orifice ratio, d/D, of more than 0.6 to 0.7 is 
Usually not recommended, because inequalities in the 
pipe may give rise to inaccuracies. Where the flow is 
Very high, this difficulty may be surmounted by using a 
Well-rounded orifice or flow nozzle which, for the same 
differential, is capable of passing considerably more fluid 
than a plate orifice of the same diameter. А flow nozzle 


tm 


№ в rounded, funnel-like aperture similar to Fig. 41. essre Zaps) 
Because the stream is constricted gradually, there ів pi, 4) туро doy 
little or no contraction below the nozzle. Hence the dis- ^'^ YE 


charge coefficient will range from 0.97 to 0.99 depending 

Оп smoothness and the accuracy of the design. For maximum accuracy each 
different, design of flow nozzle must be individually calibrated. Poor designs 
may have coefficients ав low as 0.00. 

Orifice Equations. Derivation of, and data for, orifice equations are 
Kiven in the A.S.M.E. Fluid Meter report, in the publications of the various 
meter manufacturers, and in Sec. 6 of this handbook. When primary elements 
Are purchased alone or with the secondary element, the calculations are 
Undertaken by the maker. 

Installation of Orifices. Careless installation can easily spoil the accu- 
тасу of a good orifice meter, For best results the orifice should be placed 
in в long, straight run of pipe with no change of direction or obstruction, 
Such as a valve or fitting, closer than 10 to 50 pipe diameters on the upstream 
Side; or 1 or 2 pipe diameters on the downstream side. It may, however, be 
Placed somewhat closer to а large-radius bend. Particularly if curves pre- 
Ceding the orifice are not all in one plane, в straightening vane should be 
Placed in front of the orifice not less than 6 pipe diameters upstream. Such 
Vanes cut the pipe for a short distance into a number of smaller, straight 
Passages and tend to eliminate turbulence and swirling. The Natural Gas 

\ssociation recommends the use of straightening vanes in gas metering 
Where any disturbance takes place less than 100 diameters before the moter, 
or where a pressure regulator precedes the meter by less than 200 diameters, 

lulsnting flow particularly must be avoided. Огійсев must be kept clean and 
Sharp. If solids build up around the upstream periphery, the flow will be 
increased and the accuracy badly impaired. Orifice fittings are available 
With which it is not necessary to shut down the line when orifice plates are 
Temoved to be cleaned or changed. - One such installation, the Byron Jackson 
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orifice fitting, utilizes two orifice plates. To remove an orifice plate from 
the line, a crank shaft is turned 180 deg., which lifts the plate through the 
crank arrangement into an upper chamber. А shutoff valve is then lowered, 
permitting a cap to be removed. 

Static-pressure-drop Recovery. Not all the orifice pressure drop 18 lost. 
In high-pressure metering, the permanent static-pressure loss ia not usually 
important. ‘The reverse may be true in low-pressure work. Тһе recovery 
.e., the differential reconverted to static pressure at a distance 4 to 5 diam- 
eters downstream) will vary between 5 to 30 per cent of the differential drop 
for the most frequently used d/D ratios (see Fig. 45, р. 2042). Where this 
loss is greater than permissible, a flow nozzle or 
a venturi tube may Бе substituted for the orifice. 
With large ratio nozzles, recovery up to about 
65 per cent of the loss is possible. With а 
venturi, up to 90 per cent of the differential 
pressure may be recovered. 

Seals and Purges for Orifice Meters. 
Where the fluid being metered will corrode the 
manometer or foul the manometer liquid, it is 
customary to provide a liquid seal іп each pressure line from orifice to manom- 
eter, as shown in Fig. 42a, 

If a condensable vapor such as steam is being metered, it is neces 
to provide small reservoirs above the meters, Fig. 42b, so that в substantially 
equal head of the condensed fluid will be maintained in each connection to the 
manometer. "These also serve as condensers quickly to replace any liquid 
lost through differential changes. Seals are also used when measuring liquids 
that will freeze, to make unnecessary the heating of the meter body and 
connecting lines. 

Purge systems аге sometimes used instead of seals to protect.a meter. The 
piping is arranged so that a small flow of inert gas or liquid, too small to 
upset the flow measurement, prevents the live liquid entering the meter and 
piping. Air, steam, water, and oil are common purge fluids. 

Orifice Meters. Orifice meters consist of an orifice and a differential- 
pressure measuring device which indicates or records the flow directly or 
indirectly. Differential measuring devices are of three types: (1) manom- 
eters, (2) liquid-sealed bells, and (3) mechanical diaphragm gages. Manom- 
eters are most generally used. For indicating meters, the manometer is 
usually a U-tube of glass or a single-tube manometer containing mercury, 
tetrabromethane, water, oil, or other liquid depending on the differential. 
For low ranges the tube may be inclined to spread out the graduations, 
Standard recorder mechanisms are also used. 

Recorders use all three types of differential-measuring mechanisms men- 
tioned above. А mercury-filled U-tube, in which an iron float rides on the 
mercury in one branch of the U; is most common. Motion of the float is 
transmitted to the recorder pen by mechanical or electrical means. Record- 
ing may be either in terms of flow ог in terms of the differential pressure. 
Mechanical and U-tube recorders are used for measuring differentials ranging 
from about 0.1 in. water upward. Since flow varies as the square root of the 
differential, flow graduated meters either must use non-uniformly divided 
charts or must use some device for converting to obtain the square-root 
relation, 

The most common type of mechanical flowmeter is the manometer and float 
type. Figure 43 illustrates the Foxboro manometer in which the float 
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Fro. 42.—Methods of sealing 
orifice meters. 
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motion is brought out by a small shaft lapped to so close a fit with ita bearing 
that a film of grease seals it for operating pressures up to 5000 Ib. per sq in. 
The end thrust is taken on a jeweled bearing. Similar construction is 
offered by Brown, 
Emco, Metrie, and 
Republic, and by 
Bailey and Builders 
lron Foundry with a 
stuffing box in place 
of n lapped bearing. 
The Tagliabue 
Manometer uses a 
pair of permanent Low-pressure 
magnets to bring out chamber 


the float motion, Y. 
One magnet turned Баб 

by the float inside а See) float 
Ton-magnetie cylin- t iy 


der uses a second Check valves-- 
magnet external to 

the cylinder to follow 

it and to move the 

vonnected pen. The А : 
Cochrane manome- 027949 
ter shown in Fig. 44 is 
suspended on knife- 
edges and differential 
pressure is communi- 
cated through flexible 
tubes. Changes in 
mercury level cause 
the entire manometer 
to tilt against the pull of the weight. Oil- and mereury-sealed Cochrane and 
Republic ring manometers operate similarly. 

The manometer shown in Fig. 43 has а uniform-interval differential seale 
or a square-root flow scale. The chain and sector FEET 
mechanism, like an equivalent lever device in the 
Emco manometer, avoids angularity errors in 
the differential scale: In the Foxboro, as in the 
Tagliabue manometer, by substituting a parabo- 
loid-shaped range chamber for the cylindrical one, 
a uniform-interval flow scale from about 10 per cent 
upward is secured at higher first cost and with the 
necessity for precise leveling and filling. Cams 
are used in Cochrane meters to produce manometer 
tilt directly proportional to flow, in Republic ring 
meters to convert manometer tilt, and in Builders 
Tron Foundry meters to translate float motion 
into uniform flow intervals. 

Bell manometers are ordinarily used for low differential ranges below the 
practical limit for float instruments. Nevertheless, one of the best-known 
bell manometers is the Bailey instrument, Fig. 45. The Ledoux floating 
bell used by Bailey and Simplex is so shaped in effective area and wall section 


Fu Foxboro mercury manometer mechanism. 


Fis, 44.—Cochrane mercury 
manometer, 
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that the balancing of pressure and buoyancy forces results in bell movement 
proportional to flow and hence in uniform interval flow scale from zero upward. 

Straight-walled bell manometers are widely used for measuring small | 
static and differential pressures. Since a single liquid-sealed bell with 
pressure connection inside suffices for statie pressure (Fig. 19, p. 2028), two 
bells mechanically opposed can be used for differential pressures. More 
common, however, is the use of 
a single bell enclosed for applica- 
tion of pressure on both sides. 
At low static pressures the mo- O 
tion may be brought out through. Rubber f] 
знеш asin the Bacharachinstru- je ° [0 [3 
ment, but usually the same 
pressure-tight bearings as serve | у - |E-Guae 
with float manometers are used. Beg ot _ link 
‘The pressure forces on the bell tss 
may be opposed by a calibrated 8 2 
spring as in Bristol and Fox- Mercury ---7 S V. ael 
boro bell manometers; hy J 
change їп bell buoyancy as in | 
Brown, Emco, Metric; by 
change in displacer buoyancy as = 
in Bacharach and Bailey; or by High-pressure 
а gravity pendulum, asin Ellison connection Mercury arain plug 
and others. In Bailey bell fio, 45. pailey Ledoux bell manometer, 
manometers the displacer is 
often shaped to produce a uniform interval flow scale. 

Mechanical diaphragm gages with fabric, leather, or metal diaphragms 
or bellows are now widely used interchangeably with liquid-sealed bell instru- 
ments on many applications. Figure 46 shows а Hays epring-opposed 
diaphragm unit. 

Electric meters, using electrical means for determining manometer 
response to pressure changes, are used where remote readings are desired 
beyond the 100- to 300-ft. ү 
practical limit of mechanical Avot Pointer- 
meter pressure connection. 2697/79: 
length. "hey often compete 
with mechanical meters 
equipped with pneumatic т 
transmission. Spring. 

The Brown electric 9675/0? 
manometer (Fig. 47) uses an ioci. 
induction balance somewhat Yearer > 
similar to that described on p. diaphragm High pressure 
2026. Position of the float is se tg ial OO EO, we 
reproduced by а similar divid- Fic. 46,—Hays differential mechanism. 
ed coil and plunger placed in the receiving instrument. The Cochrane elec- 
tric manometer is also of the induction-balance type, but does not, depend. 
upon the plunger pull at the receiving instrument to position the indicator, 
Instead a galvanometer is used to detect unbalance in the two inductance 
circuits and commands a servomotor so that balance is restored, 

The Republic manometer, indicated schematically in Fig. 48, makes 
use of an ascending spiral of metal rods with which the rising mereury in the 


low-pressure. Forked lever 
eonnection ~ / 
7 Spindle 


IST Scale. 
Adjustable 110k Calibrator spring 


Flexible eaffier seal 


Low pressure 
connection 
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low-pressure leg of the manometer successively makes contact. The rods 
are connected to resistance coils so that the total resistance is proportional 
to the height of mercury in the manometer. By making the spiral of varying 
Ritch, correction is |, 

made for the "НРО valve- 
square-root rela- 
tion between flow 
and differential 
Pressure, and the 


PLP Union valve 


chart divisions are i + Gasket 
ја а Equal 
Uniform, With  chsovervahe i 

is instrument в ә 
modified watt. Zomecap -11 Zero adjusting 
hourmetermaybe Zee |, Vibe 
used as an integra. /"dUcfance coil ~ Lock nut 
tor or totalizer of Armature ===>. -~--LP.Rainge tube 
flow, TheBailey Non-magnetic- e Mercury level 
electric manom- od LP Range tube 


eter hasa primary Terminal block. see == Pressure tight 
coil of insulated yarcyry reverse non-magnetic 
Wire wound on a О SRI tube 
aminated iron 

core, connected to fressure chamber. 
a 5-volt а.с, trans- Mercury over 
former. This i» /202 sèa/--—--— 
placed in the low- Lock put" 
Pressure chamber, U fube connector- 
and the mercury Mercury drain = 
rises around it as cA 


nih it. Cross. section diagram 
he differential in- pya, 47,—Brown manometer with induction balance for remote 


creases. The indication, 
meroury acts as 
the secondary winding of a transformer and admits more current to the p 
as the level rises, Electrical characteristics of this manometer automatically 
give indications directly proportional tothe flow. In- 
dicators and recorders аге operated by indicating, and 
integrators by totalizing, admittance meters. Elec- 
tric bell manometers are offered by Brown and Re- 
public. A tilting type manometer is used with a 
null-method measurement in the Centrimax made by 
Leeds and Northrup, Fig. 49. Manometer unbalance 
causes a magnetic switch to operate a motor driving a 
flyball governor which exerts a restoring force upon 
the manometer to restore balance. Since this flyball 
governor force is proportional to the square of the 
motor speed and since the manometer unbalance force 
is proportional to the differential or the square of the 
flow rate, the flow rate and motor speed are propor- 
tional to each other. Motor speed is integrated by а. 
counter to give total flow and is measured by a 
tachometer to give flow rate, both values being telemetered electrically. 
Recorder Auxiliaries. Flow recorders for gases often incorporate а 
static-pressure recording pen and sometimes a temperature реп. It is desir- 


Fro, 4S.—Dingram- 
matic representation of 
Republic electric manom- 
eter, 
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able that both should be used on industrial ga 
reducing the totalized flow to standard tem- 
perature and pressure. Some instruments 
incorporate a pressure compensator to reduce 
directly the totalized flow to standard pres- 
sure. For totaling the flow, two methods are 
available. In instruments not supplied with к 
а mechanical integrator, it is necessary to 242 
average the flow rate for а period, usually 24 Arum 
hr., after which the average multiplied by the 
time equals total flow. Temperature and 
pressure may be averaged by whatever ИУ 
method is used for flow and the latter cor- 
rected to standard conditions. This may be flybal/-- 
done visually for a number of short intervals system 
and the average of the averages taken, or it 

may be done by а radial or square-root planim- 
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s meters, This is to permit 


Downstream Upstream 


fap 


Magnetic switch. | 


eter. Many instruments, however, incorpor- Moor integrator! 


ate an integrator which saves much labor in р 40,1 


ls 


and Northrup null- 


totaling the flow. Bailey and Republic elec- method manometer. 


tric meters have electric integrators of the 


admittance and resistance-changing types, an instru- Mmoneershart 


ment similar to a watt-hour meter. Other meters 
employ mechanical integrators. One type is the 
automatic planimeter of which a typical example is 
shown in Fig. 50. A counter suspended from a 
pendulum is moved across a rotating disk driven by 
the clock. Position, and consequently speed, of the 
counter is proportional to the instantaneous rate of 
flow. The second and more generally used type is 
that in which at certain intervals, usually once per 
minute, a ratchet or clutch is caused to drive the 
counter a certain distance which is limited by a уа 
blestop, set by the recorder pen. One of the simplest 
is shown schematically in Fig. 51. А clock-rotated 
eccentric A causes a linkage to move the arm В up 
and down. Pulley C, to which is attached a cam D, 
is rotated by a string E attached to the recorder pen, 
thus assuming a definite position for each position of 
the pen. Arm В їп descending comes to rest on the cam D, 
which determines the length of its stroke and hence the 
amount added to the counter. The shape of the cam com- 
pensates the stroke for the square-root relation and makes it 
proportional to the instantancous rate of flow. 

Venturi tubes are used in place of orifices for applications 
requiring high accuracy or minimum pressure loss (see p. 848). 

As made by the Builders Iron Foundry, standard venturi 
tubes range in entrance diameter from 2 in., with metering 
capacity from 3 to 90 gal. per min., to 60 in., with metering 
capacity from 2780 to 81,300 gal. per min. Special meters 
may be built practically any віле. Smaller meters are usually 
made of cast iron with bronze throats and larger meters of 


Fic. 50 


Yakegrator disk” 
Moobani 


inte 


grator planimeter 


Intermittent 
integrator. 


sheet metal or concrete. Various interchangeable sizes of throat are available 
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for each standard size of venturi tube, as a means of changing therange. A 
Venturi tube will pass substantially as much fluid as a pipe of diameter equal 
10 the venturi inlet and outlet. 

Pitot tubes (see p. 837) are much used for portable and exploratory work 
but, because of the low differentials produced and the difficulties of calibration 
and clogging, are seldom used in permanent industrial installations. This 
method of flow measurement depends not on changing the velocity head 
as in orifices and venturi tubes, but upon the measurement of the difference 
between the impact and static heads of the fluid. In measuring this differ- 
ente, the two pressures are connected to the two sides of a manometer as 
in Fig. 52. The reading is the difference, or velocity 

ead, 72/20 multiplied by a calibration factor, when 
the velocity ean be calculated (see р. 837). 

Tn using a pitot tube, account muat be taken of the 
fact that velocity within the pipe is not uniform 
throughout the cross section. Velocity at the wall ої 
а pipe, when there are no disturbances (valves, لے‎ 
fittings, ete.) within 50 pipe diameters of the pitot Safe Es opens 
tube, is about one-half the center velocity. Average 979 
Velocity is at about one-fourth radius from the pipe Fi? 52—Турїга1 pitot 
Wall, Center velocity is about 20 per cent greater ан 
than the mean velocity on which the flow rate must be based. — It cannot, how- 
ever, be assumed that this is strictly the case when the pipe interior is rough 
oreontains disturbing elements. In accurate work, purticu'arly for permanent; 
installation, it is necessary to explore the pipe at 10 to 20 points to determine 
the location of mean velocity or to determine the percentage decrease from 
tenter to mean velocity (velocity factor). 

Industrial weir meters consist of an open or closed tank in one side of 
which is а partition containing the V-notch plate. ‘The notch should be cut 
in thin, corrosion-resisting metal such as brass or monel, not over Уба in. 
thick unless beveled on the downstream side. Edges should be sharp and 
Square. ‘The upstream tank should have a width not less than 7h (h = 
maximum crest height) and a depth beneath the 
vortex not leas than 3h. Baffles must be provided 
to prevent ripples. "The head may be measured 
by menns of a gage glass, hook gage, float, or by 
special means. According to the Bailey Meter 
Co., meters with a single notch for maximum 
head of 10 in. can handle up to 300,000 Ib. water 
ber hour and, for maximum heads of 15 in., up to ВНЕ Ge 
1,000,000 Ib” water per hour. By using some "yes of Bally weir meter, 
form of float, or displacer, weir meters may be ; 
made to record. In the Bailey meter two cast-iron displacers, hung from 
the ends of a balance beam as in ш. 53, are used to compensate for the 
exponential relation and to make displacement of the balance arm directly 
proportional to the flow. In the Cochrane meter, a cam is interposed 
between the float and the recorder pen to correct for the 55 power relation and 
give ап equally divided chart. Both meters are equipped with integrators. 

Area-type meters depend upon the maintenance of a fixed pressure 
differential neross an orifice of variable area. In the rotameter this is 
accomplished by using а rotor or float inside of a tapered tube. The weight 
of the rotor forms а constant head or pressure differential across the annular 
orifice; consequently increasing flows carry the rotor upward to а position of 


(а) 
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greater annular orifice ares. Since flow is proportional to the orifice area, 
а direct relation exists between height of rotor and flow, the calibration being 
an almost straight line. Rotameter tubes are made of either glass or trans- 
parent plastics. Metal rotameter tubes are available with an indicator rod 
attached to the rotor. A transparent sight glass is placed in front of the 
indicator rod. Remote indication instruments use a synchronous generator 
actuated by the indicator to transmit to а remote synchronous motor, or an 
induction-balance method. 

Rotameter Calibration. One 
disadvantage of the rotameter has __ 
been that a separate calibration had [ 
to be made for each fluid to ensure {7 
accuracy. Schoenborn and Colburn $ 
[Trans. Am. Inst. Chem. Engrs., 34, У 
9 (1939)] proposed a method where- 
by flow rates on one fluid can be 
predicted from calibration data on 
another fluid. See Section 6. 

Another type of area meter, also 
dependent upon the maintenance of а 
fixed pressure differential across an orifice of variable area, is the Isometer 
made by the Elgin Softener Corp. Downstream and upstream pressures 
aro exerted on either side of a piston, which also serves as в slide pilot valve. 
A weight is attached to the pilot valve to maintain a constant pressure 
differential. The pilot valve admits fluid pressure to the piston which regu- 
lates the height of the orifice. 

In the Brown and Cochrane area meters the rise and fall of a weighted 


— Heating circuit, Un 
Wheatstone brielecireuit 


L—Dingrammatie arrangement of 
Thomas calorimetric gas meter, 


plunger uncovering more or less port 
area is transmitted by the inductance- _Aotalizer dial 
bridge devives of those makers. = 


Calorimetric Flow Measure- 
ment. Adding а measured quantity 
of heat to a flowing fluid, to produce a 
constant. temperature rise, is an accu 
rate method of determining flow whieh 
records in weight-flow rate and does not 
require compensation for temperature 
and pressure. This is used їп the 
Thomas meter (Cutler-Hammer, 
Inc) which is designed for metering 
natural and manufactured gas. It 
depends for its accuracy on the fact 
that the specific heat of the gasremains 
substantially constant regardless of 
composition. Figure 54 indicates the 
principle of the meter. ‘Two resistance 
thermometers in the pipe, connected into two legs of a Wheatstone-bridge 
circuit, are adjusted to give zero galvanometer deflection for а 2°F. tempera- 
ture difference, А balancing device adjusts the current through the heating 
сой во as to maintain the 2°F. rise. А recording wattmeter in the heating 
circuit makes a flow-rate record and a watt-hour meter integrates the flow. 
Dilution or mixture metering (see p. 867) is now little used. 


Fie. 55.—Sparling turbine moter. 
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Impulse or turbine meters sre frequently used on liquids. Many 
of the large water meters are of this type. Figure 55 shows a Sparling turbine 
meter which is made in sizes from 2 to 60 in. or even larger. 

Flow Control. Instruments measuring flow rate can, with the addition 
of a pilot or electrically operated devices such as а valve or damper, be made 
to control flow. 
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Measurement and control of level may be accomplished by the use of floats, 
by hydrostatic or differential pressure, by differentia! temperature, or by 
electrical methods. 

Floats are applied to indicating, recording, and controlling of level. The 
Simplest indicator is one in which float movements are shown on a scale by 
the motion of a slider connected by a table going over a pulley. 

This device is generally crude. An electric contact may be 
fitted on the slider to make a controlling device. А more 
complicated indicator is the Liquidometer gage which с 
transmits the movement of a float to an indicating scale by a 
balanced hydraulic system (Fig. 56). Two bellows at the р 
transmission end are connected to а similar pair at the in- 
dicator, The whole system is filled with а liquid, so that, 
when a change in position of the float compresses one of the 
bellows and expands the other, the set in the indicator acts 
similarly but in the opposite direction. Compensation for ^7 

н 5 Fra. 56— 
temperature changes is made by the linkage in the instrument. yj u;dgmeter 
With changes in float position both bellows move in the same Jiquid-Jevel gage, 
direction at C, and rotation is about D. Temperature 
changes, however, cause equal expansion or contraction of both systems with 
movement in opposite directions, therefore canceling by turning about C. 
This system is also made for recording. Another distant-type indicator 
actuated by a float is the MacCreedy (J. H. Bunnell) which was designed 
especially for oil-tank farms. It is essentially a dual telegraph system 
operating on 24 volts direct current, Each l$-in. movement of the float in 
either direction sends an impulse which moves the receiving indicator. 

Recorders of the float type are 
numerous, ‘The differences are Em po 
chiefly in the mechanism used for ( ©7 i 
reducing the motion—rack and 
pinion, worm and gear, or pulley 
Methods of mounting charts and 
clocks differ in accordance with the с = 
reduction methods used. Figure Chart on dun’ eek bi 
57 shows one instrument of this p 
type where the chart is on а eylinder fa 
which is turned by movements of 
the float. The pencil is drawn 
lengthwise on the chart by в weight, the speed being governed by the clock, 

Level control by means of a float may be accomplished very simply with 
a valve directly operated by the flont arm (Fig. 58). This type is in common 
use. Or the valve may be placed at a distance by interposing rods and 
counterbalanced levers, For greater distances the float is made to operate 
pilot valve to control air, gas, or water pressure on a remote diaphragm 


брата 


Clock 


Fic. 57.—Float-operated líquid-level recordar. 
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valve. Direct-acting controllers of the liquid-flled type are also used. 
In these а bellows is compressed by the float to cause the expansion of a 
similar bellows mounted on the valve stem. Electric control may be obtained 
by the use of a mercury-bulb contactor so arranged as to be tilted by а float. 

Hydrostatic pressure methods of 
measuring level determine the weight or 
pressure of a column of liquid. For this, the 
various pressure indicators and recorders of 
the box, diaphragm, Bourdon, and helical 
types (g.v) are used. If the liquid be in a 
slightly raised tank or во located that the 
gage may be connected and mounted at or 
near the datum line, no change need be made 
in the standard pressure gage. For greater 
elevations where the gage must be mounted 
considerably below, the pointer may be set 
below zero to obtain ап instrument scale 
range corresponding with the tank level 
range. Setting back up to 300 per cent of 
the scale is possible. К. e apo томе 

For locations where the gage must be some ® . 5 —Float-type  liquid-levet 
distance from the point of connection, above 
the surface of the liquid, or otherwise so located as to make the standard ргев- 
sure connection impossible, a pneumatic transmission system is used, This 
consists of a metal bell or “sensitive bulb,” 
connected by a capillary tube to the instru- 
ment, the bell being open at the bottom ог 
covered with a flexible rubber diaphragm. 

"The air in the bell is at atmospheric pressure 

when no liquid is above it, but the pressure 

increases with the head. Various designs are 

available to permit connection to pipe lines, Fio, ба —Нудомане bells for 
for lowering into large reservoirs, and for "' вале measurement. 
almost any requirement. Several of these 

appear in Fig. 59. Most of the standard materials for corrosion resistance 
сап be used in making these forms. Open bells are usually provided with a 
hand pump for ocensional pumping out and filling of the line. 

‘Another method of gaging levels is by measuring the 
back pressure on an air line which goes almost to 
the bottom of the tank or storage space (Fig. 60). The 
line pressure is regulated with a needle valve во as to 
have air bubbling up from the pipe. Incidentally, this 
will provide agitation for mixing or keeping material 
in suspension. A small water line may be used 
similarly if conditions permit. 

Differential Pressure. As explained on p. 2028, 
pressure gages actually measure the difference between 
the pressure within and without the element or, in р 5 
other words, between the pressure at the location of Зорана дырын 
the sensitive bulb or pipe connection, and the atmos- 
рһене pressure. Where, however, the pressure at the connection is due in 
part to pressures greater or less than atmospheric above the liquid, as in closed 
tanks, it is necessary to use a different type of instrument. А two-element 


Pressure gage 
Constant 
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Pressure gage may be used to show the two separate pressures and the level 
Obtained from the difference. A direct reading is possible by the use of a 
U-tube, as in the King-Seeley Telegage, or any differential pressure element 
such as is used in orifice-type flow meters (see рр. 2040 to 2043). 

Differential Temperature. The difference in temperature between 

steam and water in a steam-boiler water column is utilized in several instru- 
ments for indicating, recording, and controlling boiler-water levels. The 
Bristol-Derr indicator and recorder amplifies this difference by means of a 
series thermocouple, wound on a brass tube which is connected parallel with 
the regular water column. The alternate junctions of the copper-eon- 
Stantan couples are placed at the top of the tube. 
‘The others are stepped up from the bottom. With 
по water all couples are at the steam temperature, 
and the instrument reads zero. Rising water cools 
more couples, and the millivoltage increases. The 
instruments are of the usual millivoltmeter type 
(see рр. 2062, 2064, and 2082). 

The heat of the steam above the water in a 
boiler is used for generation of steam ina separate 
system in several level controllers. Figure 61 
shows a generator composed of two concentri Е 
tubes, the inner connected to the top and bottom ^ 54/5555 
of the boiler. Water fills the annular section and избе on feed 
is converted into steam when a drop in level МИС 
increases the steam space in the tube. The conse- Fie. 61.—Generator for 
quent increase in pressure operates the feed-water атацы ا‎ 
inlet valve to which the generator is connected. sera ee prs 

Another level controller which functions by reason of this temperature 
difference in the water column is the Cope. In it temperature changes, due 
to boiler-level changes, expand or contract а brass tube, connected in parallel 
with the regular water column. Through n multiplying linkage, its changes 
in length operate the inlet valve. 

Electrical methods can be used to indicate or control high-low levels for 
electrolytes. An electrode is placed with its end at the level to be indicated, 
and contact with the electrolyte establishes a closed circuit. 


WEIGHING AND WEIGHT CONTROL 


Weighing is used for determining weight of stationary, continuous, or 
intermittently moving loads. There are four fundamental types of scale: 
(1) the equal-arm balance, (2) the spring balance, (3) the multiplying-lever 
or steel-yard balance, and (4) the pendulum balance. Industrial weighing 
makes use chiefly of the compound lever and pendulum scales, Spring 
balances suffer from spring hysteresis and are not recommended. Industrial 
scales may be classified as indicators, integrators, and controllers. Indicating 
and integrating seules are of several forms: platform scales, dormant, scales 
(platform scales flush with the floor), crane scales, tank and hopper scales, 
truck and track scales, and belt and bucket scales (these last for integrating 
continuous loads), 

Integrating or totalizing scales weigh both stationary and moving loads. 
In the stationary type the scales may be balanced automatically or by hand, 
Such scales usually print a weight ticket and simultaneously register the 
weight on a counter. The Merrick automatic scale balancing mechanism 
has а power-applying device which drives the poise backward or forward on 
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the beam whenever it is out of balance, until balance is restored. The poise 
is driven by a serew running through the center of the beam. Attached 
to the screw at the fulcrum end of the beam is a disk with rollers on its periph- 
ery. A small, horizontal motor-driven bolt makes contact with the rollers 
on both sides, When the beam is in the 
balanced condition, the disk is perpendicular 
to the belt and does not turn. When the beam 
leaves the balanced condition, the disk rollers 
contact the belt at an angle, causing the disk 
to rotate at a speed proportional to the degree 
of unbalance. This rotates the screw and 
moves the poise to the balanced position. 
Rotation of the disk is recorded on a counter. А 
This device is used for weighing any form of Даг bet rom conveyor 

load on platform or dormant scales, or in кү, 62,—Simplified repre- 
tanks or hoppers. sentation of Merrick weightom- 

Weighing continuous loads is accomplish- eter integrating mechanism, 
ed on а conveyor belt or bucket carrier. A 
section of the belt is suspended from the scale mechanism, and move- 
ment of the scale beam operates an integrator mechanism. In the 
Merrick Weightometer the load is balanced by a cylindrical displacer in в 
mercury container, resulting in в beam deflection proportional to load. 
‘The weight is integrated by means of a roller disk similar to that described 
on p. 2049, which is held in contact with the small driving belt at an angle 
proportional to the instantaneous load. The driving belt is driven at a speed 
directly proportional to the speed of the load belt, and hence the integra 
measures total load. The integrating mechanism is indicated in schematic 
form in Fig. 62. In the Chatillon Telepoise scale the beam is balanced 
for normal load by means of springs, Deviation from the normal load causes 
the beam to rise or fall by an amount proportional to the load. This position 
is converted into a series of electric impulses which register on а magnetically 
driven counter. The number of impulses for each rotation of the impulse- 
transmitting mechanism is proportional to the instantaneous load, and the 
number of rotations of the impulse mechanism is proportional to the speed 
of the conveyor belt. Hence the impulses per interval of time are a measure 
of the passing load for that interval. 

Weighting intermittent loads so as to approximate continuous flow 
is necomplished with liquids in weigh tanks; or with solids in hoppers or on 
double-belt weighers. Weigh tanks are used singly ог in pairs. ‘The scale 
is balanced for а definite load and, when that load is reached, the weight of 
the load automatically closes the intake and opens the discharge valve. А 
counter registers the number of fillings of the tank. ‘The action of weigh 
hoppers is similar, with the substitution of a feeder or gate-controlled feed 
hopper for the inlet valve. In the Syntron batch-weighing machine 
the material is fed through a feeder trough, which operates by means of 
vibration imparted by an electromagnet, into a rotating weigh hopper 
"When the weigh hopper approaches the correct weight, the feed is cut down, 
by decreasing the amplitude of pulsation of the electromagnet, to a small 
stream, until the exact weight is reached when the feed is cut off. The 
rotating weigh hopper consists of several sections; when the feed is cut off, 
the hopper rotates to discharge, and the next section is then filled. Photo- 
electrie devices аге now available for controlling different types of feeders. 
‘The weigh indicator intercepts а light beam to a photoelectric cell which 
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Operates a relay shutting off feed. For greater accuracy a second photo- 
electric cell is used for complete cut-off—the first only cutting off the feed 
toa “dribble.” Instead of a weigh 
hopper the Richardson Conveyo- 
weigh, indicated diagrammatically 
in Fig. 63, uses two belts, one a feed 
belt and the other a weighing belt. 
The feed belt delivers batches of 
equal weight to the weigh belt. 
When the weight on the latter tips | 
the seale mechanism, the circuit to a 
the feed-belt motor is broken and 
that belt stops. Meanwhile, the 
continuously operating weigh belt 
delivers part of its load, the scale beam rises, and the feed belt commences 
the next feed cycle. 

Weighing Controllers. Any form of automatic intermittent weigher 
may be used as a controller if it follows a definite time cycle, Otherwise a 
timing gear may be added. Con- 
tinuous-weight controllers have 
inherent timing. This type of equip- 
ment usually consists of a belt con- 
veyor driven at constant speed, part 
or all of which is balanced by a scale 
benm. Departure from the set con- 
trol rate tends to open or close a gate 
at the bottom of the feed hopper so 
аа to maintain constant weight-feed 
rate to the belt. Figure 04 shows 
how this is accomplished in the Hardinge constant-weight feeder, In- 
stead of the hopper the Syntron gravimetric feeder uses the vibrating 
feeder trough described above, and the variation of weight experienced by 
the belt conveyor changes the amplitude of pulsation of the 
electromagnet of the feeder trough, 

Proportioning. Maintenance of the flow of solids in a 
definite proportion to a liquid flow is accomplished by means 
of either intermittent load weight or continuous-weight 
controllers. One system uses в displacement flow meter to 
measure the fluid stream, and each time а definite quantity 
has passed through the fluid meter an electric contact operates 
the solid feeder for a definite time period. Tn another system 
a flow rate meter using the differential-pressure method is 
used to regulate the quantity of feed by а continuous-weight 
controller. Differential pressure from ва orifice or venturi is 
used to operate floats, which in turn operate an electric trans- 
mitter that sends out time signals to the weight controller. 


Сор ГУ 


Fio, 63.—Richardson Conveyoweigh, 


Тао. — 64.—Hardinge — constant-weight. 
feeder. 


"The Bailey coal meter (Fig. 65) measures solids flow in- Е 3 
directly in terms of volume. It is installed in a pipe not more malar. 5 


than 20 deg. from vertical and measures the volume flow of 

any granular material descending at a fairly uniform rate so ав to fill the pipe. 
It consists of a screw-shaped vane which is rotated by the descending solida 
and which in turn drives a counter. Probable accuracy on uniform material 
is one-third of 1 per cent, 
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TEMPERATURE MEASUREMENT AND CONTROL 


"Temperature is the condition of matter which determines the flow of heat 
between bodies. It cannot be measured directly but is readily determinable 
by various indirect methods in which physical or electrical properties of 
bodies, variable with temperature, are measured instead. Nor ean tempera- 
ture be measured by absolute standards. It must be determined in relation 
to the temperature of standard bodies under conditions of temperature that 
are known to be constant and reproducible. Thus а body which will, when 
placed in the same environment, neither lose heat to nor gain heat from melt- 
ing ice at atmospheric pressure is arbitrarily assigned a temperature of 0*C., 
32°F., 0° Réaumur, 273° Kelvin (abs, °C.), or 492° Rankine (abs. °F, = °F. + 
460°). Similarly, a body which will neither gain nor lose heat in contact 
with steam at atmospheric pressure is assigned a temperature of 100°C., 
212°Е., 80° Réaumur, 373° Kelvin, ог 672° Rankine. The range of tem- 
perature between the lower and upper standard temperature in the various 
cases is 100°C., 180°F., 80° Réaumur, 100° Kelvin, and 180° Rankine. The 
degrees in each case are equal divisions of the entire range. Temperatures 
above or below the standard ranges are allocated by extrapolation. 

Any given temperature on one scale is related to the corresponding tem- 
perature on any other scale by the fact that the range of units between the 
freezing and boiling temperatures (of water), although expressed differently 
on the various scales, refers to exactly the same temperature difference, On 
any scale the number of degrees from the freezing point to a given tempera- 
ture, divided by the number of degrees from the freezing point to the boiling 
point, is equal to the corresponding ratio for the corresponding temperature 
range on any other scale. The relations 


C. __Е.— 32 _ Réaumur Kelvin — 273 _ Rankine — 460 
100 180 na 80", 100 180 


therefore constitute the fundamental and easiest method for converting 
temperatures on one scale to those of another. 

Thermodynamic Temperature Scale. From a consideration of the 
part played by temperature in the theoretical Carnot cycle, Kelvin proposed 
a fundamental temperature scale which is independent of the properties 
of actual matter. On this scale the absolute temperature of the freezing and 
boiling points of pure water at a pressure of 1 atm. are proportional to the 
heat rejected and absorbed by a reversible thermodynamic engine operating 
between these temperatures, which аге then in the ratio of 273 to 373 on 
the centigrade scale. No actual thermometer gives results which correspond 
exactly to this scale, although the constant-volume gas thermometer 
follows it very closely when used with the “permanent” gases such as helium, 
hydrogen, and nitrogen. By correcting for the known deviations of these 
gases from the laws of perfect gases, it is found that only small corrections are 
required and that these are generally insignificant for engineering purposes. 

The constant-volume gas thermometer is used ошу as a fundamental or 
experimental instrument because of its inconvenience. Other more practical 
instruments have been devised and calibrated из of fixed points estab- 
lished by its use. А series of such fixed points for thermometer and pyrometer 
calibration appears in Table 1. Based on range, temperature instruments 
have been divided into thermometers for temperatures to about 1000°F., 
and pyromieters for temperatures above 1000°F., but this classification, 
never strictly valid, is now almost meaningless. Not only are elect 
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Tesistancel thermometers used at high temperatures as well as low, but also 
thermoelectric thermometers are used throughout the entire range of indus- 
trial temperature measurement. ‘Therefore, it seems practical to classify 
thermometers by mechanism or principle rather than by range. 


Physical Thermometers 


There аге three general classes of thermometer depending on physical 
changes: (1) those measuring а change in dimensions of a gas, liquid, or solid; 
(2) those measuring change in vapor pressure of a confined liquid; (3) those 
measuring a change in pressure of a gas. Most common, of course, are the 
liquid-in-glass (liquid expansion) and bimetal (solid 
expansion) thermometers of the first group, while all 
Eroups are represented in the "'pressure-spring" or 


"filled-system"' thermometers for industrial use. 
Glass thermometers filled with mercury are avail- 
Able for the range from —38°F. to +750°F. Using 


borosilicate instead of lead glass, mercury thermometers 
filled with nitrogen under pressure are satisfactory to 
950°F.; with Pyrex No. 172 glass they are useful to 
12009F. For temperatures below the freezing point of 
mercury, toluol, alcohol, or pentane may be used, having 
respectively freezing points of —143°, —171°, and 
—328°F, Glass thermometers are calibrated either for r, 68T 
total immersion or for partial immersion. Total-immer- „9ана 
sion thermometers, insufficiently immersed, will read low ^ thermometer. 

for temperatures above the surroundings and vice 

Versa, The stem correction for such thermometers is 


||| 7hermomeler 
|| 205 


Kn(T — 


Where C is the correction, degrees. For Fahrenheit thermometers, K equals 
0.00009; for centigrade thermometers, K equals 0.00016. The number of 
degree divisions of emergent mercury column equals n, T is the bulb tempera- 
ture, and ¢ is the mean temperature of the emergent column. Industrial 
thermometers (Fig. 66) are partial-immersion thermometers protected 
with a glass-covered metal scale and a metal tube or guard over the bulb. 
‘Thermometers of various lengths for temporary and permanent use, with 
soale faces set at various angles, are available. These instruments may be 
rend at a distance of several feet. For reducing temperature lag to the bulb, 
the protecting casing is usually filled with a heat-transferring medium. This 
may be oil, mercury, copper powder, or graphite; or a low-melting metal, 
depending upon the temperature. For measuring temperatures of gases the 
bulb guard is perforated to decrease temperature lag. For installation in 
corrosive mediums or pressure apparatus, standard thermometer wells are 
available. 

Bimetallic or differential expansion thermometers, formerly used only 
where simplicity and low cost were primary objects, are now available a4 
high-grade instruments. Thermometer bimetal consists of sheets of metal 
of relatively high and low coefficients of expansion, such as brass, monel or 
steel, and iron, nickel-iron, or invar laminated by welding, brazing, soldering, 
or even riveting. The bimetal may be used in strip form or coiled into spirala 
or helicals, The Weston thermometer is actuated by a multiple-layer helix. 
By close clearances between sheath and outer layer and between subsequent, 
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Fixed Points for Thermometer and Pyrometer 
Standardization 
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layers good responsiveness is secured. Ranges to 1000°Е. and accuracies of 
Vand 15 per cent are available. 

Pressure-spring Thermometers. The sensitive element of these ther- 
Inometers consists of a metal bulb joined by a capillary tube to some form of 
Pressure spring. This may Бе а Bourdon tube, a spiral or helix of flattened 
tubing (see p. 2029), a capsular element, or even a mercury manometer, any of 
which may actuate а pointer or recorder pen. 

Liquid-expansion thermometers are made in ranges between —170° 
and +500°F. for organic fillings and between —38° and +-1000°F. for mercury 
fillings. ‘The temperature scales are equally divided. Тһе organic fillings 
have a high expansion coefficient and require only very small bulbs permitting 
Rood responsiveness. The mercury filling has a low expansion coefficient 
requiring а larger bulb and an all ferrous construction. 
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Его. 67.—Methods of compensating pressure-spring thermometers, 


Compensation for ambient temperature changes is generally necessary if 
the capillary tubing is more than a few feet long, particularly with the organic 
fillings. Рог case compensation a bimetallic element connected to the measur- 
ing spring offsets the spring motion occurring as а result of spring temperature 
changes, or spring and tubing temperature changes (assuming tubing always 
at spring temperature) (see Fig. 67а). The tubing may be compensated 
separately and more exactly by the invar wire method, Fig. 67b. By proper 
Choice of tube and wire dimensions the differential expansion between the 
tube and wire may be made just to offset the expansion of the filling medium 
in that tubing. Complete compensation is also secured by the parallel- 
system method in which the case and tubing errors of the measuring system 
аге exactly offset in a second filled system, identical with the first except for 
omission of the bulb (see Fig. 672.) 

Vapor-pressure thermometers (Fig. 67d) are made in ranges falling 
between limits of about —25° and +600°F. The bulb systems are partially 
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filled with a wide variety of volatile liquids, of which methyl chloride, ethyY 
ether, alcohol, sulfur dioxide. benzol, toluol, aniline, or water are com- 
monly used. The temperature scale is unequally divided, the interval 
increasing with inereasing temperature. This characteristic is often utilized 
to increase readability in the operating range. Moderately small bulbs and 
high responsiveness—of great importance in control—are characteristic of 
vapor-pressure thermometers. 

While vapor-pressure thermometers require no compensation, they have 
certain limitations when required to cross ambient temperature. 
‘the bulb volume must be sufficient to contain the filling liquid whi 
from the spring and tubing when the bulb becomes the cold end (the bulb 
must be mounted at instrument level) or the “ double-filling” arrangement 
(with volatile liquid only in the bulb as shown in Fig. 67e) must be used to 
avoid fluctuating hydrostatic head corrections in the tubing. 

Gas-pressure thermometers are made in ranges between —300° and 
+1200°F. The gas filling is usually nitrogen. The temperature scale is 
uniformly divided. The bulbs are larger than other types of thermometers, 
and responsiveness is poorer both because of the bulb size and the low thermal 
conductivity of the filling. 

Gas thermometers do not require ambient temperature compensation, 
it being only necessary to make the bulb volume sufficiently large in compa 
son with the tubing and spring volume. Conveniently, there is no upper 
limit to bulb size, so that bulbs may be made as large 
ав necessary for mechanical strength or for averaging 
temperatures in large ducts. Where small bulbs are 
necessary, compensation can be added, but, as а 
result of the compressible filling in the gas ther- 
mometer, compensation is correct only at one tem- 
perature, usually mid-scale. Hence, the bulb volume 
remains large compared with other types of ther- 
mometers. 


Pressure-gage thermometers are available as in- 
dieators, recorders, or controllers. Indicators, also 
called dial and index thermometers, are similar 


to the pressure gage (Fig. 23). Electric contacts 
may be added for eontrol or signaling (see Fig. 8). 
Contacts are movable and may be either single or 
double. Recorders are available for all forms of 
chart, in any of the three classes, Up to four 
temperature elements, with four pens, may be had 
in a single instrument. Electric systems or pilot valves are added for con- 
trol (see p. 2019). 

Temperature regulators are usually pressure-spring thermometer 
tems which have no indicator or recorder attachment, but which move з 
valve, damper, switch, ete., to maintain a substantially constant temperature 
at the bulb. The simplest is the self-operated regulator (Fig. 68), usually 
vapor-pressure operated but also made in liquid-expansion types. The 
expansion element is usually a metal bellows connected by flexible tubing to 
the bulb. Temperature increase closes a direct-acting valve or opens & 
reverse-acting valve against a spring. The control point is adjusted by 
varying the spring pressure. Valves are of the balanced type and will 
throttle. For heating applications greater accuracy and closer control are 
obtained in a different type of regulator, whose bulb and tube system are 


self-operated 
ture regulator, 


етрега- 
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filled with liquid which overflows, with increasing temperature, into-the 
bellows. The bellows, located within the valve body, is exposed to the heat- 
ing medium, which vaporizes the liquid and thus positions the valve. Another 
type of controller utilizes a pilot valve, operated by a bellows which admits 

© downstream reduced pressure to a chamber above a diaphragm upon 
Whose other side is exerted the upstream pressure. The operation of this 
Valve is similar to а pressure regulator except that а vapor-filled bellows 
system actuates the pilot valve instead of 
a spring. Such regulators are cheaper than 
those using a pilot system but are not so 
accurate, The latter, of which Fig. 69 is а 
typical example, use air, water, or steam 
pilot valves to regulate a control valve, 
damper, ete. (see pp. 2019-2025). The 
control point is adjusted and indicated on a 
dial. Temperature regulators are alao 
made with bimetallic or differential expan- 
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Ёш, 69.—Typical direct-acting Fra, 70,—Турїоа1 air-operated bimetallic ten 
Air-opernted temperature con- perature regulator, 


roller, 


Sion elementa both in direct-acting and pilot or electrical types. A typicul 
lir-operated type is shown in Fig. 70. For description of diaphragm valves, 
WP Р. 2022. The selection of these will depend on whether the valve should 
be open or closed in event of pilot-pressure failure, or upon whether the action 
Of the valve should be open-and-shut or throttling, 


Electrical Thermometers 
су There are two classes of electrical thermometers: (1) résistance; (2) thermo- 
‘ectric thermometers, 
Resistance thermometers consist of а coil of wire of relatively high 
“tiberature coefficient of resistance, connected into one arm of a Wheatstone- 
о Чке cireuit, Resistan nee temperature of the eoil, is measured 
Ie т by balancing the bi noting the deflection of the zalvanometer. 
oris is the most accurate type of thermometer. Accuracy of one-quarter 
tha Per cent and better is possible in industrial instruments, which is closer 
han the chart can be read for long-range instruments at low temperature. 
sistance thermometers are of use between about —330° and +1800°F. 
Of Rêy be used to indicate or record one or more temperatures, the difference 
coa WO temperatures, or the average of several temperatures. Although the 
Sst Of а single-resistance instrument is two or three times that of a com- 
E le pressure-spring thermometer, the use of several bulbs recording or 
‘dicating on a single instrument may make multiple installations little 
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more expensive than an equivalent number of pressure-spring thermometers; 
Resistance thermometers may be cheaper for installations which require 
remote location of the bulbs. In the case of indicating instruments, the 
number of bulbs that ean be switched consecutively- to a single indicator is 
limited only by the frequency with which each temperature must be read, In 
recording instruments, up to 16 bulbs are switched automatically and consecu- 
tively to a single recorder, provided temperature changes are not too rapid. 
Measurement of an equal number of temperatures would require four 4-point 
pressure-spring-thermometer recorders which would cost nearly as much 
as а single 16-point resistance-thermometer recorder. Ап additional advan- 
tage of resistance thermometers is that their bulbs may be located at any 
reasonable distance, say up to 14 mile, from the indicating or recording 
instrument. The distance is limited only by the resistance of the leads. 

Resistance-thermometer bulbs are wound with platinum, nickel, or cop- 
per. Temperature coefficients of resistance of these metals follow simple, 
known laws with reasonable constancy. Although the assumption ofa 
straight-line law for platinum gives only small errors for temperatures near 
zero, the error becomes progressively larger with increasing temperature. 
‘Tho equation for platinum above —40°C. is 


R = Roll + at + bi) 


where R is the bulb resistance at any temperature 2; Ry is the bulb resistance 
uw 0°C.; and а and b ure constants. This relation is parabolic, and the bulb 
can be calibrated by the use of three fixed points, i.v., the temperatures of 
melting ice, boiling water, and boiling sulfur at atmospheric pressure. (For 
more complete information on the calibration of resistance thermometers see 
Wood and Cork, ''Pyrometry," pp. 69/7, McGraw-Hill, New York, 1927.) 
Platinum is used to 1800°F., nickel to 600°F., and copper to 250° to 300%, 
Except for very high temperatures, high-resistance bulbs are preferable in 
order to reduce the effect of line-resistance variation. Base-metal bulbs 
consist of metal coils sup- 
ported on an insulating 
rod or frame and enclosed 
in a metal tube,  Plati- 
num bulbs are preferably 
sealed in a quartz tube 
to obviate contamination 
at high temperatur 
Deflection Indica- 
tors and Recorders. 
Аз noted above, the re- 
sistance of the thermom- 
eter bulb is measured by 
means of a balanced or an 


Е Е fos Wools date 
bridge. The, unbal- ticmometere. (a) Unbalanced bridge; (b) balanced 
anced bridge, using the bridge, 3 ЕГУ "ту 
galvanometer deflection 

ив а measure of the temperature, is shown in Fig. 71а. А and B are ratio 
coils of equal resistance. C and D are coils of resistance equal to the 
resistance of the bulb at, respectively, the highest and the lowest tem- 
peratures for which the instrument is graduated. D ів used in standard- 
izing the battery voltage every day or two. To do so, the thermometer 
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bulb X is disconnected, and D is connected into the network by switch S. 
Rheostat R is adjusted until the galvanometer deflects to the lowest division 
оп the scale. Millivoltmeters are used as indienting instruments, together 
With a separate bridge box containing the bridge circuit and standardizing 
switch. Recorders are of the usual depreasor-bar roll-chart type with the 
bridge circuit installed either within the ease or in a separate box. Multi- 
Point recorders have a clock-driven commutating switch for periodically 
connecting the various bulbs into the network. 

In millivoltmeter instruments the small amount of power available from à 
falvanometer makes it necessary to add an auxiliary source of power to 
secure control action. The pointer may be depressed at intervals by в 
meter or solenoid-operated chopper bar to operate control or signal contacts, 
or an inductive or capacitive detection of pointer position (see p. 2021) may 
be used. 

Balanced or null-type instruments use a circuit similar to Fig. 715, 
Which is the one used in the Leeds and Northrup instrument, In the 
сане of indicating instruments the balancing is accomplished by hand, a 
single knob being used in the simultaneous adjust- 
ment of the two slide wires S and 8' until the 
Balvanometer deflection is zero. The resistance of 
the slide wires is so proportioned that the total 
resistance of the two ratio arms А and В, fixed coila, 
and their associated sections of slide wire, remain 
equal for all adjustments. At the same time the 
resistance of С varies and the bridge reaches balance 
when C has been made exactly equal to bulb X. 
The lead resistance is divided between the two 
arms C and X of the bridge and does not affect the 
balance. The three leads of each bulb must be 
identical copper conductors. 

Recorders. use ingenious automatic balancing 

devices to adjust the slide wires until zero deflection 
is obtained. The first widely used self-balancing 
mechanism is shown in Fig. 72. Galvanometer Fre 72—Leeds and 
ter A swings in a horizontal plane beneath two Northrup automatic cir- 
Normally horizontal fingers Band С. Periodically  cuit-bulancing device, 
п chopper bar D, driven by the recorder motor, ascends and, striking the 
Pointer, moves it upward a short distance. If the galvanometer is in the 
xero position, the pointer is lifted between the two opposing fingers so as to 
touch neither. If it should be deflected to one side or the other, owing to 
unbalance of the bridge, then it will strike and lift one or the other of the 
fingers, such as B, an amount proportional to the deflection of the galvanom- 
eter. "The finger pivots about Æ, and attached arm Р rotates clutch lever G 
in front of the disk М, As soon as the lever has tipped, а cam pushes the 
clutch lever back until cork pads attached to its ends engage the disk, and 
another cam striking the end of the lever G turns it until it is horizontal, 
carrying the disk through an angle 0. This returns the arms F and the fingers 
B and С to their normal positions. The slide wires are mounted on a drum 
turning with disk H. Rotation of the disk moves the slide wires under 
stationary contact brushes tending to bring the bridge into balance. 

Leeds and Northrup Micromax balancing device, which has superseded 
the mechanism described above, is a refinement which does not differ from 
it fundamentally. Periodically the pointer A is clamped in position by а 
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chopper bar, whereupon two vertical fingers, which replace fingers B and C, 
move in toward the pointer until they touch it. If the pointer is off center, 
one of the fingers stops before reaching the center while the other moves 
past center, turning the clutch lever @ by an amount proportional to the 
deflection, which then functions to rotate the disk Н exactly as in the older 
method. Quicker balancing without strain on the galvanometer is the 
advantage of the newer method. 

In both types, as soon as the movement of the disk has been completed, 
the clutch lever 6 is released, the galvanometer pointer A seeks its new posi- 
tion nearer the zero line, and the cycle described is repeated until the bridge 
is balanced. "The recorder pen is operated by the movement of the disk H 
For each position of the disk the pen has a def In multipoint 
recorders a print wheel, turned in synchronism with the commutating switch, 
replaces the pen. 

"The Tag Celectray balancing device utilizes a mirror galvanometer in 
which а beam of reflected light replaces the pointer. Movement: of the 
galvanometer causes the beam of reflected light to pass across the controlling 
edge of a photoelectric tube screen, which operates a reversing electric motor 
by means of relays. The motor in turn causes the moving contact to assume 
а new position until zero galvanometer deflection is obtained. 

Leeds and Northrup Speedomax balancing mechanism, while utilizing 
the bridge system, does not use а galvanometer. Instead, a carbon micro- 
phone actuated by an а.е, armature is introduced into the bridge circuit. 
This modulates any unbalanced direct current in the bridge cireuit, which 
also includes the primary of а transformer. ‘The secondary feeds an amplify- 
ing system, consisting of two opposed grid-controlled rectifier tubes which 
are connected to the exciting winding of a split-field motor. The motor 
positions  slide-wire contact. This instrument will cross the chart width of 
10 in. in less than 2 sec. without overshooting. 

The Bristol wide-chart recorder uses a feeler mechanism similar to 
that in Fig. 72 to operate contacts feeding а reversing motor. Rotation of 
the motor in accordance with the amount and direction of galvanometer 
deviation turns a screw moving the slide-wire contact along the straight slide 
wire. The pen mounted on the same carriage records the motions on the 
adjacent chart. 

The Bailey Galvatron (round chart) uses a similar contacting gal- 
vanometer but interposes an electronic relay system between contacts and 
reversing motor which drives the slide-wire disk and associated pen. The 
Bailey instrument, in the two-, three-, and four-record forms, has a separate 
slide wire and continuously recording pen for each record. Each unit is 
balanced in turn by the single galvanometer system. 

‘The Bristol Pyromaster (round chart) uses a Weston contact galvanom- 
eter to detect unbalance and to operate в small reversing motor driving the 
slide-wire disk. By means of a relay system, providing for a holding current 
to avoid chattering and releasing after an interval for a new determination of 
the circuit balance or unbalance, a step-by-step balancing action is secured. 

In the Brown balancing mechanism a stepped feeler table raised against 
the clamped galvanometer pointer detects its position and correspondingly 
selecta the direction and number of teeth picked up on the ensuing balancing 
gear stroke. The contact yoke for the spiral slide wire and the pen carriage 
drive screw are geared to the balancing gear. 

"The Foxboro Stabilog mechanism which first combined a potentiometer 
measuring system with a pneumatic control system is shown in Fig. 73. 
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A slide wire is set manually to the desired control temperature, and deviations 
from the control point are indicated by galvanometer deflections. At each 
balancing stroke the galvanometer is clamped, its position detected by the 
Curved cam and translated without lost motion into flapper motion which 
in turn results in control action tending to return the process to balance. 
‘Thus, although the measuring system alone is a deviation instrument, when 
combined with the throttling reset-type control mechanism and the process, 
it becomes а null type or self-balancing instrument. 

A similar balancing mechanism is used in the wide-chart recorder. As 
With all recording controllers, the accuracy here cannot be closer than the 
turn-to-turn slide-wire interval, a limitation which is avoided in the non- 


recorder described above. 
Air лее 
-Nozzle arm 
Lifter pin 
Flapper 
essor arm. A) 
r Lifter arm 
/ Galvanameter. 
 Depressor pir. p» | * сой Я 
Drive сат 


Detector сат- 


Galvariemeter 
pointer ~ 
Scaleàdjuster 


Fie, 73.— Foxboro Stabilog mechi 


, Control equipment can be built into any of these recording instruments. 
Electric and pneumatie systems are available for two and more position con- 


trol or signals and for throttling or proportional position control with or 
Withou 


Automatic reset. In the Leeds and Northrup instruments contact- 
ting cams mounted on 
A wide variety of equivalent 
ual recorder (and control-equipment) design 


divi 
ailable on other makes. 

Multipoint controllers are widely used as alarm instruments. Under 
Suitable but infrequent conditions they may be used for control of separate, 
Not too rapidly responding processes. Selector switches provide for sequen- 
tial connection of appropriate control circuits as well as measuring circuits. 

Deviation instruments are those in which the setting of the control 
temperature adjusts a slide wire so that the instrument is balanced when the 
temperature is correct. They are frequently used as controllers. A simple 
Shopper bar mechanism operates contacts or pneumatic pilots whenever the 
Valvanometer deflects owing to variation of the temperature, 
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Accessories, For use in multiple-indicating and recording installations, 
various forms of switching equipment are available (see p. 2065). Standard 
thermometer wells are available for corrosive, high-pressure, and high- 
temperature service. 

‘Thermoelectric Pyrometers (see pp. 2653 and 2703). А thermoelectric 
pyrometer consists of thermocouple, millivoltmeter, and lead wires to connect 
the two. In 1821, Seebeck discovered that a current would flow through 
two dissimilar wires welded together at the ends, when one junction was at в 
higher temperature than the other. Practical application of this discovery 
is made in the thermocouple. Two wires of dissimilar, pure metals ог 
alloys are joined at one end by fusing together. The fused end is the hot 
junction. The unfused ends are connected through suitable leads to в 
millivoltmeter which completes the circuit. The point at which the thermo- 
couple wires join the leads is the cold junction. When the hot juno- 
tion is heated, the e.m.f. generated is approximately directly proportional 
to the difference in temperature between the hot and cold junctions, and the 
millivoltmeter may be calibrated in terms of this temperature difference. 
It is customary to assume a cold-junction temperature of 32°F. and to 
compensate for variations in cold-junction temperature. Depending on the 
metals used, the e.m.f.-temperature-difference relation approaches more ог 
less closely to a straight line. Requirements for a suitable thermocouple 
include approximation to the straight-line relation, ready reproducibility, 
constancy of calibration, reasonably large e.m.f. per degree temperature 


Table 2. Composition and Upper Temperature Limits for Thermo- 
couples for Continuous Service 


Approximate 
stink = 


‘Copper (-+-)—vonstantan (=). 


Chromel (+)—vonstantan (—) 


Tron (-+)—eonstantan ( с; Ni| 140 


9055 Ni; 10% Cr 


Chromel (4-)—alumel (—)...... * a; ^ Ni; 2% Al; | 2200 
3% Ма: 1% 

(Platinum rhodium) (--)—platinum (—)........ UB UN Bh н 

(Platinum rhodium) (+)—platinum (—)........ на НЕ 


3000, for intermittent service. 


difference, and reasonable cost. Table 2 shows the thermocouples most 
generally used, their composition, and the upper limits of temperature to 
which they may be used for continuous service. Thermocouples are of two 
general sorts, (а) noble metal and (b) base metal. The noble-metal ther- 
mocouple uses one wire of platinum and one of platinum-10 per cent rhodium 
or of platinum-13 per cent rhodium giving a slightly higher e.m.f. Standard 
wire diameters range from 0.015 to 0.024 in. Because of volatility platinum- 
iridium couples are no longer used. Figure 74 shows the temperature-e.m.f. 
relations between platinum and various other wires used for thermocouples: 
At any temperature the vertical distance between any two curves is the 
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e.m.f. for a thermocouple using those two wires. Note that the e.m.f. is 
small for noble-metal thermocouples, necessitating more sensitive instru- 
ments. Furthermore, noble-metal thermocouples, being expensive, are 
made of small wires having high шу 


resistance; whereas base-metal T Todd =| 

thermocouples, being inexpen- & al : 

sive, may be of low resistance, 8 LOSS T NES 
Thermocouple Mounting. $ E 3 

"Thermocouples:may lose their } = == E 

calibration more or less rapidly "ГЕ mST Ed 

and require discarding or recali- 4 i. 10 = 45 

bration as a result of composi- ‘$ E20 EM 

tion changes, Except at low ^p 

temperatures or in the absence i 

of a contaminating atmosphere, "50 7 20030 400 500 600700 80 HO OTUD TON: 

all thermocouples require some Degrees Centigrade 


protection. Noble-metal ther- 
mocouples are particularly 
affected by reducing atmos- 
pheres. Iron-constantan thermocouples are affected by oxidizing; and chro- 
mel-alumel thermocouples, by alternately oxidizing and reducing atmospheres. 

A thermocouple mounting consists of suitable protection and a terminal 
head for connecting the leads, Protection is of three sorts: (1) insulation 
for the wires, (2) primary protection tube to avoid contamination, and (3) 
secondary protection tube to protect the primary tube. All three are 
desirable for severe conditions. All thermocouples require insulation. 
"his is provided by means of single- ог double-hole porcelain or lava tubes 
through which the wires are threaded. Over this assembly the primary tube 
is slipped and joined to a terminal head by some form of gas-tight connection. 
Secondary tubes may: be either joined to the terminal head or supported by 
the apparatus. Figure 75 shows a 
typical mounting for a noble-metal 
thermocouple. Complete protection, 
аз shown in the illustration, is usually 
desirable for noble-metal thermo- 
couples. Porcelain or silica tubes 
should be used for primary protection 
and are recommended for secondary 
protection unless greater mechanical БЕН Toe ДЫ. 
strength is required. Metal protec- metal thermocouple, 
tion tubes used for secondary protec- 
tion are not во long lived at high temperatures as are ceramic tubes, For 
base-metal thermocouples the range of materials used for protection tubes is 
very wide. As the information is highly specialized, manufacturers had best 
be consulted in specific enses. 

Noble- vs. Base-metal Thermocouples. Up to 2200°F., choice between 
noble- and base-metal thermocouples depends on cost and continued aceuracy. 
Platinum thermocouples cost several times as much but last many years 
if properly protected and maintained. Base-metal thermocouples require 
frequent checking if used at high temperature. The long-run cost of 
noble-metal thermocouples may be less. In a large heat-treating plant, 
vost per couple per year, including maintenance, was $3.50 for platinum 
thermocouples, 


та. 74.—Temperature-e.m.f. relations of wires 
for thermocouples, 
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Calibrating and Checking Thermocouples. All new thermocouples 
are annealed above the maximum operating temperature {о ensure homo- 
geneity. Heterogeneity will later develop in base-metal thermocouples, 
and any thermocouple may become contaminated. If the thermocouple 
can be removed, it is best checked against a standard thermocouple at; one 
or more temperatures in a bath of molten metal such as tin, covered with 
graphite to prevent oxidation; ог in molten salt or in sulfur vapor. If 
thermocouples must be checked in place, the hot junction of the standard 
thermocouple must be ав close as possible to that of the couple undergoing 
test. Contaminated couples can only be checked in place, as varying 
the thermal gradient will vary the couple output. This is simplified by 
using & secondary protection tube large enough to admit the standard 
thermocouple. 

Cold-junction Corrections. Since the e.m:f. generated by a thermos 
couple is proportional to the difference in temperature between the hot and 
cold junctions, cold-junetion temperature must be known before the hot- 
junction temperature can be determined. As instrument calibration is 
based on some standard cold-junction temperature, variations from aetual 
cold-junetion temperature will be reflected in the indicated temperature. In 
base-metal thermocouples, cold-junction temperature rise is approximately 
equal to the number of degrees that must be'ndded to the indicated tempera- 
ture. Approximately half the cold-junction rise must be added in case of 
noble-metal couples. The exact correction varies with the thermocouple 
and with the hot-junction temperature. Tables of exact corrections may 
be obtained from manufacturers. Formerly, the cold-junetion temperature 
was made constant by jacketing the terminal head of the thermocouple, 
using a steam-heated or thermostatically controlled, electrically heated 
junction box; or by burying the cold junction 6 to 10 ft. underground where 
temperature will not vary more than about 5°F. throughout the year. These 
last methods are not much used at present since modern instruments incor- 
porate automatic cold-junction compensators. These require that the cold 
junction be at the instrument. 

Extension leads make it possible to extend the cold junction to any 
desired distance from the couple. With base-metal thermocouples such 
extension leads are made of the same metals used in the couple or of cheaper 
or lower resistance base-metal combinations having the same thermoelectric 
properties in compensation temperature range. With noble-metal couples, 
extension or compensating leads, consisting of в copper wire connected 
to the platinum-rhodium wire and а copper-nickel alloy wire connected to 
the platinum wire are used. Using extension or compensating lends, the 
point. where the copper leads to the instrument. are connected becomes the 
cold junction. This may be nt the instrument or at any point between 
the instrument and the couple. 

Millivoltmeter Indicators and Recorders. The e.m.f. produced by a 
thermocouple may be measured by (1) а millivoltmeter or (2) a potentiometer. 
Since potentiometers measure potential without drawing current, the effect. 
of variable line resistance is eliminated. Millivoltmeter instruments, 
however, are calibrated for а definite line resistance. For accuracy, a reason- 
ably constant line resistance must be maintained. Poor connections, 
oxidation, breakage of several wires in a stranded lead, or temperature 
changes in the leads may introduce inaccuracy. These errors are minimized 
in high-resistance instruments which must be correspondingly sensitive and 
high-priced. Lead resistance should be checked occasionally. 
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Millivolimeter instruments are similar to those described on p. 2082. They 
are of high resistance, recorders being mainly of the roll-chart type (see p. 
2018). Most millivoltmeters incorporate automatic cold-junction compensa- 
tion as described below. 

Cold-junction correction is spplied in several ways. Instruments not 
otherwise compensated are provided with а zero adjustment for setting 
the pointer to take саге of a known cold-junction temperature. If the cold 
junction is brought to the instrument by means of extension or compensating 
lends, а bimetallic spiral attached to the moving system of the millivolt- 
meter may be used to shift the pointer automatically an amount equal to the 
cold-junetion correction. 

The Wilson-Maeulen system impresses a compensating e.m.f. on 
that produced by the thermocouple. А Wheatstone bridge within the instru- 
ment is connected in series with one lead. One of the four bridge resistances 
is temperature sensitive and causes the compensator bridge balance to vary 
With ambient temperature, permitting more or less current from the bridge 
battery to flow to the millivoltmeter to correct the couple em.f. 

Multiple Selector Switches. | Within the limits imposed by the speed 
of the temperature fluctuations, any number of thermocouples may be 
connected in turn to a single instrument. Recorders use an automatic 
commutating switch driven by the recorder clock or motor for series 
connecting the several thermocouples to the millivoltmeter. Couple capacity 
ranges from 6 to 16 points maximum, varying with strip-chart make and type, 
down to 2 points for round-chart types, except Bailey 4. Indicators use 
a manually controlled switch which operates by the rotation of a brush contact 
over stationary contact buttons; by the pushing of individual buttons or 
toggle switches; or by inserting plugs joined by cables to the instrument into 
sockets connected to the thermocouples, as in a telephone switchboard. If 
both indicating and recording instruments are to operate in parallel on a 
multiple installation, the resistance of the millivoltmeters must be high in 
order that the connection of two instruments simultaneously to a single 
thermocouple shall not produce a low indication on both instruments. It is 
preferable to use а special cut-out switch which disconnects the recorder 
whenever the indicator is connected to the same thermocouple. This is 
conveniently included in the toggle-type selector-switch mechanisms. 

Potentiometer instruments are either of the fully bnlanced (null) 
or of the deflection type. In the first the instrument tary 
is fully balanced so no current flows through the 
galvanometer, In the second the instrument is par- 
tially balanced, and the galvanometer shows deviation 
from the fally balanced condition. A simple poten- 
tiometer circuit is shown in Fig. 76. The potentiometer боди 


consists of three circuits shown respectively in solid ры 
lines, dash lines, and dotted lines. The potentiometer Fg 
circuit (solid lines) is adjusted by means of the rheostat Las у аповтаћсећ 


R against the standard cell (Weston unsaturated 
cadmium type) with switch S thrown to the right. 
When the galvanometer shows no eurrent, the poten- 
tial drop through the slide wire AB is equal for the 
battery and the standard cell. Then the switch S 
is thrown to the left, and the potential due to the thermocouple is determined 
by moving the sliding contact X slong the slide wire until the galvanometer 
rends zero. Calibration of the slide wire shows what proportion of the 


Couple 

Fie. 76.—8imple po~ 
tentiometer pyrometer 
cireuit, 
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potential drop due to the battery is equal to the e.m.f. generated by the 
couple. Instead of being calibrated in terms of e.m.f., the slide wire may be 
calibrated in terms of temperature. In indicating instruments the slider is 
adjusted by hand and its position is shown on a temperature seale. 

In recorders the slider is adjusted automatically by. the same mechanisms 
that are used in resistance thermometers (see р. 2059). In certain models 
the battery rheostat Е is also adjusted automatically at frequent interyals. 
In others a temperature-compensated battery provides a stable current 
output over long periods. In another type the battery voltage is recorded 
at intervals for reference. 

Automatic cold-junction compensation is furnished on the potontiom- 
eter-type thermoelectric thermometers and on many indicators, | Figure 77 
shows a typical arrangement of the cold-junetion boc 
compensation. The thermocouple is connected е 
through the galvanometer, not to the end of slide 
wire as in Fig. 77, but to the junction of two 
coils bridging the slide wire. The left coil, wound 
with nickel wire, increases in resistance with rising 
temperature, in effect shifting the thermocouple fer Je 


end up the slide wire to compensate for the dimin- НС (7) 

ishing couple output with rising cold-junction 7? U^ боду 

temperata [. لرا‎ 
‘The temperature-sensitive compensator coil is парова! 

ordinarily mounted on the terminal board of the "s 


instrument adjacent to the thermocouple cold 
junctions. In some instruments provision is made. 
for location of the compensator in a remote junc- 
tion box to permit ordinary copper leads from the. 
instrument to the junction box. In other instru- 
ments the compensator remains in the instrument and an auxiliary compensa- 
ting couple is carried to the junction box. This requires a pair of alloy leads 
instead of three copper leads. 

Deflection potentiometers differ from Fig. 76 in the fact that the slider 
X normally is stationary. The amount of unbalance of the potentiometer is 
indicated by the galvanometer. Unless the temperature change is greater 
than can be shown by full deflection of the galvanometer, X need not be 
djusted. This type is used in indicating instruments, often controllers. 
In certain laboratory types the slide-wire contacts are spaced at intervals of 
several degrées or perhaps 1 millivolt. A variable resistance in the gal- 
yanometer circuit compensates for changes in resistance of this circuit when X 
is moved. 


Thermocouple 
Fu. 77.—Automatic cold- 
junction compensation, 


Temperature Measurement above 1000°Р. 


Miscellaneous instruments for the measurement of temperatures above 
1000°F. are of three types: (1) fusion, (2) calorimetric, (3) optical (mono- 
chromatic radiation), and (4) total radiation. Fusion of solids has two 
pyrometric applications. The small pyramids made of mixtures of oxides, 
known usually as Seger cones, are useful for the approximate measurement 
of temperatures by steps averaging about 36° from 11009 to 3700^F, Thei; 
principal use is in ceramics where they are considered indispensable, not 
because of high temperature accuracy but because their temperature-time 
performance is similar to that of the materials being fired. Also it is easy 
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to distribute them throughout a kiln or furnace charge to study temperature 
gradients. 

The melting points of metals are often used for standardizing pyrometers. 
Table 1 includes melting points of certain metals and salts that can be used 
in the pyrometrie range as well as for thermometers. In 
using this method, the readings of the pyrometer should 
be plotted against time, with the temperature of the metal 
bath both ascending and descending through the transition 
point, ав їп Fig. 78. This assures its correct location. 

Calorimetrie or water pyrometers are seldom used at 
present and need no description other than to mention 
that the temperature rise of a known weight of water, in 
а container of known weight and specific heat, is used to perature-time 
calculate the temperature of а piece of metal, of known curves as used in 
weight and specific heat, which is placed in the water. librating thermo- 

Optical Pyrometers (see Radiation, pp. 1002 and 1029. couples by fusion- 
According to the Stefan-Boltzmann law (seep, 1008), a black Point method. 
body (theoretical body which absorbs all incident radiation and reflects none, 
radiating only in proportion to its temperature) gives off total radiation in 
proportion to the fourth power of its absolute temperature. Since many 
heating operations (i.c, objects inside furnaces) are carried out under 
approximately black-body conditions, two methods based on radiation of 
cundescent bodies are used for high-temperature measurements, The first: 
method (optical pyrometry) measures the intensity of monochromatic radia- 
tion; and the second method (see cred Glass toad o . 
below, Radiation Pyrometers) higher temperatures 
measures total radiation. A law 
formulated by Wien and reformu- 
Inted more exaetly by Planck shows 
the intensity of radiation of any 
given wave length to be complex 
relation between the wave length 
and the absolute temperature, 
Hence, having measured the inten- 
sity of a known wave length by 
visual comparison with a standard, 
the temperature may be caleulated. 
Instruments based on this method 
аге suitable for temperatures from 
1400? to 5000°F., with an accuracy 
in commercial instruments under 
best conditions of 10° to 20°. The Fia. 70.—Morse type optical pyrometer. 
presence of flames and smoke may (Leeds and Northrup.) 
introduce very large errors. Radiating objects in the open may rend low, 
although oxides, such as scale on an iron billet, will often reduce the error 
to small proportions. 

The Morse type of disappearing-filament optical pyrometer (Leeds 
and Northrup) is shown in Fig. 79. A single wave length is selected by a 
red glass filter, and the intensity of radiation of this wave length from the 
radiating source is determined in comparison with an electrie-lamp filament, 
which is viewed against the radiating source. The lamp current is varied 
until the filament disappears, and this current, as read on an ammeter, is 
taken ав а mensure of temperature, In the “F and F” pyrometer (Scientific 
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Materials Company) the lamp current remains constant, and the apparent 
intensity of the radiating body is varied to secure a “match” by rotating a 
wedge of absorbing glass. The thickness of the wedge ut the point where 
the filament just disappears is taken as a measure of temperature. Та 
hoth instruments the temperature range may be changed by the use of 
absorbing screens. To measure temperature where metallic oxides exist 
and radiation intensity varies, the Bi-optical Pyrometer (The Pyrometer 
Instrument Co.) matches the color instead of the brightness. Two wedges 
are used: one to obtain an intensity match and the other to obtain a color 
match, The absorbing wedge for obtaining an intensity match is like the 
опе described above and functions in the same manner. The other wedge 
is а bichromatic wedge that permits only red and green light to pass through. 
By varying the position of the wedge, a different intensity ratio is obtained 
for the two colors, so that a yellowish-white light can be obtained. This 
color is matched against a standard lamp—and a “color” temperature is 
obtained. A third form of optical pyrometer, the Wanner, uses в direct- 
vision spectroscope and polarizing prisms to isolate monochromatic radiation. 
‘The operator, in looking in the eyepiece, sees two half-disks, one monochro- 
matic light from a standardized electric light and the other from the radiating 
body. Rotation of the analyzer for the beam from the standardized lamp 
decreases its intensity until a “match” ia obtained between the two half- 
disks, Rotation is taken аз a measure of the intensity of radiation from the 
source in comparison with the standard, and hence of the temperature. The 
lamp is standardized periodically by sighting on a standard amyl acetate 
lamp. 

Photoelectric optical pyrometers have been developed recently. In 
one type, the Brown Optimatic, two photoelectric cells are used: one to 
view the temperature to be measured; the other to maintain automatically 
в relative value of conductivity proportional to the first cell, illuminated 
by astandard lamp. Current in the standard lamp is 4 measure of the tem- 
perature. Another type, Bristol's Electronic Instagraph, uses а Weston 
Photronic cell behind a band-pass filter in the receiving tube, and a potentiom- 
eter amplifier is used to amplify the current. A direct-murking type-recording 
milliammeter graduated in degrees temperature is used as the measuring 
instrument. This instrument is suitable for temperatures to 2250°Е. 

Radiation Pyrometers (see Radiation, pp. 1002-1029). Instead of 
monochromatic radiation, this class of instrument measures total radiation. 
As in photoelectric type optical pyrometers the measurement does not depend 
on visual comparison and hence may be used for indicating, recording, and 
controlling instruments, using millivoltmeters or potentiometers as tha 
indicating mechanism. Radiation elements are used not only in ranges up to 
3300°F.—beyond the range of couples—but also in much lower ranges to 
measure temperatures of moving or otherwise inaccessible bodies. "The Féry 
Pyrometer uses a concave mirror to focus radiation on a small thermocouple, 
which is protected from direct radiation. ‘The instrument is sighted on the 
radiating source through a telescope and the conéave mirror moved backward 
or forward until the image of the source, as reflected by two small inclined 
mirrors placed near the thermocouple, becomes circular, indicating correct 
focus, In fixed-focus instruments, such as the Thwing (Fig. 80), the thermo- 
couple is located near the apex of a conical mirror. Many radiation elements 
use lenses instead of mirrors to focus the radiations on the thermocouple or 
thermopile, sometimes mounted in важио. Lens types cannot be used below 
80°F, 
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Radiation pyrometers are made їп portable forms. One made by Leeds 
and Northup uses a lightweight radiation tube and an indienting potenti- 
ometer with neck strap. Another form, the Pyro pyrometer, made by 
the Pyrometer In- OR ее 
ا‎ ylon-reflecting surfaces mirror: iminron 


ed, the millivolt- 7- | 

meter being built 7 

into the instrument. Xr 7 - 
Still another form is “Winimemangleatseurce  Themocouple hot junction 
the mota}sýiral Fic. 80,—Thwing radiation pyrometer. 


radiation pyrometer 

originated by Féry. Radiation is focused on a very small bimetallic spiral, 
which, in increasing in temperature, tends to uncoil and move a pointer on 
а scale. 
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Several variables frequently met in plant operations depend primarily 
on the composition of the material. Where variation in the proportions of 
one or more components of a mixture (gas, liquid, or suspension) occurs, the 
variation may often be measured and controlled by measuring and controlling 
one or more properties of the material. Conversely, it is often possible to 
control these properties by controlling the composition of the mixture. If 
the properties сап be measured, they can usually be controlled automatically. 


The principal properties of gases, liquids, and suspensions that are used 
measuring and controlling composition are as follows: 
Liquids Gasos 
Density and specific gravity. Density and specific gravity. 
Viscosity. Humidity 
Calorie value. Calorie value, 
Electrical conductivity. Composition, by automatic analysis, 
Hydrogen-ion concentration. Thermal conductivity. 


Refractive power. 


Colloids and Suspensions 
‘Consistency. 


Density, Specific Gravity 

Density is defined as weight per unit volume. Specific gravity of liquids 
and solids is the density compared with that of water at 4°C.; and of gases, 
density compared with air at 32°F. and 14.7 Ib. per sq. in. abs, Specific 
gravity (or density) of liquids is determined: (1) by weighing a known 
volume, or weighing equal volumes of water and the liquid and comparing 
(pyenometer); (2) by determining the loss of weight of a plummet of known 
volume weighed in air and in the liquid, or by comparing the weight of a 
plummet of unknown volume weighed in water (at 4°C.) and in the liquid 
(Westphal balance); or (3) by means of hydrometers (see p. 776), ће, 
weighted glass floats which sink in the liquid to a depth dependent on the 
density, which is read at the liquid line on a calibrated stem extending above 
the liquid. Hydrometers are calibrated (1) in terms of specific gravity of 
liquid at 60°F., compared with water at 60°F. (called sp. gr. 60°/60°F.); (2) 
in percentage of a substance in a solution or mixture; or (3) in arbitrary 
divisions such as degrees Baumé (Bé.); degrees A.P.I. (American Petroleum 
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Institute); degrees Twaddell (Tw.), used in England; or degrees Brix (also 
called Fisher). 
For liquids lighter than water: 


140 
Dee 24 
eg. Bé = 60576058. ~ 180 
Deg. A.P.L 
Deg. Brix = = 400. — 400 


зр. gr. 60°/60°Е. 


For liquids heavier than water: 
145 

sp. gr. 60' 

Deg. Tw, = 200(sp. gr. — 1) 

Deg. Brixt = arbitrary graduation 


Deg. Вё. = 145 — 


о correct hydrometer readings for departures of the liquid from the ealibra- 
n temperature, the coefficient of expansion of the liquid near the working 
temperature must be known. 

Density recorders for liquids operate on a variety of pi 
Bailey gravity meter (Fig. 81) several 
large volume displacers ure hung from a 
balance beam within a pressure-tight tank ==: 
and immersed in the liquid which is flowing 
through the tank. The beam is counter- 
balanced by а number of plates of less 
volume than the displacer, but of equal Covnfer-. 
weight, hung from the other end of the balances 
beam. A pendulum, attached to the center 
of the beam at the fulcrum, causes the beam 
to assume a definite angular displacement 
for each specific gravity of the liquid. 
Temperature changes are compensated by 
ng as displacers expansible containers 
filled with the liquid to be measured. The 
beam displacement is therefore independent 
of temperature. This displacement is com- Ft 81—ВаПеу specific gravity 
municated through a magnetic transmission meter. 
to the recorder реп. The device may be used as a controller by the addition 
of electric contacts or pilot air valves. 

The Anubis liquid gravitometer actually weighs a given volume of 
liquid. Liquid flows into and out of a counterweighted bulb through tubes 
‘acting аз a spring balance. Movement of the bulb, with change in specific 
gravity, is transmitted through а linkage to a recording реп. Temperature 
compensation is provided in some models, For corrosiye liquids the bulb 
and tubes are made of pyrex glass ог some other suitable material. 

Standard differential recorders may be connected to serve as gravity 
recorders by weighing a column of the unknown liquid. The methods of 
application are extremely varied to fit the variety of application conditions. 


Tn the 


* Used in the United States principally for petroleum products, 
180 graduated that 1° Brix = 1 per cent sugar in solution; used ax а saccharimeter, 
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A simple and effective device for controlling the underflow of thickeners 
is the Thyle density-control valve. This device continuously weighs a 
certain volume of the sludge discharge and regulates a valve to control the 
rate of efflux to maintain constant density. 

Gas density is measured ordinarily by weighing a definite volume in 
comparison with air. In the Lux recorder the gas passes slowly through а 
chamber containing a liquid-sealed floating bottom connected to the recorder 
pen and counterweighted to assume a definite position when the chamber 
contains air. This is shown diagrammatically in Fig. 82. In the Ranarex 
instrument (Permutit Company) (Fig. 83) the 
density of an unknown gas is compared with the 
density of а standard, such as air, by comparing 
the torque exerted on paddles by whirling columns 
of the two gases, set in motion by fans. Each gas 
flows continuously through a chamber. ‘The com- 
parison of torques is made by a mechanical linkage 
joining the two paddles and connected to the 
indicator pointer. This also operates a recorder 
pen. The device may be calibrated in terms of 
density (specific gravity) or in percentage of onê 


Ig. AX — gas- Fic. 83.—Mechanism | of 
density recorder, (Alpha Ranarex gas-density recorder. 
Lux Qo.) (Permutit Co.) 


component in a mixture of gases. Another type, the American Meter 
gravitometer, admits gas to а chamber at a pressure of 30 in. of mercury 
through a diaphragm-reducing valve weighted by air pressure at 30 in. of 
mercury absolute. Pressure differential across a synchronous motor-driven 
centrifugal fan is used as в measure of density. 


Humidity 


In previous sections (рр. 1079 and 1479) the methods and theory of humidity 
regulation and air conditioning were considered. It is proposed to treat 
here the mechanisms used to indicate, record, and control humidity. 

The amount of water in the air may be determined as the actual quantity 
in a given volume (absolute humidity, expressed in grains of water per 
cubie foot of air or grams per cubic meter). Or it may be determined as 
the relation between the quantity of water in the particular sample and the 
quantity there would be in an equal volume of saturated air at the same 
temperature and pressure (relative humidity, expressed іп per cent). 16 
is well to bear in mind, however, that changes in temperature cause changes 
in volume, and hence this basis is a shifting one. Recent experimental work 
uses the weight of dry air as а basis. Absolute humidity is then expressed 
as grains or pounds per pound of dry air and percentage absolute humidity 
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as the relation between the weight of water per pound of dry air in the sample 
and weight of water per pound of dry air were it saturated at the same tem- 
perature and pressure. The percentage relative humidity and the per- 
centage absolute humidity will not agree and will differ more widely at the 
higher temperatures. 

Relative humidity is the commonly accepted measure in industrial work. 
"The numerous instruments developed to determine it may be divided into two 
groups: hygrometers and psychrometers. 

Hygrometers (see рр. 1086 and 1087) depend for their 
operation on the expansion and contraction of certain 
hygroscopie substances with variations in the moisture 
content. This moisture content changes as the humidity 
of the surrounding air varies. The materials commonly 
used are wood, paper, silk, animal membranes, and hair. 
The Bahnson humidifler is controlled by the expansion 
and contraction of wood. ‘Three blocks of pine, cut hori- 
sontally across the grain, are placed between the adjusting 
serew and the lever (Fig. 84). The blocks will each 
expand about 14 in. for a change from 0 to 100 per cent 
humidity. ТЫ movement shifts the needle valve thro 
the lever to affect the flow of water to the humidi 


Fio. $4.—Bahn- 
th e son — wood-block 
The Bahnson master control uses a strip of special humidity control- 
paper and a multiplying lever to operate a toggle switeh ler, 


which closes the circuit to я motor valve. 

Strands of silk and hai sed in several recorders and controllers. The 
general arrangement is as in Fig. 85. The arm may have a pen mounted on 
the end so as to mark on a drum chart, or it may be made to operate a pilot 
valve. The membrane type is similar in 
arrangement. All the usual air- and electric- 
control systems can be operated by hair and 
membrane elements. 

Hygrometers must be checked against some 
standard. Once set, these instruments will 
operate with fair accuracy over the ordinary 
working range. In general, hygroscopic ma- y chart 
terials do not expand exaetly with the humid- 
ity. There is a falling off from the curve at 
temperatures in excess of about 150°F. For pi. 85 Hair 
controlling, or for recording in а narrow range, ОЕ 
this error is not of consequence. Care must be 
exercised to keep the elements clean and in a current of air to avoid the intro- 
duction of a lag in the readings. 

Psychrometers function by reason of the drop in temperature due to 
evaporation of water. This drop varies directly with the rate of evaporation, 
and this, in turn, is inversely proportional to the amount of water vapor in 
the air, Thus, if a thermometer bulb is covered with a thin film of water 
and air passed rapidly over it, the temperature will fall a definite amount 
dependent on the initial temperature and the amount of moisture in the air, 
provided the air velocity is sufficiently great. The minimum is usually set 
at 15 ft. рег sec. From the initial or dry-bulb temperature and the difference 
or depression of the wet bulb, the relative humidity may be calculated (р- 
1085). Intermittent or check readings аге usually made with а sling psy- 
chrometer consisting of two glass-stem thermometers mounted in some 


hygrometer 
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mechanism for whirling rapidly, one bulb being covered 
cotton wiek as in Fig. 86. 

Records and control of humidity сап be ob- 
tained by the use of two-pen thermometers of the 
types described on p. 2055, with one of the bulbs 
moist and the other dry. For this reason these 
Psychrometers are frequently termed “wet- and 
dry-bulb thermometers.” If the air circulation at 
the bulbs is not sufficiently great, a small motor fan 
may be used to suck air over the bulbs. Means for 
keeping the bulb moist have heen the subject of 
much work and discussion. The most common is 
the cotton wick, a piece of cotton which has been 
boiled to remove any sizing or grease. ‘The thick- 
hess seems not to be of so much importance as the 
porosity and ability to absorb water. Since this is 
dependent on the cleanliness, wicks must be changed 
frequently, the period varying with the amount of 
dirt and lint in the air and the amount of dissolved 
воћав left behind by the water. The wick is made 
large enough to cover the bulb and to dip into a 
Water reservoir mounted beneath it. The water is 
maintained at a constant level by a float valve, an 
overflow, or an inverted bottle. With an overflow, 
à needle valve should be connected in the water line ў 
to provide close adjustment. Scenes 
A method of eliminating the changing of wicks ів ^ 8 
1 alundum sleeve which fits over the bulb. Water 
is admitted to the inside and seeps through the pores. When properly install- 
ed and operated, the solids from the water as well as dirt from the process 
remains on. the surface of the sleeve, whence it 
falls off or is ensily wiped off. 

The Parks-Cramer humidity controller 
employs no wick. "he arrangement is as in Fi, 
87, with air being sucked over the dry bulb by 
the spray, which saturates it before it passes 
Over the wet bulb. The spray water must be at. 
the approximate temperature of the wet bulb, 

Leeds and Northrup have produced a direct- 
reading relative-humidity recorder operating 
from wet- and dry-bulb resistance-thermometer 
elements, A complex seli-balancing Wheat- 
stone-bridge circuit interprets the two separate 
sistance values in relative-humidity percentage. 

Wet- and dry-bulb thermometers are naturally 
limited to temperatures between the freezing and 
boiling points of water. In addition, certain — 
errors are encountered in both the lower and the 
upper portions of this range. These are not of 
great consequence where comparative readings 
only are desired in order to duplicate conditions. 

The automatic control of humidity (see p. 1103) may be accomplished 
by the use of two-element temperature controllers of the types desoribed on 


Sling paychrom- 
eter. 


Fic. 87.—Parks-Cramer hu- 
Ану controller. 
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pp. 2019 to 2021 and 2056. The dry-bulb instrument or element then con- 
trols the temperature by a valve in the steam line to the heating coil. The 
wet bulb controls a valve in the water or steam line to the spray nozzles. 
Or, in cireulating-air dryers, а damper may be shifted to govern the amount of 
saturated nir taken from the circuit and fresh air admitted. Another method 
is to circulate the air through a chamber where it is cooled and saturated at 
the proper dewpoint and then heated to the desired temperature. 

Absolute Humidity (see p. 1083). The actual moisture content of the 
air may be determined by absorbing the water vapor from a known volume 
of air or by observing the temperature at which dew forms on а polished 
metal surface (the dewpoint hygrometer). The General Electric dewpoint 
potentiometer was recently developed especially for determining humid- 
ity of gases at high temperature by the dew-point method. Gas is passed 
continuously over a polished metal mirror opposite а sight glass, Cool- 
ing of the mirror for low dewpoint temperatures is accomplished by cool- 
ing gas issuing from a jet. For high dewpoint temperatures the mirror 
heated by a lamp. А fine wire thermocouple measures the temperature 
at which moisture appears on the mirror. 


Viscosity and Consistency* 


Viscosity of fluids is the measure of resistance to fluid shear at any tem- 
perature, Displacement of the fluid continues at a constant velocity, depend- 
ent on viscosity, as long as constant force is applied. In true fluids, there 
is no elastic limit that must be first overcome, In plastic flow, deformation 
will take place, but not beyond a certain limit until the force exceeds a definite 
yield value. "This property is known as consistency and is exhibited by 
colloids and by suspensions. Very dilute suspensions, in general, show 
negligible variations from viscous flow, however. Concentrated suspensions, 
such as paper stock, exhibit а form of plastic flow, and the term “consistency” 
is the best that cnn be applied. 

Measurement of viscosity is accomplished by two principal methods: (1) 
timing the efflux of a definite volume of liquid through a short tube; or (2) 
measuring the shear of a fluid in an annular space between concentric cylin- 
ders. Less used methods include timing the fall of a ball through a fluid 
and timing the flow through a capillary tube. Method (1) is represented 
by the Saybolt Universal, Engler, and Redwood, etc., viscometers where 
a definite volume of fluid at a definite temperature is timed in flowing from в 
short tube. Viscosity is expressed in seconds (Saybolt seconds, ete.). Рог 
viscous flow through the tube, 

# — 0.200 — 180 

я 0.220 7 
where д/р is kinematic viscosity; 9, Saybolt seconds; и, the viscosity relative 
to water at 68°F. (centipoises); and p, the specific gravity of the liquid at the 
iemperature of the test, Method (2) is represented by the Stormer and 
‘MacMichael viscometers (see р. 1529). In the former the outer cylinder 
is а stationary cup, and the inner cylinder is timed for a number of revolutions 
under the application of a known force. In the latter the outer cup is rotated 
at known speed, and the foi ding to turn the inner cylinder is measured 
in terms of the torsional stress in a supporting filament. These instruments 
are usually calibrated with water as unity. 


* See See. 6, Flow of Fluids. 
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None or the instruments described above are well adapted to recording or 
to automatic control Variations, however, of several of them are used. 
lf а constant volume of liquid be passed continuously through a short fric- 
tion tube, the magnitude of the upstream pressure, as shown by an indicating 
ог recording pressure gage, 18 a measure of the viscosity at the existing tem- 
perature. By controlling the temperature or controlling the mixing of 
ingredients, viscosity control can be effected by such a device. ‘The Bradley- 
Osbourne viscosity controller (Fig. $8), made by Thyle Machinery Co., is 
bused on the principle of the Mac- 
Michael instrument. A cylinder 
driven by a motor through gearing їз 
placed in the liquor conduit. Vis- 
tous resistance to the rotation of the 
Cylinder tends to rotate the motor 
and gear case which are suspended 
from the cylinder shaft. As the 
motoris counterweighted to maintain 
а definite position when there is no 
lond on the cylinder, the degree 
of rotation of the motor assembly about the shaft is proportional to the load, 
and hence to the viscosity of the liquid. Mercury contactor awitehes attached 
to the motor serve to open or close а heating or dilution valve and to maintain 
the desired viscosity (or consistency). Position of the motor may be recorded 
ав viscosity on а position recorder. 

Consistency controllers, as used on paper stock, usually measure the 
torque required to rotate n paddle at constant speed in the stock. This 
measurement may be accomplished by means of a controlling ammeter or by 
any mechanical method of torque measurement. For control, the torque 
indications may be transmitted mechanically or electrically to a dilution 
valve and so control dilution rate as to produce constant consistency. 


Fw. 88,—Bradley-Osbourne viscosity 
controller. , 


Calorific Value 

‘This is used as a control property, principally in recording the quality of 
fuel gas; and in mixing gases, such as natural, coke-oven, or water gas. "There 
are available a number of rather 
orude gas testers which deter- 
mine heating value roughly as a 
funetion of density and calorific 
, by determining the 
quantity of air required to burn 
the gas with a certain character 
of flame, In calorimeters the 
heat produced in burning a 


known value of gas is trans- 
ferred to a known weight of F!G.S9-—Diagrammatie arrangement of Thomas 


Sitar op Јетра и ач calorimeter. (Cutler-Hammer, Inc.) 
and the temperature rise noted. The flow of the heat-absorbing fluid is ordi- 
narily continuous. Calorie value is calculated from the known weights and 
specific heats and the temperaturerise. Several automatic and manually oper- 
ated calorimeters are based on this principle. In the Thomas calorimeter 
(Cutler-Hammer, Ine.), air is the heat-absorbing medium as shown in Fig. 89. 
Separate interlocked water-sealed meters provide constant proportions of 
lieat-absorbing air, gas, and combustion air, all at substantially atmospherio 
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pressure, The temperature rise of the air is measured in terms of calorific 
value of the gas by means of two resistance thermometers T; and T's, connected 
io а Leeds and Northrup temperature difference recdrder (see p. 2059). 
When two gases of different, but substantially constant, heating value are 
being mixed to produce a mixed gas of constant value, electric contacts on this 
calorimeter will control the mixing. One gas is supplied at constant rate and 
the other at а rate controlled by the calorimeter contacts which operate a 
reversing motor valve. 

If the heating values of the two gases change rapidly, the control described 
has too much lag, and an auxiliary quick-acting calorimeter is used. This 
consists of a motor-driven pump for gas and air, and а combustion tube in 
which the temperature of the heat-absorbing air causes a thermostat to make 
high or low contacts, depending on whether the air temperature is above ог 
below the set point. The thermostat controls the mixing valve, while the 
Thomas recording calorimeter, described above, keeps a check on the quick- 
acting calorimeter, correcting the proportion of hent-absorbing air to gas 
burned in the quick-acting calorimeter, if the latter tends to control too high 
or too low. 

Some combustible-gas detectors are closely allied to calorimeters. In 
the Bacharach, Mine Safety, and Union Carbide types а metal filament 
enclosed in safety screens is connected as one arm of a Wheatstone-bridge 
circuit. When it is heated by the bridge current, any combustible gas in the 
surrounding atmosphere burns on its surface, raises ite temperature, and 
changes its resistance. This is indicated on the bridge galvanomoter. In 
the Mine Safety carbon monoxide recorder, the temperature of a catalytic 
material known as Hopcalite is raised by the oxidation of any carbon monoxide 
in gas passing through it at constant rate. This temperature is measured by 
я thermocouple and recorded as per cent carbon monoxide. Concentrati 
ва low ns 2 parts per million can be measured. 
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Gas Analyzers 

A mixture of gases may be analyzed by measuring the volume decrease of 
the sample when several components are absorbed, one by one, in various 
solutions, The principle of the familiar Orsat ana- 
lyzer is the basis of most manual and automatic gas 


analyzers. The Orsat instrument consists of a Hater, 
measuring burette, a leveling bottle for moving gas MET. 
and adjusti ssure, and absorption pipettes for ¢ 

djusting pres sorption. pip for | АВ 
removing the several gases. A simplified Orsat $e», Level 


analyzer with one pipette is shown in Fig. 90. The seray 
leveling bottle is used to draw gas into the measuring 
burette where its volume is adjusted to atmospheric 
pressure, after which the displacement water (or other 
confining fluid), which must be well saturated with 
the gases, is used (о force the mixture successively 
into the several pipettes. During absorption of any 
component, when there is no further decrease in 
volume, this is taken as complete absorption. Total 
gas volume is measured after each absorption to show 
the percentage of that gas in the original sample. In the Hays Orsatomat 
gas is drawn into a measuring chamber by tilting the apparatus. The meas- 
uring chamber is open to the atmosphere through the outlet line. Tilt- 
ing in the opposite direction causes the gas to pass into the absorption 


Fig. 00.—Bimplified 
Orsat gas analyzer. 


CONTROL BASED ОМ COMPOSITION 2077 


chamber, at the same time sealing the outlet line. Absorption of the àbsorb- 
ЗЫе gas causes a decrease in pressure and is indicated by the bellows which 
is used as a measure of the gas composition. Рог flue gas the first absorption 
Pipette contains strong KOH solution (1 part КОН, 2 parta Н:0) for absorb- 
ing COs; the second pipette, alkaline pyrogallol (1 part pyrogallol апа 3 parts 
Water plus ап equal volume of the above KOH solution) for absorbing О: 
and the third pipette, СизСЬ for absorbing CO. This is made by mixing 
together in a large bottle containing scrap copper, 150 g. CusOls and 1 1. 
1.12 sp. er. commercial HCl, The KOH solution absorbs about forty times 
its volume, the pyrogallate about twice its volume, and the Cu:Cl solution 
only about its own volume. 

Automatic Orsats generally analyze a mixture for only one gas. They 
are operated by siphoning water, or by electricity, and are supplied by a pump, 
aspirator, or exhauster with the gas to be analyzed. Тһе Hays CO; recorder 
uses an aspirator and water siphon. This is shown schematically in Fig. 91: 
With water at level 1, aspirator A draws gas through pipe B, measuring 
burette С, and tube D until the water level in tank Е reaches 2, when it seals 
Band D. Water continues to rise toward 3, forcing the surplus gas into the 
rubber “atmospheric” bag P. At level 3 this is sealed off, and the sample, 
at atmospheric pressure, is of definite volume. As the level continues to rise 
toward 4, the gas in B and С is forced through capillary tube 6, then to the 
KOH pipette where, as the KOH is displaced into 
the storage tank Г, the CO: is absorbed by KOH Water 3 
retained in the steel-wool packing of H. The А Motion fo, 
volume of KOH forced from level 5 up into the | “үн, 
compression chamber J then depends on the per- 
centage of COs absorbed. The bottom of the 
calibrating tube К, which is open to the atmos- 
phere, corresponds to the level 6 renched for the 4 
theoretical maximum СОз (20 per cent). Less 4 
(СО; causes a greater rise to such a level as 7. 
Hence air is trapped in the upper part of J and a 2 
bellows L operates the recorder pen to register the | 
actual per cent СОг. Meanwhile, the water level 
has just reached 4, and the syphon M empties the pya, 91, Mechanism of Hays 
tank to level 1, the cycle then being repeated. automatic CO: recorder. 
An automatic device, not shown, readjusts the KOH 
level to level 5, during the emptying of tank F, to make up for any losses, 

Other automatic analyzers are somewhat similar. The Tag-Mono 
Duplex recorder has a mercury-driven pump instead of an aspirator and 
measures the decrease in gas volume in a gasometer. In addition, at every 
alternate cycle, the instrument burns out any combustible gas in an electric 
furnace, and the apparent increase in CO: for these alternate cycles is a 
шеввиге of combustible-gas content. Instead of absorbing COs in KOH 
solution, the Uehling Apex CO: analyzer uses solid NaOH, and the decrease 
in gas pressure in the absorption chamber, at the entrance and exit of which 
there are small orifices, is taken as a measure of COs. А different principle 
is used in the Defender portable CO: analyzer. Gas is pumped into a 
Chamber divided horizontally by a porous plate. A portion of the gaa 
passing through the upper chamber diffuses through the porous plate and is 
absorbed in KOH contained in the lower chamber, creating a partial vacuum 
depending upon the COs content, A float is used to transmit pressure 


variation. 
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"Thermal Conductivity Analysis. Industrial gases differing consider- 
ably in thermal conductivity may be accurately analyzed by an instrument 
which determines thermal-conductivity rate in comparison with 2 standard. 
Table 3 shows the ratio of thermal conductivities of certain gases to that of 
air at 32°F. and at 212°Е. (the latter in italic type), In using this method, 
two thermal-conductivity cells Cı and С: (Fig. 92) are connected into two 
arms of a Wheatstone bridge. These two cells are usually built into a 
single block of metal in which are equal platinum resistance wires insulated 
from the metal. For corrosive gases gl. and quarts cell units are ayail- 
able. As usually operated, one cell C; has sealed 
within it a reference gas, usually air. The other 
cell is connected in parallel with a pipe carrying 
the gas to be analysed and part of this gas slowly 
drifts through the cell Cı. The bridge has two 
equal manganin ratio coils № and Rs. Current 
from the battery B is passed through the bridge 
with the result that the platinum wires in the 
cells are heated 100° to 200°C. The bridge is 
first balanced with the slide wire 8, using the 
same gas in both cells. When the gas to be 
analyzed is passed through Ci, if it differs from 
the reference gas in thermal conductivity, the 
platinum wire in C: will lose heat more or less SH B 
rapidly than that in Cs, its temperature and con- S est qas niet 


sequently its resistance will change, and the | Рю. 92—Goll and стопи 
bridge will be unbalanced by an amount depend- fer thermal-eonductivity, gus 


ing on the difference in thermal conductivity 
of the test and reference gases. The indicating instrument must ђе cali- 
brated for the particular gas for which it is to be used. Available instruments 
include both indicators and recorders, the latter in both the balanced and 
deflection types (see Resistance Thermo: ers, рр. 2057 to 2062), 

In general, the greatest accuracy of analysis can be obtained in а mixture 
of gases in which the gas to be determined differs considerably in thermal 


Table 3. Thermal Conductivities of Gases Referred to Air^ 
(See also pp. 959 to 901) 
n roman type, gases and air at 32°F, 
italio type, gases and air at 212° 
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conductivity from the others. Table 3 will serve as a guide to indicate 
Possible analyses. It should be noted, however, that oxygen сап be deter- 
mined in a mixture of nitrogen and oxygen, using air as the reference gas, but 
the differences are so slight as to require an apparatus of sensitivity too great 
for average industrial use. 

Instead of using a sealed-in reference gas, as in the single by-pass type of 
Sell, described above, a double by-pass cell substitutes a constantly chang- 
ing reference gas. Single by-pass cells are used for determining one gas in 
a binary mixture or опе gas in a mixture of several where the others differ 
considerably in conductivity. Double by-pass cells are used where the 
reference gas is necessarily changing, as in 
comparing a gas before and after a reaction; њ,со соно 
Qr it is used in analyzing a mixture of gases — , co „КН, eoleg > uy сро 
where more than one gas-must be determined. ‘8 4 С р 
‘igure 93 shows how а mixture of hydrogen, er 
carbon monoxide, carbon dioxide, and water 
vapor may be analyzed for carbon dioxide and 
hydrogen, Both cell units record on a single 2 
two-record recorder. Auxiliary equipment YGF 
for thermal-conductivity analysis includes 
means for drying the gas, for maintaining а 
reasonably constant. rate of flow (not over 20 
се. per min., Natl. Bur. Standards, Tech. Paper. 
249), and apparatus for sampling the gas flow. Automatic control is quite 
simply accomplished by adding high and low contacts to the recorder. 

Analysis by Refraction. It is entirely possible to use the interferometer 
for analysis of gas mixtures, since the refractive power varies with the compo- 
sition, However, this method is rarely used industrially because of the bulk- 
iness of the equipment and the fact that the method depends on visual 
adjustment and hence (barring development of а photoelectric method) 
cannot record. 


Арте 

Fro. 93.—Thermal-conductivity 
method of analyzing u gas mixture 
ior two components, 


Electrical Conductivity 

The! property of electrical conductivity ean often be used to determine 
the composition of un electrolyte. ‘The specific resistance of an electrolyte 
is defined as the resistance in ohms of a column of electro- 
lyte 1 sq. om. in cross section and 1 ст. deep. The specific £ 
conductance is the reciprocal of specifie resistance expressed 
in reciprocal ohms. As distinguished from the determi- 
nation of hydrogen-ion concentration, the conductivity of | 


a solution is a function of all the ions present in the solution. 

When the total number of ions increases, the conduetivity A 
increases, and vice v Hence the concentration in a 

solution of a single electrolyte, or group of electrolytes, 

may be readily determined. The method is widely used “#42 
in determining the purity of boiler feed water ог blowdown. Glass 

It makes use of a conductivity cell (Fig. 94) containing the = 
liquid or submerged in the liquid, The two electrodes of 
the cell are usually of platinum or gold, connected into one 
arm of an а.с. Wheatstone bridge. The resistance of the 
tell as shown by the instrument depends on the solution 
and the characteristics of the cell. For low conductivities the electrodes are 
placed close together and farther apart for high conductivities, To facili- 


Fis, 94,—Hleo- 
trical conductivity. 
cell. 
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tate choosing the proper electrode area and spacing for a given bridge and 
solution, a cell constant is specified, given by the expression 
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in which R is the resistance measured in ohms, or maximum resistance 
measurable by the bridge; K is the expected minimum conductivity of the 
electrolyte to be measured; and C is the cell constant. Alternating current 
ix used to reduce polarization. ‘Theoretically, a high frequency is desirable, 
but the error introduced by using 00-cycle 
current is not more than 25 per cent and is H [еее 
usually unimportant for industrial purposes, У 
LION EA EAR 
eter is used either as the indicator ог as the 
null detector of an a.c. bridge cireuit, often 9 
а self-balancing typ 
Conductivity changes to the extent of 
about 2 per cent per °C, temperature change; 
во it is necessary to use a constant tempera- 
iure bath or a reference cell. Figure 95 
shows в conductivity controller adapted pi; 95. Electrical conductivity 
to maintain a given concentration of elec- controller. (Leeds and Northrup.) 
trolyte bath. Solution of the required com- 
position is placed in а sealed conductivity cell, which is submerged in the 
bath to eliminate effect of temperature change. ‘The self-balancing bridge 
makes low or high contacta to control the addition of electrolyte. 


Hydrogen-ion Control 


‘A great many processes are now carried out under pH control. То mention 
s few, pH control is of utmost importance in sugar manufacture (to prevent 
inversion); in paper manufacture (in controlling size precipitation); in 
electroplating; sewage and trade-waste disposal; food manufacture; tanning; 
preparing clay slips; all settling operations; and in selective flotation, 
pH is a measure of the hydrogen-ion concentration and is expressed as the 
logarithm of the reciprocal of the gram ionic hydrogen equivalents per liter 


PH = log E per 1,7), so that pH is a measure of effective and not total 


acidity or alkalinity. 

There are two general methods of pH measurement: (1) the fundamental 
eleetrometric method, and (2) the derived colorimetric method based on the 
use of indicators and permanent color standards. As the second method 
depends on visual comparison of color, it cannot record or control automati- 
cally but is nevertheless most used for control purposes. The usual pH range 
for each indicator is about 1.6 pH. The color standards are usually liquid- 
filled tubes differing by about 0.2 pH. Although not so accurate, impreg- 
nated papers and colored glasses аге sometimes used. 

Electrometrie pH measurement depends on the fact that two suitable 
electrodes in contact with a solution will develop в potential proportional 
to the hydrogen-ion concentration. This potential may be measured with 
a potentiometer. The test electrode develops a variable potential dependent 
on the pH of the test solution, while the other (the reference electrode) 
develops à constant potential independent of the pH. The hydrogen test or 
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measuring electrode has been displaced by new types. The hydrogen elec- 
trode is а piece of platinum coated with platinum black, over wi 

gas is bubbled. It is not adapted for industrial use due to its 
to poisons, errors caused in either oxidation or reduction systems, inaccuracies 
in the presence of metals below hydrogen in the electromotive series, and 
difficulty in adaption for continuous measurement. Quinhydrone, glass, 
and metallic oxide electrodes are those most commonly used for industrial 
Purposes. The quinhydrone electrode simply consists of a platinum ог 
gold electrode immersed in the sample solution which is saturated with 
quinhydrone. Its main disadvantage is that the solution under test must 
be saturated with quinhydrone, and it is accurate only to a pH of 7, although 
it can Бе used up to a pH of 9 for less accurate work. The most frequently 
used metallic oxide electrode is that of antimony. Its main advantage is its 
ruggedness, but it is subject to salt errors, to oxidation or reduction system 
errors, to change in calibration due to movement of solution, and to an over-all 
limit of error of 40.2 pH. The glass electrode consists of а glass tube with 
а thin bulb blown at one end. This is filled with an electrolyte in which an 


оке Ғомсћотдер 


Calomel electrode, 


Glass 
electrode 


Fro, 96.—Beckrüan glass-electrode fow-chamber assembly. 


inner platinum electrode is immersed. ‘The glass itself acquires a surface 
Potential when in contact with a solution, depending upon the pH. Owing 
to the high resistance of the glass itself, generally a vacuum-tube amplifier 
has to be used in the measuring circuit. Although this electrode is inaccurate 
in the presence of sodium salts above pH value of 9.5, it is adapted to oxida- 
tion or reduction systems, thick fluids, and continuous recording. 

For reference, the calomel electrode is nearly always used. Thi 
tists of mercury in contact with calomel, which is, in turn, in contact with a 
solution of KCl saturated with calomel. А gooseneck tube serves to make 
electrical contact with the solution surrounding the measuring electrode, 
The tube is often closed with an alundum thimble, or a ground joint cap, to 
reduce diffusion, 

For industrial work the two electrodes are usually combined, and for 
continuous measuring a resistance thermometer or thermopile temperature 
compensator is added to the combination which has a considerable tempera- 
ture coefficient. The assembly is usually mounted in a flow chamber. А 
potentiometer recorder is used where a record of the pH is to be kept. The 
instrument may be equipped for automatic control. In the quinhydrone- 
flow type of electrode, means must be provided for the continuous addition 
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of a small amount of quinhydrone solution. According to the Leeds and 
Northrup Co., 6 to 8 drops of a saturated solution of quinhydrone in acetone 
suffices for 50-ec. test solution, or the test solution may be passed slowly over 
quinhydrone tablets. It is to be noted that the temperature has a consid- 
erable effect on pH measurements. Figure 96 shows the Beckman glnss- 
electrode flow-chamber assembly open. Shielded leads from the electrode 
assembly connect with the electronic amplifier from which standard indica- 
tors, recorders, and controllers may be operated. 


ELECTRICAL MEASUREMENTS* 

Control and measurement of electricity are far too voluminous subjects to be 
covered thoroughly in this brief article. Therefore only information likely to 
be of assistance to the chemical engineer in plant work has been included. 
For laboratory instruments, power-plant equipment, and theoretical con- 
siderations, the reader is referred to the many standard works available. 

Measurement of Voltage, There are three fundamental types of volt- 
meter now being furnished for industrial use: (1) permanent-magnet, moving- 
coil, (2) electrodynamic, and (3) electromagnetic. Others, such as the hot 
wire and electrostatic, are little used in plants at present, while some, such 
as the induction, have been discontinued by the manufacturers. 

Permanent-magnet, moving-coil voltmeters are an adaptation of the 
D'Arsonyalgalvanometer. Deflections are obtained by the reaction between 
an energized coil and the field of a permanent magnet. In Fig. 97 the coil 
of fine wire is connected across the circuit to be measured, through the spiral 
restraining springs. (In the higher ranges а series resistor limits the current.) 
It is supported on pivots in the annular space between a soft-iron core and the 
pole pieces of а permanent magnet. In the uniform magnetic field the дей 
tions of the pointer are directly proportional 
to the current, and the scale divisions are 
uniform. Dampingis customarily obtained 
by winding the coil on an aluminum frame, 
in which eddy currents set up by the mag- 
netic field uct to retard any movement. 
‘This element is standard for d.c. potential 
indieations and to a great extent for record- 
ing. The ranges may be as low as 0 to 1 


Movable. 
сой. 


millivolts. For ranges below 0 to 100 milli- А 
volts on recording instruments the power 4a, spring > vewel bearing 
available is usually во small asto necessitate py, oo. permanentmaguet, mov- 
the use of a depressor bar or other means > И et 


of eliminating pen friction. When used on 
these low ranges, this element is termed a "^millivoltmeter." It is utilized in 
pyrometers, conductivity recorders, and other instruments which measure 
other variables by means of а direct current. 

Electrodynamic, ог moving-coil, voltmeters depend for their operation 
on the reaction between the fields of fixed and moving coils connected in 
series, In consequence, the pointer deflections will increase according to the 
square of the current. All these movements may be used on either alternat- 
ing or direct current, although they are generally less accurate with the 
latter. "The dynamometer type has the moving coil within the fixed coil 
or coils, as in Fig. 98. It is used in a.c. indicators and strip-chart recorders, 
Another variation of the electrodynamie voltmeter is the Kelvin balance, 


* See рр. 2017, 2019, and 2653. 
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shown diagrammatically in Fig. 99. Two coils are balanced on a knife- 
*dge so that they are free to move between two sets of fixed 
coils, When connected in series, the movable coils take up a 
bosition dependent on the current strength. Westinghouse 
Strip-chart recorders operate on this principle with а con- 
tuct-making device to control the movement of a motor- 
driven pointer. The attracting-coil clement uses but two 
coils in series. The movable one is wound on a horizontal 
shaft which passes through the fixed coil and is supported at 
the ends by knife-edge springs (Fig. 100). With an increased 
current the coils attract each other, and the pen arm is 
deflected. This element is used in some Bristolround-chart ^ Ра. 98— 
recorders. The scale is increasing, so that the best working Dynamomeier 
тапше is in the middle third of the graduations. Where movement for 
damping is desired, an oil pot is mounted beside the move- Voltage meas- 
ment, А vane fastened to the shaft of the movable coil dips “ement. 
into the oil and slows the movement. | Oils of various viscosities may be used 
to obtain the amount of damping desired. 
Electromagnetic, or moying-iron, voltmeters отб 
function by the effect on soft iron of the magnetic 
field around a coil through which current is flowing. f 
The chief difference between various forms is in the 
shape and location of the iron. In the repulsion- emo], (3F 
iron instruments two thin pieces of soft iron are - 
placed within a сой. Both become similarly mag- P9... 99. Kelvin bale 
n z : р ance movement for voltage 
netized, and, since only one is movable, it is repelled текшеде 
by the other with a force proportional to the strength 
of the field. "The scale is increasing but may be made f 
Properly shaping the iron. Alternating-current instru- 
ments only are equipped with this movement. The 
eston instrument of this type is shown in Fig. 101. 
‘The soft-iron pieces are bent to form concentric ares, 
and the stationary one is tongue-shaped to get better BU 
Scale characteristics. An air damper is mounted on the || | 
shaft of the movable element. It consists of a vane in #76 | 
А box with yery small clearance so that air pressure || 
Will be set up to oppose any movement. Westing- 
house uses two rectangular strips which open like a , Еш. 100- —Attract- 
book with current increase, This element will with- № ES lente Tor 
"Land в considerable overload. The General Electric "0 “0019. 
inclined coil uses а coil mounted at 45 deg. to the vertical shaft which 
Carries а soft-iron vane, This gives movement of 
the pointer through an are exceeding 90 deg. The 
attracting-disk clement is constructed the same 
аз the attracting coil, described above, except that. 
the moving member is а soft-iron disk. Тһе scale 
is nearly uniform in the upper part of the range, 
And hence this movement is employed in Bristol 


ly uniform by 


tound-chart recorders for narrow scales starting AE aring 
Aboye xero, as 90 to 140 volts, alternating current fyg, 101, — Weston repul 
and direct current, Solenoid or soft-iron ^ “шур, voltmeter, 


Plunger elements are supplied in several makes 
of round-chart recorder for both alternating and direct current. As the 
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name implies, a soft-iron plunger is pulled into a long coil or solenoid as 
the current increases. The scale which results increases as the square 
of the current. An oil damper may be used. The Westinghouse round- 
chart recorder has a laminated-iron armature which moves between the 
pole pieces of an electromagnet and is restrained from rotating by spiral 
springs. Magnetie damping is used. 

"Measurement of Amperage. In general, ammeters are of the same 
construction as voltmeters, except that relatively few turns of large-diameter 
wire are used instead of many turns of fine wire. Thus the resistance is low, 
although the number of ampere-turns is approximately the same. АШ types 
of element described under voltmeters are used for current measurements, 
except the attracting coil. Any d.c. ammeter may be shunted for higher 
capacity, but the more common practice is to design for a definite potential 
drop of 50, 75, 100, or 200 millivolts. This is then measured by а milli- 
voltmeter calibrated to read directly in amperes. Alternating-current 
ammeters cannot be shunted, and, when the current (or potential) becomes 
unsafe for a self-contained instrument, a transformer is used with a Б-атар- 
range meter. For high-frequeney circuits the thermocouple ammeter 
is satisfactory. A thermocouple is enclosed in an evacuated tübe with а 
conductor. The heating effect of the current, as it passes through the 
conductor in the tube, sets up a potential in the thermocouple. This increases 
with the current and may be measured with a millivoltmeter calibrated 
directly in amperes. 

Power Measurement. In d.c. circuits the power value may be obtained 
by measuring the voltage and amperage separately. With alternating cur- 
rent a power-factor variation from unity occurs with any inductive or capac- 
ityload. Hence a wattmeter must be used for loads other than incandescent 
lamps and electric heating units, the dynamometer and Kelvin balance 
wattmeters which are similar to the voltmeter movements previously 
described. The only change is to connect the fixed coils in series with the 
line (current coils) and the movable coils across the line (potential eoils). For 
three- or four-wire circuits a double element is used in the dynamometer. 
Rewiring is the only change necessary on polyphase with the Kelvin balance. 
Dynamometer movements are found in both indicating and recording watt- 
meters, but the Kelvin balance is used only for recording instruments of the 
contact-making type. 

А wattmeter gives the instantaneous measure of energy, or a curve showing 
the rate at which it is being expended: The total energy used is obtained 
by means of a watt-hour meter, sometimes called an integrating meter. 
‘This is essentially a small motor whose speed is proportional to the power 
consumption. The moving element operates а dial register to give the total 
in watt-hours. 

Control of power consumption may be effected by several devices now 
able. The hook-up differs with each installation, but the arrangement 
is such that when the load exceeds a set figure, the least important portion 
is automatically cut out. A further increase cuts out the next; and so on. 
When the loud decreases, the operations are progressively started up. The 
actuating mechanism is а contact-making wattmeter or demand meter, with 
which is incorporated a timing switch to prevent action with momentary 
increase in load. Such control is especially desirable where the power con- 
tracts sets the price according to the maximum demand. 

Power Factor (sce p. 2042). Knowledge of the power factor is necessary 
since most power contracts contain a clause penalizing for any marked devia- 
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tions from unity. It may be determined by instruments similar to either 
the dynamometer or the Kelvin-balance wattmeters. In the former the 
difference is in having two moving coils crossed at right angles to each other. 
An inductance is placed in the circuit of one and а resistance in the other- 
The Kelvin balance actually measures the angle through which a phase shifter 
must be turned to get zero power factor in the measuring element. The 
Correction of power factor may be effected by the substitution of syn- 
*hronous motors for all operations where they can be used. Sometimes an 
©verexcited synchronous motor, or synchronous condenser as it is then called, 
is allowed to float on the line for this purpose only. For smaller installations a 
Capacitor, ог static condenser, is commonly connected in the motor circuit. 
Frequency, Determinations of frequency are generally measured by 
Setting up an unbalance in the circuit. Either the cross-coil. dynamometer 
Ог the Kelvin-balance movement, as used in power-factor measurement, is 
Sonneoted in two opposing circuits with a resistance in one and an inductance 
inthe other. The current їп the resistance is dependent on the voltage alone, 
While that in the inductance depends on frequency and voltage. The result- 
^nt of the pulls of the two coils will vary with the frequency. This method 
is used also in the Bristol which employs the same element as in the inductance 
balance for long-distance transmission (р. 2026). ‘These instruments. are 
Aecurate to about one-tenth cycle. Interconnection of power systems has 
caused a demand for instruments which will rend closer, and several have been 
developed. ‘The Leeds and Northrup recorder has a circuit composed of 
an impedance bridge, two arms consisting of non-inductive resistances, and 
two of non-inductive resistances together with condenser units. In one of 
these arms the condenser is in parallel with the resistance; in the other it is 
in series, "The bridge is of the balanced or null type, balancing being accom- 
plished by means of a contact-making galvanometer. The Westinghouse 
fentrifugal frequency recorder employs a synchronous motor to drive а 
flyball-contacting device which starts, stops, and reverses a separate motor 
for moving the pen arm. 


MISCELLANEOUS MECHANICAL CONTROLS 
, Under this heading there will be considered the means of indicating, record- 
ing, and controlling mechanical operations. The variables are speed, posi- 
tion, thickness, and time. In addition, photosensitive devices will be 
described, 

Speed. Measurement of speed assumes great importance because of the 
secondary factors dependent on it, e.g., voltage or frequency in electric 
Renerators, or pressure of blowers, Devices are now available for momentary- 
cheek readings, for continuous indication, for curve drawing, and for con- 
trolling, using both mechanical and electrical means. 

Check readings may be made with an indicating tachometer designed to 
be held in the hand while testing. Itis fitted with а pointed metal or rubber- 
tipped shaft, which is held against the center of the rotating part whose speed 

is to be measured. One type actually counts the number of revolutions in a 
fixed period of several seconds. The pointer moves around the dial, which 
Teads in revolutions per minute, and stops automatically at the end of the 
interval. Another type operates like в flyball governor. Weights are во 
Mounted on a shaft that they, revolving with it, tend to fly off as the speed. 
increases the centrifugal force. This force is resisted by springs, and the 
Teaultant motion is transmitted to the pointer. ‘This same principle is incor- 
Porated in some stationary indicating, recording, and controlling tachometers, 
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‘The instrument shaft is in this case driven by a belt from the main shaft 
instead of being pressed against it. Recorders have also been built of the 
pneumatic type, which depends on the vacuum created in-a T-shaped tube 
when it is turned in a closed chamber on the axis of its vertical arm. 

Electric tachometers are now most used for stationary work. They 
have been developed to а high degree of accuracy. A d.c. magneto of special 
design is driven by a belt, gear, or chain, or through direct connection from the 
rotating part. The potential of the magneto terminals will be a straight- 
line function of the speed. This may be measured with an indicating or 
recording voltmeter calibrated to read directly in revolutions per minute. 

Of great importance in connection with speed, although not primarily, а 
method of determining it, are the stroboscopes which permit the study of 
mechanisms while in rapid rotary or reciprocating motion. They depend 
on the ability of the eye to retain an image for an appreciable time. И 
an object is seen intermittently, the effect of a continuous view will be had 
when the interval between glimpses is less than the time the eye will retain 
the image. If the interval is too great, the image will flicker. A rapidly 
rotating object seen at intervals equal to the time of one revolution will 
therefore appear to be stationary, as it will be in the same position each time 
itis viewed. Tf the interval is slightly greater or less, it will appear to bo 
moving forward or backward very slowly. By changing the interval, the 
apparent speed of the part may be varied at will. This makes possible ® 
thorough study of the action of fast moving machinery. "The methods of 
accomplishing this result are by interrupting the vision and by interrupting 
the light, The former is done by observing the part through a slotted disk 
or cylinder which may be turned at а set speed The light outfit consists 
of a contact breaker in the light circuit, driven by the machine under observa- 
tion, or by a separate motor. A neon light is ordinarily used so that the 
object may be viewed in daylight or artificial light without interference. 
The flashes are then synchronized or put slightly out of step as desired, 

Position. When working with inaccessible or remotely operated gates, 
dampers, and valves, or with pulp beaters and other equipment, it is of value 
to know their exact position. This is accomplished by the use of a system 
of levers, sometimes in conjunotion'with cables and pulleys, to move a pointer 
on a scale. The arrangement is such as to get the proper reduction of the 
movement for full-scale deflection, These motion recorders may be fitted 
with remote transmitting and receiving systems 50 that the reading is avail- 
able at a distant point, e.g., at the control switchboard. The position may 
be altered by manual control, push-button motor control, or automatic 
control. 

Thickness. Variations in thickness, as of the cake on a rotary filter, may 
be recorded by the motion recarders described above, A roller or shoe riding 
оп the material is connected to the levers. These instruments are limited 
as to uecuracy on very thin materials, such as rubber sheeting or paper, but 
several other devices have been developed for these applications. The 
Schuster magnetic gage, designed originally for rubber calender rolls, 
consists of ап electromagnet mounted on wheels so as to ride on the stock. 
"The distance between the roll and the magnet varies with the thickness of 
the stock, and the current flowing through the magnet coils will vary with 
this distance. ‘These changes in current are read directly as thickness in 
ten-thousandths of an inch. 

‘Another device, designed to regulate thickness of rubber coatings is the 
weight Verigraph. This is essentially a tuned-radio circuit. The web of 
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material passing between two condenser plates varies the capacity. А 
null-type recorder shows deviatioris from the correct thickness, 

Time. Instruments are available for recording both the duration and 
the frequency of movements. One type, the electric operation recorder, 
functions by having an electric contactor so arranged that the motion will 
make and break the circuit to а small magnet coil. Mounted on its pole piece 
is а pen arm which draws a short line at right angles to the direction of chart 
travel for each change. These are used to show the starting and stopping of 
looms, motors, presses, and for innumerable other operations, ‘The exact 
means of making the contacts will differ with each installation. One opera- 
tion recorder is equipped with a timing device to ring a bell or light a lamp 
when the operation is finished. This contains a time switch similar to those 
used separately to stop an operation automatically. Another type is usually 
called an auto time recorder because of its common use on automobiles. 
It has n waxed or sensitized chart across which the pointer moves when its 
Support vibrates, as with the running of the engine. 

, Photosensitive Cells. Certain metals emit electrons when exposed to 
light, аз do others when heated. The latter form the basis of the electron 
tubes of radio, by assisting the passage of current between electrodes made 
9f these thermionic materials. If light-sensitive metals be used, the current 
Passing in the circuit will vary with the amount of light received by the 
electrodes, whence the intensity of light may be measured with great accuracy. 
The metals which have this photoelectric property are sodium, potassium, 
cesium, rubidium, lithium, strontium, and barium. Of these, cesium is 
how generally used because its sensitivity more nearly 

coincides with the range of human vision. A common 

design of cesium cell is shown in Fig. 102. The V-shaped i 
cathode is coated with cesium, and the bulb may be jjj; | 
either evacuated or gas filled. 

‘The electrical output of photoelectric cells ranges from к 
а fraction of one microampere to several microamperes. р 
lt may be amplified by several three-electrode vacuum 
tubes of the ordinary radio types in series, and so meas- 
ured with n mieroammeter or used to operate a relay for 
control purposes. Power-relny tubes, such as the Grid- 
glow and the Thyratron, combine sensitivity with considerable power out- 
but, Complete units of sensitive-cell, power-tube, and relay switch are 
now available. 

Recently interest has been revived in the companion phenomenon of photo- 
conductivity, first used in the selenium cell whose resistance changes with 
the intensity of the light. Selenium showed а considerable lag which is not 
found in the new selenium and copper oxide cells where a thin layer only is 
used. 

The Weston photronic cell has a thin metal disk serving as the 
positive terminal, upon which a thin film of light-sensitive material serves 
эз а negative terminal. Contact with the light-sensitive material is made 
through a metallic collector ring. A filter is used when the spectral sensi- 
tivity must conform with that of the human eye. Available in water- 
proof housings and having а high output—several hundred microamperes 
under intense illumination-—which eliminates the need for amplifiers in most 
applications, barrier layer photocells sre widely used in industry. However, 
for high frequencies and sensitivities the more fragile photoemission cells 
are used. 


for con- 
centrated light, 
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Applications of photoelectrie cells may be grouped as sorting, usually 
dependent on the light reflected from the surface under examination; counting, 
by cutting off a beam of light; measuring radiation, as with hot bodies and 
daylight; and analyzing color or composition by transmitted or reflected 
light. Considerable experimenting may need to be done to find the optimum 
conditions for each application. 


SUPERVISION OF INSTRUMENTS 

Details of the operation and maintenance of control instruments naturally 
are too voluminous for treatment here. The manufacturer's direction sheets 
should be read carefully. They have been written in the light of past experi- 
ence, and, if followed, no difficulties should be encountered. One general 
rule may be given here: Do not allow any person to touch an instrument 
except for necessary maintenance work, The great majority of trouble 
cases come from tampering by inexperienced persons. It is advisable to 
make some one person responsible for all instruments in the plant, whether 
there be one or many. For this work some handy person can usually be 
found. He should be given time to study over the directions and familiarize 
himself with maintenance details. The manufacturer's serviceman can 
undoubtedly help in this. Some companies have sent their maintenance 
men to the factories where the instruments were made. The manufacturers 
are willing and anxious to show them through their factories and shops and 
to give instruction on the work which can be done in the field. Aside from 
the actual knowledge gained, this has the advantage of arousing a keen 
interest and pride in the work. 

In the selection and location of instruments it is well to get the recom- 
mendations of the manufacturers’ salesmen. As a group they are factor: 
trained men with a background of engineering education and experience, 
‘Their recommendations merit serious consideration. 

As to location of instruments it may be ваја in general that the most 
accessible place is the best. It cannot be too strongly emphasised that 
instruments are primarily guides for the operators, not checks on their derelic- 
tions, For this reason they should be located as near the operator's regular 
station as practicable. It will then not be difficult to get the operator to 
consult them frequently and to depend on the readings. Centralization of 
all instruments is usually desirable. Although the cost is ordinarily greater; 
it does make for a good-looking installation. Operating efficiency is enhanced 
if all information and controls, manual or automatic, are conveniently at 
hand. Needless to say, there is little gain in centralization of instruments 
if the process operation is not otherwise arranged for centralized operation. 
Where а central control board is used, it should be in the most accessible 
place, or the center of population, as it might be described, In older plants 
location of indicating and controlling instruments beside the operations with 
recording instruments at some central point is often good practice. In such 
cases remote manual controls are often advisable to permit immediate 
adjustments. 

Automatic control has one inherent danger: so much dependence is placed 
on it that its failure may be disastrous. For this reason all possible safety 
devices should be used. On air-operated controls the valve operation should 
be selected so that the valves will assume the safer position on air failure. 
Also safety interlocks may be needed. On electrical controls, a change in 
the wiring will often suffice, e.g., connection of the blower, the oil pump, 
and the control instrument on one circuit. A failure of one means the failure 
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of all. A manually reset relay, in addition, will make certain that the 
attendant is present when current goes “оп” again. Solenoid valves may 
be placed in a line to eut off with current failure, or working with a controller, 
to cut off for overtemperature. Switches which break an electric circuit on 
failure of pressure in air, gas, or oil lines are available. Numerous schemes 
have been worked out or can be devised easily, but this matter should receive 
eareful consideration. 

Charts from recording instruments deserve thorough study, Comparison 
should be made with records of previous days and years and checked against 
the results of the day's run. The records, if carefully marked with batch 
numbers and filed, will assist in assigning the cause of failure of returned 
Material. Instruments are additional tools and fact finders and give benefit 
According to the amount of use. 
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Introduction. Materials for chemical-plant construction fall naturally 
into two general classes, metals and non-metals, the former class being 
further divisible into pure metals and solid-solution-type alloys on the one 
hand and non-homogeneous alloys-on the other. The latter distinction is an 
important one as, for corrosion-resisting purposes, the solid-solution alloys 
frequently behave as though they were chemical individuals of definite 
characteristics, while the mixed-crystal type usually has roughly the resist- 
ance of the poorest constituent, the resistance being still further diminished 
by the presence of numerous electrolytic cells. ‘The difference in behavior 
between properly and improperly heat-treated metals of the stainless-steel 
class well illustrates this characteristic difference between the solid-solution 
and the mixed-crystal types 

In the selection of material for the construction of a chemical plant, 
resistance to the corroding medium is usually the determining factor aa 
otherwise the choice would fall automatically on the cheapest material 
mechanically suitable, and laboratory corrosion tests are frequently the 
quickest and most satisfactory means of arriving at в preliminary selection 
of the suitable substances. Unfortunately, however, it is not possible on 
the basis of any existing laboratory test to predict with accuracy the behavior 
of the selected material in the plant. The outstanding difficulty in thi 
connection lies not so much in carrying out the test as in interpreting the 
results and translating them into terms of plant performance. А laboratory 
test of the standardized type gives but one factor, the chemical resistance of 
the proposed material to the corrosive agent, and there are numerous other 
factors entering into the behavior of the materials in the plant. 

The following method of determining this factor, which is the so-called 
total immersion test, represents an unaccelerated method which has been 
found to give reasonably concordant results which are in approximate agree- 
ment with results obtained on the large scale when the other variables are 
taken into account. Various other tests have been proposed and are in use, 
such ав the sult spray, the accelerated electrolytic, the alternate immersion, 
the aerated total immersion, ete., but in view of the numerous other com- 
plications entering into the translation of laboratory results into plant results, 
the simplest test would seem the most desirable for routine preliminary work, 
reserving the special test methods for special cases. This preliminary test 
serves quite well to eliminate the materials which obviously cannot be used; 
further selection among those which apparently can be used can be made on 
‘the basis of a knowledge of the properties of the materials concerned and the 
working conditions, or by constructing larger scale equipment of the proposed 
material in which the operating conditions can be simulated. 


THE TOTAL IMMERSION TEST 

‘The following conditions and factors affecting the results of tests haye been 
investigated: 

Test Piece. The shape of the test piece does not affect results within a 
reasonable range of ratio of length of edge to surface. Determinations have 
been made for ratios between 2 and 10. Fine polishing is unnecessary, 
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although tool marks and oxide coatings should be removed. Many deter- 
inations have been made on roughened and smoothed pieces. 

Volume of the Corroding Solution, Investigations using volumes 
of solution ranging from 20 em. to 200 em. per sa. in. of test piece exposed 
‘show that the effect of the volume of the corroding solution becomes prac- 
tically negligible if a relation of volume to square inch of test piece in excess 
of а certain minimum is used. 

Temperature of Corroding Solution, Results of many experiments 
show that the temperature coefficient is high for all reactions. For theoretical 
work in determining the law of temperature, it is absolutely necessary to use 
an accurately regulated thermostat. In applying results to plant practice, 
similarly careful consideration must be given to temperature control in all 
specific tests. In comparing different metals, care must be taken that the 
temperature is the same for all tests. 

Time of Exposure. It has been found that results of corrosion tests 
vary enormously with the time of exposure of the material to the corroding 
solution. This variation is due to initial electrochemical surface actions 
‘such as overvoltage and to the period of time required for the formation of a 
protective coat. Evidently initial effects of this kind must be neglected if a 
corrosion factor for use over a long period of time is to be obtained. The 
logical. way is to measure the rate over an interval of time after this initial 
high corrosion rate has decreased and become constant. For the most 
careful work this must be done. The experimental data available at present 
indicate that corrosion should be determined at the end of 48, 96, und 240 hr. 
Sufficient accuracy for comparative work may usually be obtained by 
neglecting the corrosion over the first 48 br. and averaging the rate over the 
second 48-hr. period. 

Cleaning Test Pieces. Many methods have been investigated for 
removing coatings from the test pieces. They may consist of dissolving 
the coat or of removing it mechanically. In each case the error due! to а 
particular method has been determined. The first 48-hr. immersion in 
the corroding solution may be considered a preparation of the test piece for 
the final test. ^ 

Reagents and Apparatus. Corroding Solution. Use 250 om. of the 
corroding solution per test piece of given area (4.6 sq. in.) for a tairly rapid 
corrosion rate (0.01-in. penetration per month). The volume should be 
increased in proportion for pieces of greater area. 

Preparation of the Sample. 1, Metal Test Piece. Size 2 by 1 by 
0.1 №. (area 4.6 ва. in.). Dimensions should be accurate to 0.01 іп, in order 
to save the time of measurement and area calculation in the laboratory. 
Other shapes may be used within a range of ratio of length of edge to total 
area of test piece between 4 and 8. 

2. Preparation. The strip of indicated size may be cut from flat sheet 
metal or turned from pipe. Tool marks should be removed by successive 
use of file and emery. Exceedingly fine finishes are unnecessary, but the 
surface should be clean and reasonably smooth as, for example, finished with 
120 grain emery. 

Detailed Procedure, Standard Static Corrosion Test. Place the 
corroding solution in а flask or wide-mouth bottle and bring to the temper- 
ature of the test, Maintain this temperature to at least 1°C. in a carefully 
regulated thermostat. Suspend the test piece upon a glass hook from а 
stopper of such a size as to fit the flask or the bottle loosely. The stopper 
must be made of a material which will be unaffected by the corroding solution. 
Immerse the test piece in the solution when it reaches the proper temperature, 
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closing the bottle or flask with the stopper. If the test is being made at в 
high temperature, а reflux condenser must be used, taking саге to prevent 
the condensate running directly on to the test piece. 

The highest accuracy is desirable, Expose the test piece for 48 hr. to the 
corroding solution. Remove from the solution, wash thoroughly in a stream 
of water, and remove any coating. This cleaning may be done by dissolving 
ой the coating (lead sulfate in ammonium acetate solution, lead chloride in 
hot water, etc.) or by rubbing and scouring with or without а soft powder as a 
mild abrasive. Do not adopt any method of cleaning until the error due to 
its use has been determined. Weigh the test piece after thoroughly drying, 
especially wiping out the hole by which it was suspended on the glass hook. 
Immerse the test piece in the corroding solution for a second 48-hr. period. 
Care should be taken that while drying and making the first weight, по ой 
or grease is allowed to get on the test piece by handling, since this would give 
low results. After the second 48-hr. immersion period, clean and weigh 
again as described above. From the loss during the last 48 hr., calculate the 
average rate of corrosion (¢ = 48 hr.) as indicated under Calculations, 

Run a check test simultaneously. Never place test pieces of different 
metals in the same container. It is permissible to place two pieces of the 
same metal in the same container, but they should not be in contact, 

In case the metal develops pitting, this factor must be included in the 
results, since failure in any case will occur when a pit has entirely penetrated 
the metal. Determine the magnitude of this effect by grinding down on а 
tetallographie grinding set until all the pits have just disappeared and solid 
metal is reached. The loss in weight during this grinding їз determined and 
the pitting calculated as indicated. 


Form for Card File of Corrosion Data Form for Laboratory Data 


Material Metal 
Corrosive agent Solution 
Concentration Temperature 
‘Temperature Test piece No. 
Rate of corrosion, mo. Dimensions 
Report of data Length 
Method No. Width 
By Thickness 
For Area 
Weight. 
Before test. 
After test. 
Loss 
Time 
Start 
Finish 
Run, hr. 


Corrosion rate 


Calculations. Standard Static Corrosion Test. 

If W = loss in weight (in grams) of test piece during the second 48-hr. 
immersion; A = area of test piece in square inches; S = density of metal in 
grams per cubic centimeter; and ¢ = time of exposure in hours (t = 48): 
Then С = rate of chemical corrosion expressed as inches penetrated рер 
month: 
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24 X30 X W — 43.907 

2.54) Ast ^^ ASI 

In order to calculate the pitting corrosion, let p. = loss in weight (in grams) 
due to grinding out pits: 
Then d = rate of penetration of metal by both normal corrosion over the 

entire surface and by local action due to pitting: 
43.907 + 7) 
ASt 


C= 


a 


Effect: of Variables on Corrosion Test. As in other branches of engi- 
neering, it is necessary to apply à factor of safety to the results obtained, the 
factor varying with the degree of confidence in the applicability of the results, 
Ordinarily, à factor of from 3 to 10 might be considered normal. 

. Among the more important points which should be considered in attempt- 
ing to base plant design of laboratory data are the following: 

Effect of Oxygen. The test given above does not call for aration, the 
renson being that the effect.of oxygen is considered a specific ono, to ђе taken 
into account for each problem. In general, its effect із to increase the rate of 
corrosion markedly, and, if it is to be present in the plant operation, its 
effect should be allowed for. 

Electrolysis. This is а frequent source of trouble on the large scale. 

Not only is the use of different metals in the same piece of equipment danger- 
ous, but the effect of cold working may be sufficient to establish potential 
differences of objectionable magnitude between different parts of the ваше 
piece of metal. Riveting, even when extreme precautions aro taken to have 
the rivets of identical composition with the sheet, is very likely to establish 
potoutial differences. Even such slight working as threading without 
subsequent annealing has been known to cause rapid failure from electrolysis. 
"The mass of metal in chemical apparatus is ordinarily so great, and the 
cloctrical resistance consequently so low, that в very small voltage can cause 
a very high current. It might also be noted that improper heat treatment of 
а solid-solution-type alloy may convert it from the solid-solution type to the 
non-homogeneous type, with the result that it fails evon more rapidly than 
its poorest constituent. Welding also, if not properly done, may leave the 
weld of a different physical or chemical composition from the body of the 
sheet and eause the development of stray currents. A simple test for weld 
homogeneity is to treat n sample of the welded sheet containing a portion of 
both weld and sheet with a suitable solvent such as nitric acid or aqua regia, 
till about half the thickness of the metal has been dissolved; if heterogeneity 
ists, evidence of differential attack should be seen. 
Velocity of Corrosive Liquid. Because of increased rate of removal of 
corrosion products and increased mechanical action, corrosion increases 
rapidly with increasing velocity of corrosive medium. This is especially 
true if the flow is turbulent, or if the liquid carries suspended matter. Fre- 
quently, slight alterations in design can be made to reduce this factor. 

Local Concentration. Both local variations in temperature and orevices 
which permit the accumulation of corrosion products are capable of allowing 
the formation of concentration cells, with the result of accelerated local 
corrosion. 

Temperature, In the laboratory, the temperature of the test specimen 
is that of the liquid in which it із immersed, and the measured temperature 


ex 
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is actually that at which the reaction is taking place. In the plant, heat 
being supplied through the metal to the liquid in many cases, the temperature 
of the film of (corrosive) liquid on the inside of the vessel may be a number 
of degrees higher than that registered by the thermometer. As the relation 
between temperature and corrosion is a logarithmic one, the rate of increase 
is very rapid. Like other chemical reactions, the speed ordinarily increases 
two- to threefold for each 10° temperature rise, the actual relation being that 


of the equatioi 


og К = A +2) where К represents the rate of corrosion, 


and 7 absolute temperature. 

Impurities. The effect of impurities in ¢ither structural material or 
corrosive material is so marked. (while аф {Һе ваше time it may be either 
accelerating or decelerating) that for reliable results the actual materiula it is 
proposed to use should be tested and not types of these materials. In other 
words, it is much more desirable to test «ће actual plant solution and the 
actual metal or non-metal than to rely upon a duplication of either. Since 
as little as 0.01 per cent of certain organic compounds will reduce the rate of 
solution of steel in sulfuric acid 99.5 per cent, and 0.05 per cent bismuth in 
lead. will increase the rate of corrosion over 1000 per cent under certain con- 
ditions, it can be seen how difficult it would be to attempt to duplicate here 
all the significant constituents. 


SPECIAL PROPERTIES OF CERTAIN MATERIALS 


Metals. Iron withstands anhydrous acids and concentrated solutions of 
some acids but is attacked by dilute aqueous solutions. It resists ulkaline 
solutions with the exception of very hot, highly concentrated solutions, 
though its resistance is sufficiently good in the latter case for extensive use. 

Copper, as can be seen from its position in the electromotive sories of the 
metals, has little tendency to dissolve in non-oxidizing acids Tt is, however, 
very subject to oxidation and, as the oxide is readily soluble in most acids, is 
subject to marked attack in the presence of sir or other oxidising agents. 
Ammonia and amines similarly attack copper under oxidizing conditions. 
1t is less attacked by strong caustic solutions than is iron. 

Nickel possesses in many respects the characteristics of a seminoble 
metal. It is acted upon by dilute acids with relative slowness, so that 
oan frequently be used at a fairly low pH, It resists concentrated caustic 
solutions very well. . It is less affected by ammonia and by the amines than 
copper and is less rapidly oxidized. 

Lead, because of its low tensile strength and elastic limit, ia used chiefly in the 
form of linings. If not carefully anchored in place it is very liable to creep 
slowly, with the resulting formation of buckles especially if alternately Heated 
and cooled. It is attacked but slowly by most acids and hence is very exten- 
sively used in chemical-plant construction. Homogeneous lead lining over- 
comes the tendency of lead to creep and also improves the heat transfer as 
compared with loose linings. 

Aluminum, while belonging to the class of metals which decompose water, 
is quite resistant to dilute and weak acids because of the presence of a surface 
film of the relatively inert hydrated oxide. Any material capable of removing 
the aluminum oxide, however, such as the halogen acids or alkalies, will cause 
very rapid corrosion of aluminum by exposing the highly reactive metal. 
'Phermometers in aluminum equipment should be carefully protected, ae 
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the mercury from a broken bulb, if it comes in intimate contact’ with the 
metal, will cause rapid perforation. 

Tantalum, while not extensively used in the past, possesses the valuable 
Property of being unattacked by aqueous hydrochloric acid, either hot or 
cold, and by most other chemical reagents excepting hydrofluoric acid, fluo- 
rides, and sodium hydroxide solutions. Its relatively high cost restricteita tse 
to linings for the most part but makes possible the construction of certain 
equipment in metal which would otherwise have to be built of a non-metal: 

Silver also possesses a fair degree of resistance to the aqueous solutions of 
the halogen acids. In this case the resistance is due largely to the formation 
of а protective film of the insoluble halide, so that conditions which favor the 
recrystallization of the halide, such as the presence of ammonium salts or 
very high temperatures, materially reduce the life of the equipment, Silver 
is also widely used for handling and storage of organic acids, particularly 
at high temperatures. 

Magnesium is one of the few matérials not attacked by dilute aqueous 
solutions of hydrofluoric acid. 

Antimony, while seldom used because of brittleness, also withstands well 
the action of aqueous hydrochloric acid. 

Alloys. Chromium-iron-nickel alloys (stainless steels) belong to the 
solid-solution type of alloy when properly heat treated; when improperly heat 
treated, segregation takes place and the resulting electrolysis may reduce the 
sistance below that of ordinary steel. Roughly, the resistance to acida 
increases with increasing nickel content. 

Bronzes tend to possess the acid resistance of copper with a lessened 
tendency to oxidation, зо that their over-all resistance is somewhat greater 
than that of copper while the mechanical properties are much superior to those 
of copper. 

Brasses, like bronzes, have mechanical properties and workability superior 
to those of copper. As а class they are subject to dezincifiention and con- 
sequent weakening on exposure to corrosive conditions. 

Silicon alloys, such as Corrosiron, Duriron, and Durichlor, have the 
high resistance to be expected from the high silicon content and also the brit- 
tleness and hardness which are ordinarily associated with the compounds 
of silicon. The high-silicon alloys must be worked by casting and grinding. 

Non-metals. One important difference’ between the metals and the 
non-metals, which greatly affects the design of equipment, is the low thermal 
conductivity of the latter class. Те is frequently difficult or impossible to 
obtain the necessary heat transfer through the wall of the vessel when working 
With a non-metal, «o that some form of internal heating.or cooling must be 
resorted to, such as coils, electrical heating, or live steam. 

Glass possesses the desirable quality of almost perfect resistance to aids 
of al strengths and at almost all temperatures, hydrofluoric acid being 
option to the rule. The difficulty of obtaining large sizes and the 
of the material have somewhat limited its application, piping being 
the chief form of equipment ordinarily used. The making of tight joints 
also presents a problem, no material equally resistant. being available for 
use as a gasket material, while fused joints increase the complication and 
fragility of the assembly. Glass is also sensitive to sudden changes of 
temperature and must be carefully protected from them: 

Silica ware, while possessing the corrosion resistance of glass in a more 
marked degree, also possesses all the weaknesses of glass with the exception 
of its susceptibility to sudden temperature changes. 
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Enameled ware to a considerable degree avoids the objectionable mechan- 
ical features of glassware but at the expense ої a reduction in chemical 
resistance. The glass used for coating iron ог steel is less resistant to chemical 
action than the best grade of chemical glass, which because of its coefficient 
of expansion and melting point, however, cannot, be used for enameling, 

Stoneware largely avoids the mechanical fragility of glass and silica but 
substitutes a problem in heat transfer, the thickness of the material ordinarily 
used causing this to become a serious problem when considerable quantities 
of heat are to be supplied or removed. 

Other ceramic materials present problems, in general, similar to those 
already mentioned, the design problems accompanying the use of porcelain 
or stoneware, tile or brick, of cementlike material in general, being accom- 
panied by limitations as to temperature, pressure, heat transfer, size of 
equipment, etc. which are not present when working with the metals or 
alloys. Enameled equipment is the only type of this group in which the 
working surface is non-metallic, and. the physical strength is supplied by a 
metal. In tile lining, difficulty is also encountered in obtaining satisfactory 
cement, of resistance equal to the tile, 

Hard and soft rubber are frequently used for the handling of acids, 
especially. dilute aqueous solutions. The resistant properties of the two are 
similar, both being unattacked by dilute aqueous solutions except, those of 
oxidizing agents and both being swelled hy organic solvents, Ап important 
difference between the two lies in the fact that the soft rubber is used as a 
lining, usually for steel, while the hard rubber can be used alone. 

Synthetic mbberlike polymers are becoming of increasing importance as 
engineering raw materials because of the superiority to natural rubber in 
many important properties such as resistance to oxidation, solvents, oil, and 
many chemicals. 

Polymers such as neoprene and Perbunan can be compounded and cured 
to yield. vuleanizates similar to natural rubber in their stress-strain and 
elastic properties. Other polymers such as Thiokol are swollen even less 
than- neoprene or: Perbunan Ву (aliphatic hydrocarbons but have lower 
elongations and do not retain their properties as well at elevated tempera- 
tures... Plnsticized. polyvinyl chloride such as Koroseal can be used where 
less rubberlike properties nre required. 

Wood, while fairly inert chemically, is readily dehydrated by concen- 
trated ‘solutions and hence shrinks badly when subjected to the action of 
such solutions. It is also slowly hydrolysed by acids and alkalies, especially 
when hot. In tank construction, if sufficient shrinkage once takes plac 
to allow crystals to form between the staves, it becomes very diffioult to 
make the tank tight again. 

Structural carbon is available for use as tank linings, tower packing, 
absorption systems, and piping. It is suitable for use with most chemical 
materials except strong oxidizing agents, An impervious form, Karbate, is 
available; Karbate No. 2, impervious graphite, has good thermal conductivity 
and can be used in heat-transfer equipment. 


RECOMMENDED MATERIALS OF CONSTRUCTION FOR 
DIFFERENT USES 

Materials of Construction Used in Chemical Operations. (From 

"Corrosion, Causes and Prevention,” pages 562 to 568, by Frank М. Speller.) 

This list: gives the materials of construction commonly used in chemical 

operations. It represents the results of a survey of the literature, the edited 
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RECOMMENDED MATERIALS OF CONSTRUCTION FOR 
DIFFERENT USES-— (Continued) 


commenta of manufacturers of chemicals and apparatus, and the experience 
of Whitman and Russell who compiled the list. The table does not attempt 
to give the entire range over which a given material will resist corrosion or 
the entire list of materials which will withstand a given corroding agent, but 
rather it indicates the range over which the material usually finds application. 
"The materials ineluded are given in alphabetical order with no attempt to 
indicate which ones are superior. Where pipe or tubing is specified, valve: 
fittings, etc., should be constructed of the same material. Where monel 
metal is specified, other copper-nickel alloys are often suitable. 

The concentrations and temperatures commonly encountered are given in 
parentheses or brackets, the concentrations being given first and the temper- 
atures second. For example {all cones.; temp. 158°F. (70°C.)}" means all 
concentrations at temperatures below 158°F. (70°C.)- 


1, Acetic anhydride. 
Copper, enameled iron, fused silica, glass, high-silicon iron, steel, Теза, 


3. Acid, acetic. 


Aluminum—distillation (glacial), condenser and piping, tanks (glacial), 
‘Aluminum bronze—nurnpe (all concs.), condenser and piping. 

Cast iron—stills for commercial acid. 

Chromium-nickel stainless steels (all cones. ; all temps.)« 
Copper—distillation (glacial), condenser and piping, tanks (glacial), 
Enameled iron or steel—condensers and piping, tanks (glacial). 

Hurd rubber—tank lining, pumps, piping (all concs.; low temp, 
High-silicon iron—condensers and piping, pumps (ull cones.), 
Monel metal—pumps and tubing (all concs.). 

Phosphor bronze—pumps (high cones.), 

Silver—condensing tubes. 

Slate—tanks (glacial). 

Stoneware—condensers and piping; tanks and pumpe (all conca.). 
Wood-tanks (oak, eypreas, fir) (glacial); for short-storage tanks (low conos). 


3. Acid, benzoic [vapor 482*F. (250°C.)}, 


Copper, enameled iron, lead, nickel. 


5. Acids, fatty (propionic, but 


Aluminum—eondensers, pumps. 
Bronze—pumps (low cones.) 
Cast iron—stills. 
Copper—pipe (all cones. all temps.), condenser tubes, 
Enameled iron—stills, condensers. 
‘High-silicon iron—condensers, piping, pumps. 
Monel metal—pumps, tubing, receiving eggs. 
Stecl—stills. 
Stoneware—pumps. 
1 The helpful cooperation of thé various manufacturers of chemicals and equipment 
who contributed to this table is acknowledged. The table of Calcott and. Whetzel hse 
been of especial assistance in this work. 
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RECOMMENDED MATERIALS OF CONSTRUCTION FOR 
DIFFERENT USES-— (Continued) 


6. Acid, hydrochloric. 
Acid-brick—lining for tanks (all cones.; all temps.) 
Cast iron—furnace pots. 
all temps). 
regs fans (moist), gas pipe (moist, cool). 
Fused silica—gas pipe (all сопсв.; all temps.), absorption systems. 
Gluss—absorption systems, pipes, carboys, 
Hard lead—pumps (cones. from 1 to 5 per cent). 
Hard rubber—lining for fans (moist, cool), pumps (cone 
pipes (all cones.; all temps.), lining for tanks (all con 
Hastelloy B—(all cones.; all temps.). 
Haveg—(all cones. up to boiling point). 
Kurbute—pipe; linings, absorption systems (all cones; all temps.). 
Monel metal—pickling equipment (low cones. and temps.). 
Pure gum rubber—tubing, lining for tanks, tank cars, fans (all conos.; low temps.). 
Rubber—acid hose for piping (all cones.). 
Stoneware—gas and liquor pipes, (all cone: 
tanks (above 5 per cent), pumps, lifts, fans. 
‘Tantalum—aqueous, hot or cold. 


rom 1 to 30 per vent), 
1 low tempe.). 


all low temps.), absorption systems, 


7. Acid, lactic. 
Bronze—pumps (all cones.), 
Copper—evaporators, tanks, and pipe (all cones.; all temps.), 
Enameled steel—evaporating pans, tanks, pipes, pumps (for edible producta) 
(all cones.). 


8. Acid, mixed. 


Acid-brick—tanks. 
Cast steel—tanks, pumps. 

Enameled iron—nitrators, 
High-chrome alloys—dipping baskets. 
18-8—dipping baskets, 
Lead—nitrators. 

Steel—tanks, pipe, nitrators. 


9. Acid, nitric. 


Acid-brick—towers and packing (conc. 60 per cent; all temps.). 
Fused silica—gua piping and condensers (all cones.). 
High-chromium iror 


High-silicon iron—gas piping, condensers, pumps, fans, and liquor (all 
conca.) 

Stainless steel—chromium-nickel-iron alloy 

Stoneware—gas piping, condensers, absorption systems, pumps, fons, and piping 
(all cones.). 


10. Acid, sulfuric. 


Acid-brick—absorption towers (cones. < 75 per cent; high temps.), absorption- 
tower packing, pickling tanks (6 per cent сове.) 

Aluminum bronze—pickling apparatus (6 per cent eonc.), pumps (low cone,). 

Cast iron—absorbers and tanks (cones. from 85 (о 98 per cent), pumps nnd lifts 
(cones. from 90 to 98 per cent). 

Coke—absorption-tower packing. 

Concrete—pickling tanks, 

Hard rubber—pumpa (cones. from 1° to 45°B6,; low temps), pipe, tanks, 

High-silicon iron—chamber acid concentration (cones, from 70 to 90 per cent), 

fans, pumps (cones. from 10 to 70 per cent), piping. 


и, 


12. 


13. 


ч. 


15. 


16. 
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RECOMMENDED MATERIALS OF CONSTRUCTION FOR 
DIFFERENT ОЗЕЗ— (Continued) 


Lead [temps. < 320*F. (150*C.)]—chambers, shell for absorption towers (only soft 
lead for 48° to 50°Bé.), lining for pumps (cones. < 70 per cent), lining for pickling 
tanks and agitators, hard lead for fans and pumpe (low cones). 

Monel metal—puinps and tubing [cones. < 15 per cent; temps. < 302*F. (200°C.)], 
pickling apparatus (6 per cent cone.). 

Quartz—absorption tower packing. 

Stainless steel (КА 0 to 10 per cent and 95 to 122.5 per cent; 

Steel—absorbers and tanks (cones. from 90 per cent to fuming), pumps nnd lifta 
[90 per cent соти f. < 149*F. (65*C.)]. 

Stoneware—absorption-tower packing, fans, pumpe (all cones.), pickling apparatum 
and pickling tanks (6 per cent cone. 

"Wood—pickling apparatus (6 per cent е 


), tanks (cones. < 20 per cent), 


Acid, sulfurous. 


Acid-brick—linings of digesters and absorption towers. 

Aluminum bronze—relief gas lines [temps. < 320°Р. 
temp. 21291, (100*C.)], piping liquor [all concs.; t 
ВО» gas piping (temps. < 39257. (200"C.)]. 

Cast iron—8O: burner gas temps. < 392*F. (200"C.)]. 

Enameled iron—tanks [low сопсв.; temps. < 212*F. (1009C.)] 

Hard lead—liquor piping [all cones.; temps. < 212°F, (100°С.)], SOs gaa piping 
[temps. < 392°Е. (200*C.)]. 

Leud—pumps [high conca; temp, < 212°F, (100°С,)], lining for tanks (low concs.; 
temps. < 212*F. (100°С.)), pipe and pipe lining for liquor [(temp. < 212^; 
(10090. У], 8O» gas piping [temps. < 392°F, (200*C.)]. 


0°С.)], pumps [high cong: 
mps. < 212*F, (100*C.)], 


Stainless steel (KA28)—digester 

Steel—shell for absorption system [temps. < 21297. (100*C.)], shell for digesters 
(all cones.; all temps.), rotary burner shells, 

Stoneware—absorption systems (all cones; temps. <212°F, (100*C)], pumps 
[high е temps. < 212*F. (100*C.)], piping for liquor [all cones.; temps. < 


122°F, (50*C.)], SO» gas piping [temps < 392*F. (200*C.)]. 
Wood—asphalted for tanks [low cones; temps. < 212*F. (100°С.)] (yellow pine 
ог cypress), 


Alkaline brines. 


Cast iron, low-carbon open-hearth steel, ingot iron, ste 


Alums. 


пре (all conca:; all tempe.). 
(cones. < 20°В6.), 
é.), pumps (all cones.; all temps.). 


High-silicon iron—pu 
Lead—pumps and lining for 
Stoneware—tunks (cones. 
Wood—tanks (cones. < 20°Вё.). 


Ammonia, anhydrous—liquid. 


Monel metal—pump and valve parts. 
Steel. 


Ammonis, aqua. 


Cnst iron and steel (all еопев.; all temps.). 


Ammonia, vapor. 
Aluminum (all cones.; high temps). 
Nickel—high temps, 
Steel—ordinasy temps. 


аз. 


19. 


з, 
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RECOMMENDED MATERIALS OF CONSTRUCTION FOR 
DIFFERENT USES— (Continued) 


Ammonium nitrate. 


Acid-brick—lining for reaction tubes. 
Cast iron—evaporating pans, coils. 

High-silicon iron—NH; distributor in reaction tuba. 
Stainless steel. 

Steel—heater coils, 

Wood—mixing tank. 


Ammonium sulfate. 


Acid-brick—tank linings (high temps.). 
Aluminum bronze—ammonia saturatore, 

High-silicon iron—pipe and pumps (all concs.). 

Lead—tanks and absorber linings, pumps, pipe. 

Monel metal—filter cloth, ammonia saturatora, extractor baskets, 


Antimony trichloride. 
Enameled iron, lead-lined steel, steel. 
Bleach liquors. 


Cast iron—piping, pun 
Cement—tanks, bleaching tanks. 


s, tank linings, auxiliaries (cones. <3 g. available ој 


Monel metal—val 
per liter). 


Calcium chloride. 


Cust iron—evaporators, piping. 
Steel—evaporators, piping, tanks. 


Caustic alkalies. 


5 Mn best)—pots for fusions [sones. from 50 to 95 per oent; 
temps, < 482^F. (250°С.)|, kettles and nutoclaves (all eones.: all taraps.), pumps 
and piping [all cones. temp. < 176°F. (80°C.)}, valves (all cones; all temps.) 
(lubriested with graphite), salt catches. 

Caat ateel—kettlea and autoclaves. 

Copper—filtrations. 

Monel metul—filter cloth, pumps, ev 

Nickel—evaporator tubes. 
teel—evaporators, pumps, piping fall cones; temps. <212°F, (100°C,)], tanks 
(all eonca.; all temps.). 

Steel, low-carbon open hearth (seamless)—evaporator tubes. 


Cast iron (low Si and 


porutor tubes, autoclave linings, salt catches. 


Chlorine (gas). 


Cast iron—piping [dry gas; temp. of about 212°F, (100°С.)}, fans (moist gas; 1 per 
cent conc.; low temps.), ehlorinators. 

Earthenware—sewer-pipe piping [moist gas; temps. slightly > 21291. (100°C))|, 

Enameled iron—chlorinators. 

Everdur—valve bodies. 

Fused silica—piping (any temperatures). 

Glass—chlorinators. 

Hard rubber—up to 10 Ib. per sq. in. pressure (low temps.). 

High-silicon iron—piping [dry gas; temp, 21257. (100*C.)], fads. 

Lead—lining for pipe [moist gas; temps. < 212*F. (100°C.)], chlorinators, 


35. 


26, 


эт. 


28. 


29, 


зо. 


а. 
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RECOMMENDED MATERIALS OF CONSTRUCTION FOR 
DIFFERENT USES— (Continued) 


Monel metal—valves (dry and liquefied gas). 
Monel—valve-stem seats. 

Nickel—piping, high temp., 300 to 800°F. 
Bilver—redue'ng valves. 

iteel—piping [dry ga: 
itellite— valves, 
toneware—piping (dry gas; low temps.) (flanged, with rubber gaskets). 
Stainless steel— piping, high temp., 300 to 60°F, 


emp. to 300*F.)], chlorinators, high-pressure Cylinders. 


Chlorine (solutions). 


Enameled iron—pumps and piping. 

Hard rubber—pumpe and piping, valves (low temps.). 
High-silicon iron—pipe, pumps. 

Stellite—valves, 
Stoneware—pumps, piping, 


valves, tanks, jars, ete, 


Electrolytic cells. 


Asbestos—diaphragm, 
Conerete—bodi 
Piltros—diaphragm, 
Btecl—bodies. 


Filtrations (strong acid: 


Asbestos, Filtros, porous stoneware, sand, wool, porous carbon. 
yon— filter cloth (temp. below 130°F.). 


Filtrations (weak acids). 


Cotton, Filtros, ground quartz, mone 
nitrocellulose, 
Human hair, glass cloth, porous carbon, porous rubber, Vinyon (below 1309F.). 


etal cloth, porous stoneware, wool, 


Fruit juices. 


Aluminum—kettles, evaporators, 
Enameled iron—evaporators, tanks, pipe. 
Glnse—piping (all cones.). 

Hard rubber—pumps, piping (low temps.). 
Monel metal—evaporators, tanks, pipes. 

1 copper—evaporators, tanks, pipes, 
Tinned е tanks, pipes. 


ivers, 
ag, condensers. 

Reductions. 

Cast iron, high-silicon irons, lead, monel metal. 


Soda pulp, black liquor, 


Cast iron—evaporators. pumpe (all concs.; all temps). 
Monel metal—evaporator tubes. 
Steel—tanks, evaporators (all cones.; all temps.). 
Wrought iron—evaporators. 


33. 


34. 


зт, 


40. 
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RECOMMENDED MATERIALS OF CONSTRUCTION FOR 
DIFFERENT USES-— (Continued) 


Sodium carbonate. 
Cast iron, steel; wood (low concs). 


Sodium chloride. 


Admiralty brass—sea-water condenser tubes. 
Bronze—pum 

Cast iron—pumps, piping (all coni 
Cement—tanks, 

Copper—tubes for heaters, evaporators. 
‘Enameled iron—tanks, piping. 

Monel metal—pumps, tubing, filter cloth. 
Naval bronze—pumps, piping. 
Bteel—piping. 

Wood—tanks, 

Wrought iron—piping. 


Sodium hydrosulfite. 
Lead—absorber and tank lining, also piping [20 per cent сопе.; temp. 77°F, (25*C.)]. 
Sodium hypochlorite. 


Concrete, soapstone, stoneware, wood [20 per cent cone.; temp. 77°F. (25°C.)}, 
See also Bleach liquors. 


Sodium nitrate. 


Cast iron, steel (all cones,; all temps.). 


Sodium sulfate. 
Cast iron—pumps (all eones.; all temps.) 
lvanized iron—erystallizing pans. 

iteel—tanks (all cones.; all temps.). 
Wood—filter presses, crystallizing p: 


Sodium sulfide, 


Acid-brick—furnaces, 
Inconel- 
Lend—tank lining, pi, 
Nickel—soluti 
Stainless steel- 
Steel—tanks, piping, cooling pans (high conca.). 
Stoneware—tanks, piping. 


Sodium thiosulfate. 
Hard lead, lead lining, monel metal, n 


kel, stoneware. 


Sulfite pulp liquor. 


Cast iron—evaporators, pumps. 

alloys—eyaporators. 

Special alloys of chromium and nickel with copper and molybdenum— pumps, 
valves, evaporators. 

Wood—tanks. 


Sulfonations. 


Brick-lined steel—sulfonators. 
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RECOMMENDED MATERIALS OF CONSTRUCTION FOR 
DIFFERENT USES—(Continued) 


Cast, iron, enameled iron, lead. 
Steel—sulfonators. 
42, Sulfur chloride 


Earth 


aware, glass, lead, steel, 


43. Sulfuryl chloride. 
Glass, lead. 


44, Zinc chloride. 


Cast iron—fusion kettles, hot solutions, 
Enameled iron—concentration, fusion, 

Hastelloy B—solutions, hot, concentrated. 

Rubber-lined steel—storage or shipping (low cone., low temp.). 
Steel—tanks (hot solutions if free from copper). 
Stoneware—tanks, pipes. 


Table 1, Concrete for Chemical-tank Construction” 


Solutions Applications Treatment 
Ammonium hydroxide... | Storing strong ammonineal liquors | Inside conting of tar 
Beach liquor... 222: Bleue tanka, stuff chesta and bleachrs in | Хо spec treatment веома 
pope pone 
Bins... ‘Tints for bolding brine solutions ín paper | No apacia! treatment necessary. 
manufacturing, alt works, and vegetable- 
~ Kling planta 
Cileium chloride Containers о special treatment necessary 
Coconut © Storage tanks о special treatment neoesaary 
Cottonseed cil Storage tanks | No special treatment necessary 
mM Storage tanka | No special treatment песевмалу 
es Depositing tanks in dectelytie reining of | Asphalt coating usod 
yere. Storage tanks | Coating of rich mortar 
Hemlock liquaes Storage tanks | Treated оп inside with n bruth 
‘oat of neat cement 
Hydrochlorio acid. Chemial-sediment tanks (dilute acid) ^ | Lined inside and outside with 
5 special costing 
Leaching bark. Storing and handling of lesching-bark | Inner КОЛУ plastered with 
solutions cement mortar 
Mineral oils. Storage tanks Coating of rich mortar 
Моше... Storage tanks No special treatment necesa; 
Peanut oil, -| Storage tanks No special treatment neces 
Quebracho extract.. Handing of quebracho extracts Inside plaster eoat of d; 
cement mortar 
folium йе... Storage tanks у 
Брајана Storage tanks о treatment neneary 
Sulfur acid, Digester tanks for boiling wood chips With brick laid in Банде 
Depositing tank In electrolytic refining of | Asphalt coating used 
fine 
Storing of fuming acid Lined with lead 
Storing 5% sulfurle acid Lined with mastic 
‚| ма for beam-house work na tannery | No special treatment, necessary 
Я | Storage tanks Coating of rich mortar 
А | Storing concentrated solutlons of sine 
| chloride 


* From Chem, & Met, Enga September, 
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Table 2. Resistance of Metals and Alloys to Corrosive Gases* 
Part І. Typical Composition of Alloys for Resistance to Corrosive Gases 
(in Presence of Moisture) 


MATERIALS OF CONSTRUCTION 


Representative 
Trade Names or 
Туре Number (See 
Composition ‘Tables 3 and 5) 
Moist 80:9 
14-18 Cr, bal, Fe, 0,12 max. € tainless type 430/ 
23-30 Cr, bal. Fe, 0.35 max. C f ` -Stainless type 446) 
17.5-19 Cr, 8-9 Ni, bal. Fe, 0.08 max. С.... Stainless type 3040 
pal. Fe, 0.08 max. C. р Stainless type 304 
а Fe, 0,20 max. С. Stainless type 300. 
17-19 Cr, 7-9 Ni, 1-1.5 Cu, 1-1.5 Mo, bal, Fe, 0.15 max. C. Stainless type 315 
18-20 Cr, 14 max. Ni, 3-4 Mo, bal. Fe, 0.10 max. Stainless type 317 
Durimet 
Duriron 
| Hastelloy С. 
nical lead 


99.93 Pb, 0,06 Cu.. 


94 Pb, 6 Sb. ЕЕ > Antimonial lead. 
ARS reer POREN Tantalum 
‘Moist! Мигова Gases? 
14-18 Cr, bal, Fe, 0.12 max. C . Stainless type 4307 
0 Cr, bal. Fe, 0.35 max. С Stainless type 446 
17.5-19 Cr, 8-0 Ni, bal. Fe, 0.08 шах, C +++ Stainless (ype 3049 
9-10 Ni, bal. Fe, 0.08 max. C. Stainless type 304 


12-14 Ni, bal. Fe, 0.20 max. С. " А Stainless type 309 
17-19 Cr, 7-9.5 №, 1-15 Cu, 1-145 Mo, bal. Fe, 0.15 max. C Itainless type 315, 
‚ 3-4 Мо, bal. Fe, 0.10 max. С..... ++ Stainless type 317 
58 Ni, 17 Mo, 5 W, 6 Fe. Hastelloy С 
53-60 Ni, 18-24 Cr, 5-7 Mo, 4-8 Ре, 1-8 Cu. ++ Шип G 
14.5 Si, 0,8 C, bal. Fe. sss. Dutiron 
100 Ta... ++ > $ " ... Tantalum 

Moist Hydrochlorie Acid Vuporse 
62 Ni, 30 Mo, 5 Fe < Намећоу B. 
+ Намеоу О» 
+ Durichlor 
1 Tantalum 


.. НамјеЦоу CA 
+ Tantalum 


55-60 Ni, 18-24 Cr, 5 MM E Mon! 
99.93 Pb, 0.06 Cu. i Chemical lead. 
86 Cu, 10 Al, 4 Ре. Г” "= Ampeo 

+ Based on Chilton and Huey (Ind. Eng. Chem., 24, 125 (1932)]; " Tables of Chemical 
Compositions, Physical and Mechanical Properties and Corrosion-resistant, Properti 
of Corrosion-resistant and Heat-resistant Alloys" (Proc. Am. Soc, Testing Materiala, 
30, Part I, Suppl, (1930)]; “Moder Alloys" [Chem. & Met, Eng., 39, 407 (1982); and 
other sources. 
= Alloys from column headed Moist Sulfurous Atmosphere, A.S.T.M. Tables, 1080. 
loys taken from column headed Nitric Acid, recommendations for all concentra- 
tions at room and some higher temperature. 

= Alloys taken from column headed Hydrochloric Acid, 
recommendations. 

4 Alloys taken from column headed Chlo 
mendations. 

* Alloys taken from column headed Hydroftuorie Acid, А.В.Т.М. Tables, 1930, and are 
the only ones unqualifiedly recommended by the manufacturers; попе are recommended 
for hot solutions. 

1 Nearest type number to compositions listed, A.S.T.M. Tables, 1930, 

и Columbium-modified compositions also applicable. 
^ Low temperatures only. 


S/T.M. Tables, 1930; same 


ne in Aqueous Solution; same recom- 


RECOMMENDED MATERIALS OF CONSTRUCTION 2107 


Table2. Resistance of Metals and Alloys to Corrosive 
Gases *— (Continued) 
Part II. Typical Composition of Alloys for Resistance to Direct Gaseous Attack 
(in Absence of Moisture) 
Attack by Air and Oxidizing Fuel Gases* 


|. Representative 
Mac. temp, ету 
recommended, Composition people 
С, (see Tables 3 and 5) 
500 Aduic 
5002 .4 Fe, | Ма Monel 
540. = з Stainless type 4204 
55 |. Fe Stainless type 414 
700 5 Ti, 0.5 AL Konel 
7005 ü Nickel, 
7002 795 Ni, 13 Cr, 6.5 Fe Inconel 
760° 18-20 Cr, 9-10 Ni, 0.2 C, bal. Fe Stainless Type 302 
‘800+ 58 Ni, 20 Cr, 20 Fe, 2 Ма Наме оу А 
800^ 85 Ni, 108, 3 Cu, 2 А! Hastelloy D 
815 14-18 Cr, bal. Ре Btainless type 440. 
8155 Stainless type 309 
пре |36 Ni, IIS Cr bal, Fo АТ 
9252 23-30 С, bal. Fe 
9503 6.5 Ni, 14 Cr, BW ai Fe 
1000 Cr, 15,5 W, bal. Ре 
1000 Cr, 4 W, bal, Fe 
1000 Cr, 8 W, bal, Fe Stellite No, 12 
1000. Mo, 14 Gr, 5 W, 6 Fe Hastelloy C. 
1150€ г Nichrome V 
Attack by Su 
540 18-20 Or, 9-10 Ni, 0.2 C, bal. Fe Stainless 302 
540 14 Cr, 035 C, Wh е Stainless бе 4204 
815 14-18 Cr, bal. Fe Stainless type 40 
925 23-30 Cr, 035 max. C, bal. Fe Stainless type 446 
Attack by Е 
480 18-20 Cr, 9-10 Ni, 0.2 C, bal. Ре Stainless type 302 
540 22-26 Cr, 12-14 Ni. Stainless type 309 
705 18-20 Cr, 14 шах, Ni, 3-4 Mo, bal. Fe, 0.10 шах. С Stainlese type 317 
785 Ni, 8 Cr, 1 Bi, 0.4 C, bal. Fe Cyclops No, 17 
900 18 Cr, bal. Fe Chromax 
1000 | 45 Ni, 55 Са Advance 


+ Based on Chilton and Huey (Ind. Eng: Chen. 34, 125 (19) "Tables of Chemical Compositions, 
Physical and Mechani Properties and Corrosion-resistant Properties of Corrosion-resistant and. 
Heat-resistant Alloys," Proc. Ат. Soc. Testing Materials, 30, Part 1, Suppl. (1930)]; "Modern Alloys," 
Chen. & Ма. Бо; 38, 407 (1052); and other sources. 

a Alloys are listed under the lowest maximum operating temperature recommended by any manufacturer. 
for material of substantially the same composition ( ‘ables, 1930). Manufacturers vary widely 
in their recommendations; some recommend alloys of ыныр са ин alloy content for higher 
temperatures 

ecommended for oxidizing fuel gases at the same temperature (A.S.T.M. Tables, 1930). 

e Nickel alloys recommended only in absence of sulfur-containing. m- 

4 Nearest type number to Lx pe listed, A.S.T.M. Tables, 1930. 

* Only those alloys recommended for Н: |; the temperature is the lowest 
recommended by any manufacturer for substantially the same composition (A.S.T.M. Tables, 1930). 

7 Taken from column with this leading in A.8,T-M. Tables, 1930; the temperatures given are ths lowest 
recommended by any manufacturer for any of the three gases Гог substantially the ваше alloy composition, 
Note that the metals should not be used at high pressure at these temperatures; see Maxwell (Trans. Am, 
Boc. Metals, 24, 213 (1936) |. 
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Table 6. S.A.E. Steel Numbering System* 


_ Compositions that do not conform to the 8.А Е. compositions or that are not included 
in the 8.A.E, Standard, should not bear the prefix “В.А. 

A numeral index system is used to identify the compositions of the Б.А.Е. steels, 
Which makes it possible to use numerals on shop drawings and blueprints that ara 
Partially descriptive of the composition of material covered by such numbers. The first 
digit indicates the type to which the steel belongs: thus 1— indicates a carbon steel, 2- a 
nickel steel, and 3— а nickel chromium steel. In the ease of the simple alloy steels the 
Second digit generally indicates the approximate percentage of the predominant alloying 
flement. Usually the last two or three digits indicate the average carbon content in 
| ог hundredths of 1 per cent. Thus 2340 indicates n nickel steel of approxi- 
per cent nickel (3. and 0,40 per cent carbon (0.35 to 0.45); and 71360 
n tungsten steel of about 13 per cent tungsten (12 to 15) and 0.60 per cent 
arbon (0,50 to 0.70). 

In some instances, in order to avoid confusion, it has been found necessary to depart 
from this system of identifying the approximate alloy composition of a steel by varying 
the second and third digits of the number. An instance of such departure is the steel 
numbers selected for several of the corrosion and heat-resisting alloys. 

The basio numerals for various types of Б.А ЈЕ. steel a 


Type of Stoel Numerals (and Digits) 
Carbon steels lxxx 
Plain carbon 10хх 
Free cutting (screw stock) Пах 
free cutting, mangan > Х1Зхх 
High manganese.,.... > + ТіЗах 
Nickel steels... xxx 


0,50 % nickel 
1.50% nickel 
nickel. 
5.00 % nickel 


Nickel chromium steels. 


1, 0.60% chromium 
nickel, 1,00 5; chromium 
nickel, 1.50% chromium 
00 %, nickel, 0,80 *;, ehromiur. 
Corrosion and heat-resisting steels. 
Molybdenum steels, 


Chromium 
Chromium nickel 4dxx 

Nickel. ........ { 46xx and 48xx 
Chromium steels. 5кхх 
Low chromium. Бїхх 
Medium chromium, e 52ххк 
Corrosion and heat resisting. Б1ххх 
Chromium vanadium steels. , . TEE бххх 

"Tungsten stoels Txxx and 7xxxe 
fxxx 


Silicon manganese stee 
Prefixes: 
The prefix X is used in numerous instances to denote variations in the г 
elements. 
The prefix T is used with the manganese steels (1300 series) to avoid confusion 
with steels of somewhat different manganese range that have been identified by the same 
numerals but withaut the prefix. 


ge of 


* Reprinted from the S.A.E. Handbook, 1940 edition, by permission of the Society of 
Automotive Engineers, Inc. 
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Table 6. S.A.E. Steel Numbering System— (Continued) 
Chemical Compositions 
Carbon Steels 


SAE. Carbon Manganese Phosphorus, Sulfur, 
No. range range max. max. 
1010 905015 | 030-060 0.045 0.055 
1015 0:10-0:20 0.30-0.60 0.045 0.055 

х1015 0210-0. 0.70-1.00 0.045 0:055 
1020 0:150 0.30-0.60 0,045 0.055 

x1020 0:15-0:25 0.70-1.00 006 0,055 
1025 0.20-0.30 0.30-0.60 0.045 0.055 

х1025 0.20-0.30 0.70-1.00 0.045 0.055 
1030 0.25-0.35 0.60-0.90 0:05 0.055 
1035 0.30-0.40 0.60-0.90 0.045 0.055 
1040 0.35-0.45 0.60-0.90 0.045 0:055 

хюю 0.35-0.45 | 040070 0.045 0.055 
1045 0:40-0:50 0.60-0.90 0.045 0.055 

XIS 0.40-0.50 0.40-0.70 0.045 0.055 
1050 04505 | 09050 0.045 0,055. 

X1050 0:45-0:55 | 04-070 0,045 0.055 
1055 0.50-0.60 0.60-0.90 0.040 0.055 

х1055 0.50-0.60 0.90-1.20 0.040 0.055 
1060 0.55-0.70 0.60-0.90 0:00 0.055 
1065 0005 | 00-09% | 000 0.055 

1065 0.60-0.75 | 0.0120 | 0.040 0.055 
1070 0:080 | 060090 0,040 0.055 
1075 0:70-0:85 | 050-090 0.040 0:055 
1080. 0.75-0.90 | 060% 9.040 0.055 
1085 0.80-0.95 | 060090 0,040 0:095 
1090 0.85-1.00 0.60-0.90 0,040 0.055 
1095 0.90-1.05 | 0:25-0:50 0,040 0.055 

Free Cutting 8 

SAE. Giu | еа | ciem Sulfur. 
No. таме range тие range 
m 0.08-0,16 0.60-0.90 0.09-0.13 0.10 -0.20 

xim 0.08016 | 04-099 | 00015 | 0203) 
115 01000 | 0702199 | 005m. 0075-0-15 
1120} 0.15-0.25 0.60-0.90 0.045 max, | 00/505 

xis 0.10-0.20 1001.30 | 005m. | 0050. 

xus 0,10-0.20 1.30-1.60 0.045 max. 0.075015 

X330 025035 1.35-1.65 0.045 mar, 00/5015 

1535 0.30-0,40 | 1:35-1:65 0.045 max. | 00754015 

X340 03505 | 13516 | 0.045 max. 0.075-0.15 


t The Iron and Steel Division contemplates dis 
gradual displacement in industry by S.A.E. 1115, 


1120 at an early date in view of its 
Note— Dec, 7, 1937.) 


214 


range 


Chromium 


SESS пала 
$5832 22322 


$5555 sss 


Nickel 
range 


| 


Phosphorus, 
max. 


RRRRR 88888 


8825 58555 


8558 56855 


8333 33333 
5555 s 


Sulfur, 


max. 


Phosphorus, | 


kel Steele 


Manganese 
range 


Manganese Steels 
Phosphorus, 


Chemical Compositions 
Nickel Chromium Steelst 


Manganese 


Manganese 
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Table 6. 


$2955 85955 


For electric and acid open- 


icon content shall be 0.15 minimum. 


T Silicon range of all S.A.E. basic open-hearth alloy steels shall be 0.15-0.30, 


hearth alloy steels, the в 


79 


52558 
33223 


S8888 


33333 


[COE SSR 
55885 555 


Molybde- 
пш ray 
Chromium. 
range 
Vanadium. 
De- 
| Min. | De, 


Nickel 
Tange 
Chromium 
range 


| Chromium 
| =“ 


Steelat 
Sulfur, 
max, 
Sulfur, 
max. 


Phosphorus, 
max. 

Vanadium Steelsf 
| 


33332 2355 


55595 soso 


шах. 


33322 338 


55555 dés 


Chromiu 


SIRR 555% 


55555 55 


cosso sss 


Molybdenum 
Phosphorus, 


RESRR 253 


555 


555 


Chemical Compositions 
Manganese 
range 


range 
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Manganese | Phosphorus 
; basic open-hearth alloy steels shall be 0.15-030. For electric and acid 


fhe silicon content shall be 0.15 minimum. 
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Manganese 
range 


| 
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$84 
555 
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Table 6. 
Carbon 
Tange 
Carbon 
range 


BAB, 
No, 
{Silicon range of all 8. 


'open-bearth alloy 
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Table 6. S.A.E. Steel Numbering System-— (Continued) 
Chemical Compositions 
Tungsten Steelst 


Carbon | Manganese, | Phosphorus, | Sulfur, | Chromium | Tungsten 
range max | шш | тшш. range range 
0.50-0.70 0.30 0.05 | 0.0% | 3.00-4.00 | 12.00-15.00 
0.50-0.70 0:30 0:055 ooo | 3.000 | 15.00-18.00 
0,50-0.70 0.30 | 0.035 | 0.040 35100 | 1.50- 2.00 
Silicon Manganese Steels 
Carbon. Manganese. Phoephorus, Sulfur, Silicon 
range range max. max, range 
0.50-0.60 0.60-0.90 0.040 0.050 | 1.80-2.20 
0.55-0.65 0.60-0.90 0.00 0.050 | 1.80-2.20 
Corrosion and Heat-reaisting Alloys 
RAE urbon, [Manganese] Silicon, | Phosphorus] Sulfur, | Chromium | Nickel 
№. max, шш. | mae | шш (| шы | range range 
3005 | 00 |o.2%0.70| 0.25 | 0.03 | oos |17.00-20.00| 8.00-10.00 
т opra lema] аа Крыша 
0. | 
X51410 0.12 9.60 0.50 | 0.030 0, 15-0.50 13.00-15.00] 
51335 | 0.25-0.40 0.60 0.50 | 0.030 0.030 12.00-14.00] 
51510 0.12 0.60 0.50 0.030 0.030 [14.00-16.00] 
51710 012 | 0.60 0.50 | 0.030 0.030 16.00-18. 00| 


{Silicon range of all S.A.E. basic open-hearth alloy steels shall be 0.15-0.30. For electric and acid 
open-hearth alloy steels, the silicon content shall be 0.15 minimum, 


Table 7, Properties of High-chromium Steels at High Temperatures 
T T 


TES t Strength at elevated temps., | Creep strength, b. 
| | Composition per cont РИЧИ а etu у е 
с | — ES = 
| vi [mo] si | cp | с oneri | sone. | Toor. | 1000 Е 
|... lu 1300 | 12000 | вою | 5000 | 10.000 | 100 
|o 010 0 | iom | Booo | 200 | 530 | 140 
|1: 0:25) 1900 | 20,000 | 10,000 | 6000 800 
| с 16% | 42000 | 28000 | 18,000 | 17,000 | 4000 | 850 
1126010] 1600 | 56000 | 32000 | 18.000 | 18000 | 4500 | 8% 
| |0.12| 1650 | 60,000 | 40,000 | 18000 | 25,000 | 10000 | 3,000 
3 <2 [0/12] 1700 | 60,000 | 32000 | 24000 | 
2|::|0:20| 2000 | 54000 | 32000 | 16000 | 17000 | 4800 | sso 
i| 10:25 2000 | 45000 | 25000 | 14000 | 17,000 | 5200 | 1000 


them. & Me. Eng, November, 1938. 
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Table 9A. Glass-lined and Enameled Steel* 
а. Coefficients of Heat Transfer for Typical Chemical Enamels.f 
[In B.t.u./(sq. ft.) (hr.) рег (°F. temperature difference) 
1. Dry dust enamel for very severe chemical service (Pfaudler No. 17) 


Steam to water being heated. [coy SRA .U = 60 
Steam to boiling water. PET, э5 U- 80 
2. Dry dust enamel for very severe chemical servire (Pfaudler 
Bteam to water being heated RS OEE AHS EDD, 
eam to boiling water. U- 70 


8. Spr acids and less corrosive mineral 
Steam to water being heated. . 
Steam to boiling water. 

4. Spray dust enamel for mineral acids in general storage service, 

ment of large capacities (Piaudler No. 186). 

Steam to water being heated E 
Steam to boiling water 
b. Other Physical and Mechanical Properties. 

Such physical properties of enamel as the coeffici 
eto., are generally meaningless unless considered in connection with the steel on which 
the lining is applied. Ability to withstand rapid thermal change is tested in an nuto- 
matic machine by intermittently heating enamel plates to 450°F. and then dipping 
them into ice water. However, both temperature and corrosion conditions to be met 
in each service application should be definitely ascertained and this information supplied 
to the manufacturer. 

* From Chem. Ф Met, Eng., December, 1932. 

+ Agitation and size of enameled piece ав related to agitation are determining factors 
in establishing accurate coefficients of heat transfer for equipment of this kind, Good 
agitation may increase values by as much ав 20 to 25 per cent, 


acids (Pfaudler No, 71) 


U= 00 
U = 100 


nt of expansion, tensile strength, 
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Table 10. Chemical Brick, Stoneware, and Cements 
Physical Properties of Chemical Stoneware 


"The accompanying table, which has been prepared by the General Ceramics Co., gives the physi 
properties of ап average grade of chemical stoneware. 16 should be emphasired here that “chemi 
stoneware” is not tho name of a definite material, such as an alloy, but a generic term applied to a wide 
variety of ceramic compositions and hence that, in any particular composition designed to give optimum 
properties in one respect, it will ordinarily be impossible to secure optimum properties in all other respects. 


ifie gravity |. 2.2} Modulus of elasticity, 1b. per sa; а... 8 x 108 
neas, sclercacope. 100] Specifi hest 02 
Tltimate tensile strength, 1. рег sq in... | 2,000) Thermal conductivity, Бао. per hr, Й, 
Ultimate compressive strength, lb. per | (F. in.) 0.833 
жа. їп... | 80,000) Linear thermal expansion, per *F..........2 x 1076 
Modulus of rüptare, Ib. per sd. in. | 5,000] Water absorption, per cent... 0-4 
Makers of Acid-proof Brick and Chemical Stoneware 
Manufacturer | Materials 
Acme Brick Co., Fort Worth, Tex. Acid-proof brick 
Alabama Clay Products Co., Birmingham, Ala. Acid-proof brick 
Alberene Stone Corp. of Va., New York. ... Acid-proof stone 
Atlas Mineral Producta Co., Mertstown, Pa. Acid-proof brick construction 
Bolden Brick Co., Canton, Ohio. .. Acid-proof brick. 
Buckeye Pottery Co., Macomb, Tl Acid-proof ceramics 
Charlotte Chemical Labs., Charlotte, N.C Acid-proof brick, rings 
 Clayeraft Co... Columbus И Aeid-proof brick 
Custodis Construction Co,, New York ‘Acid-proof brick construction, towers, tanks 
Electro-Chemical Supply & Engineering Co., Paoli, Pa.. | Acid-proof brick and masonry construction 
Filtros, Тас East Rochester, N.Y.. ‘Acid-proof mineral as plates, cylinders, etes 
General Ceramics Co., New York Chemical stoneware of all types. 
General Refractories Co., Phil | Acid-proof tower packing, brick 
Harbison-Walker Refractories Co. ‘Acid-proof brick 
B. Мића Hood Co, Daisy, Tenn... Acid-proof tower packings and flooring tiles 
Ironton Fire Brick бо Ironton, Ohio......-, Acid-proof brick 
Keagler Brick Co, Steubenville, Ohio. Ў Acid-proof brick 
Kewaunee Mfg. Co., Kewaunee, Wis, } Karcite carbon-flled acid-proof ceramic 
Maurice A. Knight, Akron, Ohio, Chemical stoneware of all types 
Laclede-Christy Clay Prod. Co., St. Louis, Мо. Acid-proof brick 
Molain Do., Pittabirgh. .-. Acid-proof brick 
McLeod & Henry Со. "Troy, М.Ү Acid-proof brick 
Metropolitan Paving Brick Co., Canton, Ohio. Aeid-proof brick 
National Carbon Co», Inc., Cleveland Carbon brick 
Nukem Products Corp. Buffalo, N. Y Acid-prool brick 
Parker-Russell Mining & Mfg. Co., St, Louis, Acid-proof brick 
Patterson Foundry & Machine Co., East Liverpool, Ohio. | Acid-proof lining blocks and grinding balls. 
Quigley Con New York. م‎ А 
Robinson Clay Product Со. of N.Y., New York А 
Southern Clay Mfg. Co., Chattanooga. Tenn. Ac 
‘Thornton Fire Brick Со, Clarksburg, W.Va. Aci 
Uhl Pottery Co. Huntington, Ind. | Acid-proof ceramics 
United States Stoneware Co., Akron, Ohio. Chemical stoneware of all types 


Table 10. 
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Chemical Brick, Stoneware, and Cements— (Continued) 


Makers of Cements and Putties for Acid-proof Brick and Stoneware 


‘Manufacturer 


‘Trade names 


Compositions, applications, types 


Anti-Hydro Waterproofing Co., 
Newark, N. 
Atlas Lumnite 


York. 
Atlas Mineral Products Go., Mertz- 
town, Pa. 


Cement Со, New 


Charlotte Chemical Lab, Char- 
lotte, N.C. 3 
Chemical Construction Corp., New 


ог 
Custodis Const, Co., New York 


Electro-Chemieal Suy 

neering Co., Paoli, 
Filtros, Tne., Hast Rochester, N.Y. 
General Ceramics Co., New York 


ly & Engi- 
к зч 


эр, Goodrich Rubber Co, Akron, 
"The Haveg Corp., Newark, Del 


Johna-Manyille Corp., New York. 
M. W. Kellogg Со., New York 

Maurice А. Knight, Akron, Ohio. 
Nukem Products Co., New York 


Paraffine Cott, Ban Francis 

Patterson Foundry & Machine Co,, 
Enst Liverpool, Ohio. 

Pecora Paint Со, Philadelphia. 


Pennsylvania Salt Mfg. Co,, Phi 
ара, 

Philadelphia Quarta Co, Phila- 
dolphin, 

Quigley Co, New York. 


‘The Sullivan Co, Memphis, Tann. 


lereiven Cements Co, Sharps- 
burg, Pa. 
‘States Stoneware Co., Akron, 


b 
United 
Ohio. 


Anti-Hydro 
Lumnite cement 


| Tegul-Vitrobond,-Mineralead, 
| Tileset, Kores, G. K., others 


Charlab, Acidpruf, Carolina. 


Acipruf 
Penchlor, Asplit, Kabe mortar 


Duro Standard, Special, Triple 


| Filtros 
Acidproof Nos. 1, 6, 7, 8 


Plastikon, 
| Havegit 41, 43 


[2-м 


Knight 
Buualit, Nu Mastio, 
Basolit 


Plasul- 


Porox Cement. 
Acitite, Acichlor, Cushion 


ме 


Acidproo Nos. 1 and 2 
Acidol, Sulsito 
Insa-Lute, Acidproof 


-Mixt, 


tite and others 


Waters, scid-, alkuli-, oil-resisting 
concrete mix 

Waters, acid», alkalis, oil-ressting. 
concrete mix 

Thiokol-sulfur-base chemical-set- 
ting silicate and resin-base and 
other cements for all acid-proof 
construction 

Standard and chemical-setting sili- 
cate cements; acid-proof putty 


Acid-proof cement. 
ee under Pennsylvania Salt Mfg, 

о. 

Silicate cements for all acid condi- 
tions; also water and steam 
Acid-proof cement 

Silicate cements and linseed oil- 
and asphalt-base putties 


Rubber-base putty 
Solf-handening phenolie resin ce- 
ents for acids 

Caulking compound 

Acid-proof cement 

Silicate cementa for strong acids 
Sulfur-base cementa for acids 


Acid-pròof cement 


Silicate cement for strong acids. 
Slow- and quick-drying comenta 
id elastic putties for acids 
Chemicabsetting silicate cement; 
sel hardening resin eement. 
1:386 ratio sodium silicate for 
id-proof cementa 
eat cementa for acd gases and 
Pouring cements and premixed 
oinents for strong acida. 
setting silicato 


cements, ote. 
ilicate cements of all types, resin 


cements, putties, ete, 
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Refractory Materials— (Continued) 


Representative Makers of Refractories and High Temperature Mortars 


‘Manufacturer 


| Principal types 


Acme Brick Со, Ft, Worth, Tex. 


Alberene Stone Corp. of Va., New York... 
American Crucible Co,, Shelton, Conn. 
Armstrong Cork Co, Lancaster, Pa. 


Atlus Lumnite Cement Co., New York. 


Babcock & Wilcox Co, New York, 
Bartley Crucible & Refr, Co., Trenton, NJ. 


Betson Plastic Fire Brick Co., Buffalo. 
Botfield Refractories Co, Philadelphia 


Lockland, Ohio. 


Philip Carey © 
~ Perth Amboy, № 


Üsrborundum C 


Champion Spark Plug Оо, Detroit... 
Corhart Refractories Со, Louisville, Ky 


Corundite Refractories, Ine., Massillon, Obio. 


Denver Fire Clay Co, Denver. 
у, 8, Dickey Clay Mfg. Co., Kı 
Joseph. Dixon. Crucible Co., Je 
Ehret Magnesia Mfg. Co. 
Electro Refrs. & Alloy 


ийчї, N.Y 
Co, Niagara Falla, N.Y. 
General Ceramics Co., New York 

General Refractories Co., Phila 


Aia 


Gladding, McBean & Со, Los Angeles. 
A, P. Green Fite Brick Co,, Mexico, Мо. 
Hurbison-Wulker Refrs. Co., Pittsburgh. . 


Haws Refr 
Illinois Clay Producta 


tories Co, Johnstown, Ра. 
„ Joliet, Ш 


Ironton Fire Brick Со, Ironton, Ohio. 
Johns-Mauville, New York 


Laclede-Christy Clay Prod. Со, St. Тоша. 
E. J, Lavino & Co, Philadelphia. 

Massillon Refractories Со, Massillon, Ohio. 
Molain Fire Brick Co., Pittsburgh... 


. | Refractories of most types including regular an 


| 


Firebrick and day, high-temperature сепи 
tie refractories 
Refractory linings 
Graphite crucibles, silica and mullite refractories 
Refractory insulating brick, high-tewpersture mor- 
tars, 1800 deg. insulating block and cement. 
Cement for refractory, heat-resisting, and insulating 
concrete 
Glass plant refractories, high-temperature mortars, 
plastic refractories, insulating amd kaolin refrac 
tories 
Jraphite crucibles, magnesite relr 
High-temperature mortars, plastie refractories 
Chrome, firebrick, plastic refractories, high-temper- 
ture mortars 
| High-temperature mortars, insulations 
Silicon carbide, aluminum oxide, mullite and fused 
| ast refractories and high-temperature mortars 
Sillimanite plastic refractories, electric furnace 
Tefractorios i 
High-temperature mortars, clectro-cast mullite 
refractories 
Firebrick, high-temperature mortars, plastio. refrac- 
tories, alumina, silica and mullite refractori 
Firebrick, diaspore and sillimanite refractories, high- 
perature mortars, plastic refractories, fireclays 
Fireclay refractories 
Graphite crucibler 
mpersture mortar 
fused alumina, silicon carbide and mug- 
esis refractories 
Firebrick, glasa plant refractories, high-temperature 


а plas- 


tories 


ortara 

Silicon carbide, alursina refractories 
Alumina and silicon carbide 

Special refractories 

Fired and unfired chrome and magnesite 
high-temperature mortars, plastic and si 
tories 

Firebrick, insulating brick and plastics, bigh-bem- 
perature mortars, plastie refractories, fireclays 
Firebrick, „insulating firebrick, high-temperature 
mortars, plastic and castable refractories, fireclaya 


firebric 
cn refra 


; chromo, mag- 


super fireclay, bigh-aluminu, h 
nsulating firebrici 
jortars 


nesite, Fosterite brick; day 
and mortars; high-temperat 
Firebrick of all kinds, silica briel 


, fireclay 


`| Firebrick, high-temperature mortars, insulating 


comenta coatings and brick 
Fireelay refractories, refractory cements, fireclay 
Bonding mortars, ‘eastables, ramming mixtures, 
lastic and insulating refractories 

irebeick, high-temperature mortars, 
tories, glass plant refractories, fireclays 
Chrome and magnesite refractories, high-tempes 
‘sture mortars, silica refractories, fireclays 
| Firebrick, high-temperature mortars. plastio refrac- 
faces, special compositions 
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Materials— (Continued) 
ries and High-temperature Mortars 


Manufacturer 


Principal types 


McLeod & Henry Со. Troy, N.Y. 
Mullite Refractories Co,, Shelton, Conn. 
National Carbon Со, Ine., Cleveland. 


Niles Fire Brick Co.” Niles, Ohio. 
North American Reirs. Co, Cleveland 


Norton Co., Worcester, Mass. 


Pacifio Clay Products Со, Los Angeles 
Pyro Clay Products Co., бак Hill, Ohio. 
Quigiy Co, Inc, New York. 


Ramtite Co., Chicago. 
Refractory & Insulation Corp., New York. 
Robinson Clay Product Co. of N.Y., New York 


Ross Tacony Crucible Со, Philadelphia. 


St. Lonis Firo Brick & Insulation Co., Huntington 
Park, Calif 


Seaboard Refrs. бо, Perth Amboy, NJ. | 


Chas, Taylor Sous Co, Cincinnati. 


‘The United States Stoneware Co., Akron, Ohio. 
M.D. Valentine & Bro. Сол Woodbridge, N.J, 
Vitrefrax Corp. Los Angeles. 


Firebrick, high-temperature mortars, plastic-refrac- 
tories, firoclays 

High-temperature mortars, plastio refractories, mul- 
lite refractories 

Carbon refractories 

Firebrick, insulating refractories 

Fireclay, super, insulating and silia brick, high- 
temperature mortars, plastic refractories, fireelays 
High-temperature mortars, silicon carbide, fused 
lumina and magnesia, raw materials, coments, 
refractory shapes 

Plastic refractories 

Glass plant refractories 

Firebrick, insulating refractories, auper Srebrick, 
high-temperature mortars, plastio refractories. 
High-temperature mortars 

High-temperature mortars 

High-temperature mortars, firebrick and! day, 
insulating refractories 

Graphite crucibles and stopper beads, magnesite 
refractories 


rebrick, high-temperature mortars, plastic and 

insulating refractories, silicon carbido and mullite 

refractories. 

Firebrick, glass plant and insulating refractories, 

sillimanito 

Plastic and castable refractories 

Firebriek. 

| Glass plant refractories firebrick, high-temperature 
mortars, plastic refractories, firoclays 
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Table 12. Structural Carbon and Graphite 
Physical Characteristics of Carbon and Graphite Products 


| | |25. 
(Strength, Ib. per sq. in. E PI 
Е ЕЕ 
Material and Form 3 т = я 
Е | Com- sq | ВА (ese 
Sle] | ЁЗ Bak 
Carbon cylinders: [m | 
+ Bin da. 11.54 | 96.0 60 
10-14 in. dia: ic ES 95.0} 6.0 
17-24 in, dia, inc. 1.54 | 96:0] 6.0 
30-40 in. фа. inc 1:54 | 96.0 6.0 
Carbon bl 
4 X 4 in. to 6 X Gin. inc... А57 | 97.8) 40 
X Gin. to 20 xx 20 in. inc... |1.35 | 96.7] 4.0 
15 X 30, 24 X 30 & 24 in, sq... 1.54 | 96.0} 40 
Carbón tubes: 
i 1.51 | 94.2 3.0 
1:49 | 93:0 3.0 
Dependent on applestioo...... |1.56 07. 3.0 
Graphite суйат 
516 in. din. inc 1.56 | 97.3 8.8 мо 
. din. ine. 1:55 | 967 80 79.0 
„фа. |133 | 953 67 2010 
16 18 in. dia. 1:53 | 95.3 67 70.0 
20 in. dia. 1:33 | 95:3 67 700 
Graphite squares and slabs: f 
To 5 in. thick in 56 | 97.3] 8.8 940 
in, thick to 1 155 | 96.7 80 84.0 
‘Over 144 sq. in ве 153 | 95.3 62 79.0 
Graphite tube 
1.68 |104.7] 780) 4550 | 2820 | 140 94.0 
1:67 10:0] 870] 5100| 2980 | 130 84.0 
Graphite b 1:56 | 97:3) 700) 3050] 1750 | 88 84,0 
Кабше No. | (impervious car- 
Tubes 4-2 in. i. d. ine 1.77 [110.0] 1.700] 10,500 | 4,170 | 29.0 0.00164 27 | 3.0 
Over 2 in. i. d, |1.76 [110.0] 2.000] 10,500 | 4,640 | 26.0 0:0016 | 33 | 28 
Karate No, 2 (impervious 
phite): 
pubes 34-2 in 1.86 |116.0/2600| 8900| 4650 | 23.0 0.00034) 23 | 85.0 
Over 2 in. i d. 1:91 [119.0] 2350| 10,500 | 4980 | 21.0 |0:00033] 24 |75.0 
Jarboodll (porous carbon 
Grade C (finest) 84.0] 50) 1,530 | 2700 | 1.2 [0.0020 | 6 | 3.0 
Grade 60. 69.0] 19) 600) 850 | 512 0.0070 27 | 15 
rude 50. 69.0] 180) 50| 830 | >12 0070 | Z | 14 
Grade 40. $0 120) 320) s| >12 0.0057 | 27 | 10 
Grade 30. 690] 100] 250) 770 | 512 (0,000 | 27 | 10 
Grade 20 68.0] 90) 240) 70 | >12 [0000 | 27 | 10 
68.0] 8) 160) 300 | 512 00080) 27 | 10 
840] 60] 1.080 | 1.680 0.0045 6 | 60.0 
69:0] no 25 2:ј0.0012 | 21 | 50.0 
69.0] пој 250) 500 10.0012) 21 | 45:0 
69:0] 100) 190) 500 |.:::.:::0.0013 | 21 |450 
69:0] 80] 20 520 10:0012 | 21 | 40:0 
68.0] 60) 140 30 177000 | 21 |300 
680 5 140 270 10:0020 | 22 | 20.0 


Note: Coefficient of thermal expansion per degree: 
to temperature PO = [L8 K -+ 0007 СО 10 
acids and alkalies, 

"see following table for additional data. 


То temperature t*F = [K + 0.003% (*)] 10-7: 
Carbon graphite products are resistant to most 
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Table 12. Structural Carbon and Graphite—(Continued) 
Physical Properties of Porous Carbon and Porous Graphite 


7 T Т Т 
Average = 
Average pore diameter | Fiter action, | жайт" рег. | Average airt 
| | minimum "| meni at | Permenblity 
Material and Form Porosity, |___ == fiet of | 5 1b./sq. in. P ~ te 
per cent Т particle re- | pressures”, | аше со. 
Inches | Microns | tained a.) gabon BY | "ч аи 
| min. 
| | | | 
36 | 0.002 | 5 | 0.30 
48 |0003 3 | 0667 | 140 
48 | 0009 | 48 000079 | 300 
48 0.0027 69 0.00098 | 45.0 4.0 
48 0.0039 99 0.00173. 80.0 8.5 
48 0.0055 10 0.00300 120.0 70 
в | | м | 0.0059 | 150 350 
36 0.0002 5 0.30 
18 0.0013 3 | ой | o 
48 0.0019 48 0.00079 30.0 
Grade 40. 48 | 0.0027 69 | 0.00098. 45.0 40 
Grade 30, 48 0.0039. 99 0.00173 80.0 8.5 
Grade 20. ...... 48 0.0055 140 | 00000 | 1200 uo 
Grade 10. 48 0.0075 | 190 | 0.00590. | 175.0 33.0 
| 


Nota: Carbocell саш. be treated so us to be wettable for use їп caustic filtration, Both are res 
most acids und alkalies, 
* Water at 70°F», | in. thick plate. 


T Air at 70°F, and 760 mm. Hg. pressure, 15 per cent relative humidity, I io. thick plato, 


Makers of Structural Carbon and Graphite Products 


Manufacturer. Produc 


Graphite Corp,, New York Graphite electrodes and various shapes 
ational Graphite & Electrode Corp., St. Mary's, Pa | Graphite electrodes and various shapes 
National Curbon Со. Inc» Carbon Sales Div,, Cleveland | Industrial carbon and graphite producta such 

as: brushes, brick, pipe and fittings, heat 
exchangers, tubes, tower sections, lighting 
carbons, welding electrodes, eta, 


Speer Carbon Co, St, Mary's, Ра. Carbon und graphite brick, platos, blocks, 
tabes, cylinders, bushings, shapes. 
Blackpole Carbon Co., St. Mary's, Pa. Various carbon and graphite producta 


Note: Manufacturers of graphite crucibles are listed under "Refractories." 
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Bakelite. 7:7. 


Beckacite (others). 
Beetle 

Benalite, -loid, 
Butacite 
Catalin... 


Celeron... 
Celluloid, 
Crysalite. 7. 
Cumar. 
Dilecto... 
Duraloy 
Durea... 
Duri 
Duroid. 

Ethocel, oll... 
Formica. 
Нгуен. 
Haveg. 


Негешев.......... 


Негевйе........ 
Indur, 
Insurok. 


Lamicoid (and others) 
Lauxite. 

Lucite.. 
Lomariih.... 
Makalot 
Marbletto.. 
Masuron. 
Micarta. 


Monsanto. 


Neville. .... 


Nixonite, -oid. 
Obmoid 

Panelyte. 
Phenolite. 


Plexiglas, -gura 
in. 


Кашепе (ind others) 


| Plastics Div., Monsanto Chem. Co., 8j 


Bakelite Corp. 
Carbon Corp. 


jew York;* unit of Union Carbide & 


Reichhold Chemicals, Inc., Detroit 
Beetle Prods. Div., American Cyanamid Co. 
Masonite Corp., Laurel, Miss. 

E. I. du Pont de Nemours & Co., Wilmington, Del.* 
Catalin Corp., New York 


Continental Diamond Fibre Co., 
Celluloid Corp., New York 
Rohm & Haas Со, Philadelphia. 
Barrett Co, New York. 
Continental Diamond Fibre Co., Newark, Del. 
Detroit Paper Prods. Corp., Detroit 

General Plastics, Ine., No. Tonawanda, N,Y.* 


w York® 


Newark, Del. 


Durite Plastics, Ine., Philadelphia 
Alas Mineral Prods: Co. of Pa, Mortatown, Pa. 
Dow Chemie Midland, 


Formica Insulation Co, mati 
Irvington Varnish & Insulator Co., Irvington, 
Haveg Corp, Newark, Del. 


Hercules Powder Co., Wilmington, Del.* 


Heresite & Chemical Co., Manitowoc, Wis.* 
Reilly Tar & Chemical Co., Indianapolis, 


`| Richardson Co., Chicago 


John W. Masury & Son, Brooklyn, N.Y. 
Micarta Div., Westinghouse Elec. & Mig. Co., Trafford, 


Pa. 
ipringfield, Мањ") 


Neville Co., Neville Is. Р, O., Pittsburgh 


Nixon Nitration Works, Nixon, N.J 
‘Wilmington Fibre Specialty Co., Wilmington, Del. 


Panelyte Corp. rk 
bre Co., Wilmington, Del. 


National Vule, 


Plaskon Co., Toledo, Ohio 
Е. I. du Pont de Nemours & Co., Plastics Dept., Arling- 
ton, N.J. 


Rohm & Haas Co., Philadelphia 
E. 1. du Pont de Nemours & Co., Wilmington, Del. 
U.S. Industrial Alcohol Co., New York 


Table 13. Plastic Molding Materials 
Representative Makers of Molding Powders and Other Plastic Materials 
Material Manufacturer Type 
 Aluddigite......- wark, NJ. Casein 
‘Alvar (and others)... | Shawinigan Products Corp., New York Vinyl resin 
Апет. ..........| American, Plastics Corp» New York Casein 
National Vulcanized Fibre Co., Wilmington, Del. Laminated phenolic 
Atlas Mineral Prods. Со. of Pa., Mertriown, Ра. Tank lining. 


Molding and cast phe- 
noli 

Lacquer resins 
Ures-formaldehyde 
Lignin plasties 

Vinyl resin 

Molding and cast phe- 
nolies 

Molding phenolic 
Cellulose nitrate 


ated phenolic 
Laminated phenolic 
Molding phenolic 
Phenolic, phenol-furfural 
Bulk and sheet plastics 
Ethyl cellulose. 
Laminated phenolic 
Cashew nut derivative 
Phenolic-buse chemical 


uipment 
Ethyl cellulose, ellloeo 
nitrate, acetate 
Molding phenolic 
Molding phienolio 
Phonolic and uren- 
formaldehyde 
Laminated phenolie 
Plywood resin bond 
Methacrylate resin 
Cellulose acetate. 
Molding phenolic 

2м phenolic 

¢ acetate 

ted phenolic and 
'urea-formaldehyde 
Cast, phenolic, cellulose 
особую and nitrate, 
vinyl, arochlor resins 
Hydrocarbon and се 
‘marone-indene resins 
Cellulose acetate, nitrate 
Laminated phenolic 
Laminated phenolic 
Laminated phenolic 
Urea-formaldebyde 


es rel acetate 
Cellulose nitrate 
Varnish resin 


+ Also makes varnish and laequer resins, 
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Table 13. Plastic Molding Materials— (Continued) 
Representative Makers of Molding Powders and Other Plastic Materials 


Hydrocarbon resin 


Material | | Manufacturer 
Resinox Resinax Corp., New York 
Resoglas 7. Advance Salvi 
Spauldite | Spaulding Fi 
Styron Dow Chemical Co. Mi Mich. 
Synthane, Synthane Corp., Oaks, Pa. | Laminated phenolic, 
Tero. | Resinows Products & Chem, Co, Philadelphia Phenolic plywood bond 
Tenite, «see Eastman Corp., Kingsport, Cellulose acetate 
Теона al Electric Со. Plastics Dept, Pitisteld, Mass,” Molding, laminated 

| phenolics 

Urcinite [шг тет Corp., Cambridge, Mass, Laminated phenolic 
Vnyte Plaskon Co., Toledi Grea-formaldehyde 
Victron Styrene resin 
Y Vinyl resin. 


* Амо makes varnish and lacquer resins 
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Physical Properties of Rubber and Rubberlike 


Materials— (Continued) 
Representative Makers of Industrial Rubber Products and Rubberlike Materials 


Manufacturer 


Products 


American Hard Rubber Со, New York. 


Atlas Mineral Products Co, of Ра, Mertztosn, Pa, 
Boston Woven Hose & Rubber Co., Boston. 

Cr 
[ 


Packing Co., Chicago. 
todis Construction Ci 


York 
Dayton Rubber Mfg. Co. Dayton, Ohio. 
E, 


du Pont de Nemours & Co., Rubber Chemicals 
Diy., Wilmington, Del. 

Firestone Tire & Rubber Ci 
Garlock Packing Со Palmyra, 


ron, Ohio. 
Y 


tr atier Go, Denver iiid 
imer Co Тасолу, Philadephia... 
P. Goodrich Co, Akron Obi... 


Goodyear Tiro & Rubber Co., Akron, Obio, 


Hewett Robber Corp., Buffalo. 
Hydrocarbon Chemical & Rubber Go., Akron, Ohio. 
Jenkins Bros, Rubber Div., Bridgeport, Conn. 


‘Tho Osborn 


Ша. Co. Johns Conveyor Div. Cleveland 
Maurico A, Knight, Akron, Ohio 


Linear Packing & Rubber Co., Philadelphia. 
Luzerne: Rubber бо, Trenton, Nl 


Manhattan Rubber Mfg. Div., Passaic, NJ 


Miller Rubber Co., Akron, Ohio. 
'sramount Rubber Service, 1 


Detroit, Mich, 


Resistoflex Corp. New York 
Self-Vuleanising Rubber Со, Chicago. 


Standard Oil Develo, 

Jos. Stokes Rubber бо, Trenton, NJ 

Thermoid Rubber Co. Trenton, Nai 
Thiokol Corp., Yardville, N.J.....- 


U.S. Rubber Co, New York. 


U.S, Stoneware Co., Akron, Ohio 
Vuleanined Rubber Co., New York 


| Hard and soft rubber, neoprene, and Тый 
ts pipe, ti he, palis pumps rae 
ber, 

Hevbun axel rubber linings and arok ay 
thetic resin linings 

Conveyor and tratemisson belt, haie; повећа 

| ‘cal rubber goods 

| Rubber and syathetio rubber packings 

iste solt rater ала neoprene rubber tarik 
inings 

Oil-proo! rubber belt, transmission belting, and 
‘yutheti rubber products 


Neoprene polymerized ehloroprene rubber 


; | Perbunan synthetic rubber 


Rubber packings, belting, and molded goods 
‘Transmission and conveyor belting 
| Transmission belting 
and abrasion-resistant linings, hose, eon- 
ог and transmission belting, packings, hard- 
rubber pipo and molded goods, rubber painta, 
Koroseal plastic, Anode process, Ameripol tires 
and goods 
Hose, conveyor and transmission belting, packe 
ings, linings, mechanical rubber goods, Pliolite. 
modified rubber plastic, Chemi 
Hose, transmission and conveyor 
Synthetic rubbers (Ameripol) 
Mechanical rubber goods, packings, molded and 
extruded shapes 
John rubber and synthetic rubber "moving pin 
line” conveyors 
Rubber and no 
base tank lini 
Rubber and syz 
Hardrubber pipe, fittings, v 
rayon apparatus and other equipment 
Transmission and conveyor belting, blocks, hose, 
piping, rolls, brake lining, bearings 
Hose, molded products, linings, and coverings 
Seamless rubber linings, rubber paint, molds, 
coatings, and inealations 
Rubberlike oil-resisting resin, various shapes 
Liquid and plastic rabber self-valeaniaing cont- 
ings and lining materials 


elting, packings 


rene-lined drums, Pyroflex resin- 


etie rubber packin 
vos, shapes, tanks, 


+) Perbunan synthetic rubber 


Molded hard-rabber products of all kinds 

Hose, belting, packing, mechanical rubber goode 

| Thiokol aleine polysulphide aynthotio rubber 
crude sheet, molding powder, and liquid dis- 

persons 


.[Hubberined pipe, hard, wemibard and soft 


linings, sbrasion-resistant linings, bard-rubber 
pipe, acid hose, packings, mechanical rubber 
goods and belting we 

lesion and Tygon polymer tank linings, rubber 
lates linings 

| Hard and semihard rubber molded products 


Cop; 
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Table 15. Vulcanized Fiber* 


Marketed forms: 8 = sheet, В = rod, T &R.T. 
Thickness, Mowo in...... ака 4 up 
ing properties. 5 Е Good 
ing qualities. DES Ра Good 
Re HORE 3 ~ Red, brown, white, gray, 
black, olive 
Effect of heat... р ђ ...-. Stable to charting 
Effect of water. ..... ія ^ -. Swells and softens. Warps on 
drying. Not recommended 
Effect of mineral, animal and vegetable oils. .... Very slight absorption 


Specific gravity P ЕТ 1.5 
Specific volume, си. in. per Ib:...... e. 23-1845. 
‘Tensile strength, Ib. per sq 8,000-16,000 


Breakdown voltage, 60 cycle (f gin. sample) volts per 
mil Rise 2 $ 175-500 
* From Chem. & Met, Eng., December, 1932. 


Table 16. Wood for Chemical Equipment 
Physical Properties of Woods 


| | 
| Douglas 


| | ош) Цу i 
ft (123 moisture) |а| м | oe | аа 
lb. рег ва. in. (12% moisture)..| 7.200 | 8100 | 9,300 | 6,900 | 9,500 | 7,900 


essive atr. * lb, per sq. in. (12% mois- 


turo) 4240 | 6450 | 6150 | 4560 | 5390 | 4350 
Thermal cond., Вл. per sq. ft, hr., CF./in) 


| 
| $53 | 077 | 096 | 676 | 116 | 122 
Hardness Е | Mei. | Med. | Hard | Mod | Mod. | Hard 


* At proportional limit, in static bending, and compression parallel to grain, respectively, 


Condition of Woods after 31 Days Immersion in Cold Solutions 
Examined after 7 days drying 


Fir Oak.“ | Oregon pinê | Yellow pine 


Hydrochloric acid, 5% 
Hydrochloric acid, 10% 
Hydrochloric acid, 50%, 
Sulfurie acid, 1%, 
Sulfuric acid, 5%, 
Sulfuric acid, 10%. 
Sulfuric acid, 25% 
Caustic soda, 59%. 
Caustic soda, 10%. 
Alum, 13% ..... 
Sodium carbonate, 10: 
Caleium chloride, 25 
Common salt, 25%, 
Water. 2 
Sodium sulfide, .: 


NAC 
8B 


* The two tables describing the condition of eight varieties of woods used for tanks and other chemical- 
resistant uses are based on a report of James K. Stewart, consulting chemist, to the Mountain Copper Co. 
Martines, Calif. "Testa were conducted on samples 1 X 4 X ¥ in. in size, seasoned and chosen за as to 
be as nearly as possible in the same physical condition as the woods would be when used for equipment 
construction. Results of the tests are described by terms explained in the key on p. 2165. 
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Table 16. Wood for Chemical Equipment—(Continued) 
Condition of Woods after 31 Days Immersion in Cold Solutions* 
Examined after 7 days drying 


Spruce | Redwood | Маре Cypress 

Hydrochloric acid, 5% NAC 
Hydrochloric ucid, 10% NAG 
уйгосМопа acid, 50% SWF 
Sulfurie acid, 1% Зав 
Sulfurie acid, 565 E363 
Sulfuric acid, 10%... SSD. 
Sulfuric acid; 28%. [gre S8p FSD 
Caustic soda, 55; | Msi керер 
Сошо зой, 10%, MSI 


Ålum, 13%, 
ium carbonate, 10% 
Calcium chloride, 25% 
Common salt, 25% 
Water. 
Sodium sulfide 


| Nac. 
| мавевр. 


Condition of Woods after 8 Hr. Bolling in Solutions* 
amined after 7 days drying 


] Oregon pine Yellow pine. 
ара: = [FD 
ChBSNG | FD.Ch.BS8.NG | FD,Cb.B,SNG 


учоо acid, t 
‘Hydrochloric acid, 50% 


Bülfuric acid, 4% sBGC | SB. SBEC 
Sulfuric acid, |8B.GC | 8B. BB.GC 
Bulfurio ucid, 10% | BED,Wpd.NG | SpFD,NG B,Sp ED, NG 
Caustic soda, 5%. MSh GC 
Alum, 13 NAC 88,60 
Sodium carbonate, 10%... GC GC 
Calcium chloride, 25% SBSSGC 58,00 
Common salt, 25% МАС 88,60 
ater ХАС SBGC 
[Redwood | Cypress 
| FSD FSD. 
SNG | FD,Ch, FDCh.B.SNG. 
SBC 58.00 
Sulfuric acid, 5% BB.GC SBFSD 


BPD 
58р 
5800 


Sulfuric acid, 10% Рома | SB,FSD 
Сатай soda, 59 


1 ВВС 
Calcium chlor 8836 
Common salt, 25% МАС 


N NAC 

* The two tables describing the condition of eight varieties of woods used for tanks and other chemical- 
resistant uses are based on а report of James К. Stewart, consulting chemist, to the Mountain Copper Co., 
Martines, Calif. Teste were conducted on samples 1 X 4 X $4 in. im size, seasoned and chosen зо аз to 
be as nearly as posible in the sume physical condition as the woods would be when usd for equipment 
construction. Results of the teste are described by tors explained in the following key: 


Abbreviation Key: 


Water. 


—Brittle NAC—No apparent change Slightly softer 
Ch —Charred Y lightly spongy 
FD —Fiber disintegrated Slightly weakened fiber 
TSD—Fiber slightly disintegrated SB —Slightly brittle ЧИШУ warped 
GC —Good condition. Sh —Shrunk — Weakened fiber 
MSh—Much shrunk Sp —Spongy Wpd—Warped 
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Acme Tank Cou, New Yorke 

Ша раа чы бшу 

Atlantic Tank Corp, North 
Bergen, N.J. 

Axtell Co, Fort Worth, Tex. 

Baltimore’ Cooperage Tank & 
‘Tower Co., Baltimore 

Black, Sivalls & Bryson, Ino, 
Oklahoma City, Okla. 

C. F. Braun & Co, Alhambra; 


"Calif. 
WB: Оон Co, Louisville, 
сы par Lumber Со, San Fran- 


Сое Co, Batavia, Ш. 
A.J. Corcoran, Ine., Jersey City, 


Cypress Tank Co., Shreveport, 


La. 
Dempster Mill Mfg. Со, Bea- 
trice, Neb. 
Drans Tank Co, Fort Worth, 
ех. 


Drummond Mfg. Co., Louisville, 


Ky. 
Dunk Tank Works, Inc, 
Milwaukee 
©. Elina & Bro. Buffalo 
Engle Tank Co, Chicago 
enl Tipe "Е Tank Со, 
‘Seattle, Wash, 
Fibre Conduit Co, Orangeburg, 


MATERIALS OF CONSTRUCTION 
Representative Makers of Wood ‘Tanks and Pips for Chemical Applications 


Fleming Tank Co. Pittsburgh 

Fluor Corp, Ltd. Los Angeles 

Foster-Whedler Cop, New 
York 

General Tank Cop. Kearny, 

Amos Н. Hall & Sons, Phila- 
delphis, 

Hammond & Little River Red- 
wood Co,, Samon, Calif. 

z & Equipment 
ylestown, Ра. 
Hauer-Stander Tank Co., Cin- 

cinnati 
Henderson Bro. Co, Water 


‘Conn, 

в. Vowel Co, Minneapolis 

James Hunter Machine Co, 
North Adams, Mas. 

Johnson & Carlon, Chicago 

Kalamazoo, Tank & Bio Com 
Kalamazoo, Mich. 

Lilet Cooling Tower, 
ne, St, Louis 

ipea Ты Co, Shreveport, 
A 

Marley Co, Kansas City, Kan, 

Michigan Pipe Co, Bay CiU. 
Mich. (Pipe) 

National Tank Co, Tulas, Okla 

National Tank & Pipe Ом 
Portland, Ore. 

New England Tank & Tower 
Co, Everett, Maus. 


"Pacific Cooperage Оо, Portland, 


Pacific Tank & Pipe Co,, Oak- 
Tand, Calif. 

AES Wood Tank Corp., San 
randisco 

Parkersburg Rig & Reel Co., 
Parkersburg, W. Va 

Fred C, Pfeil, Inc., Buffalo, N.Y. 

1. - zs & Co, Kansas 
ity, 

Redwood Mim, Co, Ban 


Francisco 

Wa. B. Scaife & Sons Сон, Оше 
mont, Ps. 

Sehubert-Chrsty Com, St, 

А.Т. Stearns Lumber Co, Bor- 


Treadwell Construction Co. 
Midland, Pa. 
Union Liber’ Соу Ва Prine 


S; Wind Engine & Pump Co. 


Batavia, Ill. 
Wendnagel Co., Chicago 
C, H. Wheeler Mig. Co., North 


-. Phils. Р 
Woolford Wood Tank Co., 
Рату, Ра 

A, уо à Bon Co, Шай, 
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RarERENCES: Norton, “Creep of Steels at High Temperatures," McGraw-Hill, New 
York, 1929. _ Ernst, Reed, and Edwards, A Direct Synthetic Ammonia Plant, Ind. Eng- 
Chen, XL, 779 (1925): "Ernst, Equipment for High Pressure Reactions, Ind, Eng: 
Chem, 18, 004 (1920). Dilley and Edwards, А High-pressure Gas-compression 
System, U. S. Dept. Agr, Cire. 01, 1929. Special High-pressure High-temperature 
Issue, Chem. Met. Eng, September, 1030. Bone, Newitt, and Townend, "Gaseous 
оао at НОРЫ Longmans London, 1929. Tables of Chemical Com- 
ons, Physical and Mechanical Properties and Corrosion-resistant Properties of 
Dorrosion-resistant and Heat-resistant Alloys, Reprint from Proc. Am. Soo. Testing 
Materials, vol. 30, Pt. I, 1930. Bridgman, "The Physics of High Pressure,” Mac- 
millan; New York, 1031. Tongue, "The Design and Construction of High Pressure 
Chemical Plant,” Chapman and Hall, London, 1934. Newitt, "The Design of High 
Pressure Plant and the Properties of Fluids at High Pressures,” Oxford: University 
Press, New York, 1940. Р E. Code for the Design, Construction, Тавре 
tion, and Repair of U: E Liquids and Gases," 3rd ed. 

A.P.T-A.8. New York, Rules for Construction of Unfired' Preseure 
Vessels, - Mech. Eng, New York. 


The application of high pressures to chemical processes has come to the 
fore as an important tool in the hands of the chemical engineer only since 
about 1913. ‘The advantages of high pressures lie in the fact that many 
systems which undergo no change at atmospheric pressure will react: to give 
commercially attractive yields if the pressure is increased to a few hundred 
atmospheres. Reactions that involve a diminution in volume are favored, 
reactions in the liquid phase may be speeded up as a result of higher tempera- 
tures possible at elevated pressures, and the size—ar.d sometimes the weight— 
of equipment is materially reduced. 

Since there is great experimental activity in this field, equipment of labora- 
tory scale has been included in the following article in the belief that it will be 
helpful to those about to start an experimental study. Full-seale plants are 
relatively few, the equipment in them is specially designed, and information 
about them, except of the most general sort, is difficult to find in the litera- 
ture. ‘These conditions have imposed certain limitation’ upon the summary 
that follows. 

Selection of Materials, With the exception of the long-established use 
of hydraulic presses for baling, drying, expressing oils, forging, forming, and 
molding there are few high-pressure processes that do not involve extremes of 
temperature, either very low as in the liquefaction of gases, or fairly high as in 
most catalytic processes. ‘The synthesis of ammonia by the Claude process, 
for example, requires pressures of 800 to 1000 atm. and temperatures of 450° 
to 600°С., and organic catalytic processes proceed at rather lower tempera- 
tures, perhaps 250° to 450°C. Accordingly, the selection of materials for 
high-pressure work is further complicated by the need to provide for extremes 
of temperature as well as for special conditions such as oxidation, reduction, 
corrosion, the diffusion of gases—especially hydrogen—through metals, and 
the tendency of hydrogen to remove carbon from steel to a dangerous degree, 
even at moderate temperatures. 

Steels are almost the only materials with sufficiently high tensile strength 
obtainable at sufficiently low cost to be used in quantity, though occasionally 
a single piece of equipment may be made of other materials such as nickel or 
nichrome when conditions of temperature or oxidation are severe, or nichrome 
or aluminum bronze if the material must be non-magnetic. Steel has the 
2168 
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disadvantage, however, that its iron content is destructive to orgame material 
at high temperatures, especially to compounds from which water can be split 
9ff and to gas mixtures containing carbon monoxide which may be converted 
to the inert and relatively useless methane. Moreover, carbon monoxide 
may weaken the walls by the formation of iron carbonyl, which in turn may 
Doison the catalyst or redeposit iron in it, thus causing undesirable side 
reactions. These conditions require steel equipment to be lined with other 
metals not in themselves resistant to high pressures. Copper, aluminum, 
lead, silver, and gold are available Гог this purpose, and various other metals 
could undoubtedly be used if the necessity arose. It is safest not to rely on 
апу increase in the strength of a pressure vessel that niight result from the 
presence of a liner. In inserting a liner, care must be taken to keep the vessel 
dry, in order to prevent rupture due to expansion or vaporization of liquids 
in the space next to the wall upon subsequent heating. Imperfections in 
the bond between the lining and the walls necessitate great care in reducing 
the pressure in lined equipment to prevent gas pockets between the supporting 
wall and the lining from bursting inward. 

In choosing the material for constructing a piece of equipment for high 
Pressures, а list of the materials fulfilling the requirements of special condi- 
tions, including workability, should be drawn up. Then a choice from among 
these materials can be made upon the basis of cost and weight. As most 
high-pressure equipment is cylindrical, the conclusions drawn from a dis- 
cussion of the wall thickness of tubing can also be applied to larger apparatus. 

"The methods ordinarily used for choosing a suitable ratio of the inside 
to the outside diameter are based on the assumption that a cylinder subjected 
to an internal pressure so high that it ceases to behave as an elastic body may 
be considered to have begun to fail. The assumption is not entirely valid, 
for, when the internal layers are stressed to the yield point, they flow and. 
the stresses are redistributed in the outer layers without failure, other than a. 
departure from elastic behavior. ‘The inner luyers аге work-hardened hy 
this process, and, after a suitable low-temperature heat treatment, the 
cylinder may actually be stronger than it was before. This is the process 
of autofrettage. The assumption is, however, very useful in practice. Five 
well-recognized methods of arriving at the pressure at which the stress at 
the inner surface of the cylinder reaches the yield point are available. For 
design one may use these same methods, using as a working or allowable stress 
the yield point divided by a suitable factor of safety, rarely less than two. 
и 


allowable fiber stress, Ib. per sq. in. 
internal pressure, lb. per ва. in. 
inner radius/outer radius 


then, assuming a uniform stress distribution across the thickness of the cylin- 
Чег and negleeting the end pull, 
PIUSE 


5 


(Thin cylinder) 


R 


The maximum principal stress in a cylinder subjected to internal pressure is 


eh is related to the pressure by 


the tangential stress at the inner wall, wh 
Lamé's formula, 


(Maximum principal stress 
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The maximum shear stress is related to the pressure by 
RO 


(Maximum shear stress) 


8 2 
If we take the coefficient of lateral contraction, or Poisson's ratio, as 0,25 
for steel, then the maximum-strain theory gives 

Р 

Е (Maximum strain) 


&nd the maximum-atrain-energy theory gives the relation 


Po: m 
EM aat (Maximum strain energy) 


S ~ \/i0 F GR 


These relations are plotted in Fig. 1. 

‘The thin-cylinder formula is satisfactory for use when R is greater than 0.9 
‘The conflict as to which of the remaining four relations gives the most reliable 
method of computing the pressure at which the cylinder ceases to behave 
elastically (and hence by using an appropriate safety factor, the safe pressure) 
is as yet unresolved. Newitt notes that the maximum-priheipal-stress 
theory describes the behavior of brittle materials such аз cast iron and 
adduces data. showing that mild steel follows the maximum-strain-energy 
relation; but that such high-tensile steels as chrome-nickel and chromo-nickel- 
molybdenum follow the maximum-shear-stresa relation. Norris (Combined 
Stresses in Thick-Walled Cylinders, Trans. Am. Soc. Mech. Eng, Applied 
Mechanics, 51-0, 61-65 (1929)] found that, for a “high quality gun steel" 
for which Poisson's ratio was 0.3, the maximum strain was the deciding 
factor. 

At ordinary temperatures a balance must be struck between carbon steels, 
which with their lower permissible fiber stress require very heavy tubing, 
and alloy steels, which are far more expensive per pound but permit the use 
of much lighter walls and are more resistant to corrosion. Since they are 
less dependent upon their carbon content for their tensile strength, alloy 
steels are less affected by the removal of carbon by hydrogen аі elevated 
temperatures, Other things being equal, the higher the pressure the greater 
the superiority of alloy steels. 

Alloy steels of very high ultimate strength or limit of proportionality have 
usually gained these properties as the result of heat treatment in the course 
of which their ductility has been much reduced.. ‘This is shown by a decrease 
in the values of the clongation and reduction in area. Such steels must be 
used with caution because, unlike more ductile materials, they cannot yield 
and permanently relieve concentrated stresses, When subjected to pulsating 
stresses, (hey are especially likely to fail, breaking violently and scattering 
fragments. With all steels used in high-pressure work, but especially with 
these strong but brittle alloys, it is necessary to round off corners which might 
otherwise be the site of excessive stresses. 

‘At higher temperatures reliance can no longer be placed exclusively upon 
simple stress calculations because of the importance of creep, i.e., the tendency 
of the material to stretch continuously under long-continued stress, As 
more „delicate instruments for measuring strain are developed, the stress 
which causes an observable continuous change in dimensions becomes lower 
and lower. Since it is thus improbable that at any given temperature there 
is a lower limiting creep stress, it is variously recommended that the maximum 
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fiber stress be taken as that causing 10-* strain (change in length per unit 
length) per hour, or as two-thirds that causing 1077 strain per hour (107% 
strain per hour = 0.0088 per cent deformation per year). Data for the 
former are lacking, but there is a great body of data, including the latter, in 
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vessels, based on 


ue of 0.25 for Poisson’s ratio, 


“Compilation of Available Hi 
and Alloys," by the Creep 
on Effect of Temper 
Philadelphia and New York, 1938. 

When creep data are not available, data on the tensile properties of the 
materials must be used, but with eaution. If the material has been heat- 


-temperature Creep Characteristics of Metals 
Section of the Joint Research Committee 
Properties of Metals, А.З.Т.М.-А.В,М.Е, 
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treated, it should be used only at temperatures substantially below that at 
which it was treated, and even then the occurrence of slow changes may cause 
trouble. Tensile tests should be made on specimens thoroughly aged at: 
the test temperature, 


When heat is transferred through the walls of a pressure vessel, the stres: 


distribution is changed. Ifheatis 43 13 
fiowing in from the outside, the ] Esp | 
ошег fibers are warmer than the | 12 
inner; the outer fibers are kept from |2 it 
expanding freely by the inner ones, 
with the result that the outer fibers 10 
are under compression and the үү] | 3 
inner fibers under tension. When 
the flow of heat is in the other direc- B 
tion, as in coolers, the direction of. +10 1 
the temperature stresses is reversed. 
‘These stresses are added to those “10 6 
caused by internal pressure, во that 5 
it may be said that the presence of 
а flow of heat toward the inside of 709 4 
the tube makes it necessary to use з 
thicker walls than would be ne p» 
sary if there were no heat flowing; 705. ? 
and, on the other hand, if heat flows | 
in the other direction, the maximum. 

-07 0 


stress is reduced and thinner walls “gq 07 og 05 10 
may ђе usi 

The inside tangential stress due Fro. 2.—Plot for caloulating internal and 
io the presence of а temperature external tangential temperature and pressure 
gradient resulting from external stresses. 
heating may be calculated from the following formula (see Fig. 2): 


2 т 1 
St re) s а (= ту 


inside temperature stress. 


where Sr 
m about 4 for steel: 3,3 for KA2 at cracking- 


=i 
1/m = Poisson's rati 
ЇЇ temperatu 
oefficient of expansion. 
Young's modulus of elasticity. 
temperature drop through the walls, 
ratio of inside to outside diameter. 


a 


То this must be added algebraically the inside tangential stress due to pressure 
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For a more complete discussion of temperature stresses see Luster [Design 
of Thick-walled Tubes Subjected to Pressure and Heat Input, Trans. Am. 
Soc. Mech. Eng., Fuel Steam Power, 83-12, 161-172 (1931)]. 

Thermocouple wells or catalyst containers across which there is а large 
Pressure drop resulting from high velocities or the presence of partial pluga 
Present: the reverse of the conditions described above, inasmuch as the pres- 
Sure is applied to the outside of the cylinder. In long cylinders with R < 0.9 
the collapsing pressure may be caleulated from the following formula: 


in which Бур, = stress at the yield point. 
Ровине = collapsing pressure. 

In thin-walled cylinders the collapsing pressure falls off very rapidly, espe- 
cially when Æ is between 0.95 and 1.0. See Jasper and Sullivan [The Col- 
lapsing Strength of Steel Tubes, Trans. Am. Soc. Mech. Eng. Applied 
Mechanica, 88-17b, 219-245 (1931)] for further details. Tubes subject to 
these conditions should be as nearly round as possible, for variations in wall 
thickness and in out-of-roundness both affect the collapsing pressure, 


Design of Apparatus 


Joints. The problem of joining two surfaces pressure-tight may be solved 
by the use of threads, by metallic bonds applied in the molten state, or by 


mechanical compression with line contact or 

With gaskets, Very satisfactory cold jointa can NS AN, CAN, S 
be made by threading tubing, wetting it я 
thoroughly with solder, and screwing it into а 

coupling which is already wet with solder, LL WWW WS WS 
producing the so-called “tinned” joint. When ^ Fro, 3—Types of weld: 
higher temperatures are involved, however, the 

use of such familiar methods as brazing or hard soldering is restricted by the 
fact that the soldering metal, unless its choice is the result of careful tests, 


may form alloys of undesirable brittleness with the steel, producing weak 
joints. Ву far the most satisfactory joint of this type is the autogenous weld, 


made with either the electric are or the 7 
s 


oxyacetylene torch. When a capable 


welder makes a joint of this t Z 
welding rods to give a weld о Соо || ZA 


composition ns the metal he is joining, Sm 
and properly heat-treating it afterward, YY 
there is no reason why the weld should |; 7, 
not be at least as strong аз the walls it 2, 

joins. In Fig. 3 are shown four welds. ГР А. 
At a is shown what often happens unless Fio, 4,—Cone joint. 

the faces to be joined are turned or filed 

to form a V-notch. Such weld is weak beoause of lack of metal, lack 
of penetration, and the likelihood that cracks will be present, forming little 
regions of high stress intensity which are always potential sources of trouble. 
"The joint at b is better, with much improved penetration, but in trying to 
avoid narrowing the channel as in d the welder has left a notch which may 
cause trouble from excessive stresses, The weld at c is free from these 
objections. 


SSS 


А 
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‘A threaded joint made with one-half the taper of standard pipe threads 
is capable of giving good results when made by a skillful mechanic, Its use 
is for the most part limited to pressures of 2000 or 3000 Ib. por ва. їп. 

Small pipe lines, perhaps up to }4 in., can be joined very 
satisfactorily by means of the cone joint shown in Fig. 4. The 
angle of the cone is 58 or 59 deg. and of the seat 60 deg., thus fh 
providing for line contact as shown in Fig. 5. This joint Ñ 
should be made with a greater than b, and b sufficiently long 
to permit four or more threads to engage even when the seat 
is new. Such a joint is good for pressures up to at least 1500 
atm. Та contrast to this joint, which must be welded to tub- 
ing, is that in Fig. 6, in which the cone is turned on the end of the tubing. 
This has the disadvantage of somewhat weakening the tubing at the end, by 
decreasing the wall thickness, "When the seats of these 
joints become scored with use, they may berefaced with 
а small hand reamer. Other workers obtain line con- 
tact by using an ovoid instead of a cone, though this 
shape is more difficult to machine and its superiority 
is doubtful. 

Line contact between a conical and a spherieal'sur- ®" бопе turned 
face, the first faced on the end of the tubing, the second 
ground on а hardened “lens ring," makes the joint shown in Fig. 7 tight. 
Left-hand threads on the flanges prevent them from moving toward each other 
a4 the outer members are turned up. 
milar in prineiple is the wavering 
jointin Fig. 8. This joint must be care- 


Fig. 5.—Line 
contact of сопе 
joint. 


fully machined with clearances so close Go ark 
that. the parts must. be pushed together, HRW 
but it is self-sealing and with саге ca 9 
be assembled many times. / 

A wide range of sizes is covered by the ‘Hardened Steel 
joint shown in Fig. 9. То make it, the dens ring 


tubing is first threaded, then three hand NS conical surface 
reamers are used in succession to face 
the ends, cut the gasket groove, and cut 
back the threads at a so that the cupped 
gasket сап slip over the end. This form of gasket makes it possible to 
assemble the joint in а horizontal position, 

Gaskets may be made of lead, copper, silver, aluminum, soft iron, vul- 
canized fiber, or other relatively soft materials. Care 
should be taken to select smooth sheets. Copper gaskets JA 
tóa to Мв in. thick are satisfactory for many purposes YZ 
when annealed by heating to redness. Quenching them 
in methanol or other organie materials will prevent the 
formation of oxides on the surface but is not usually 
necessary, The width of copper gaskets is regulated by 
the necessity of producing a pressure of 60,000 Ib. per sq. 
in. in the gasket во that it will flow into the grooves or р Tape ју 
tool marks which make the joint tighter. Ырыкты дес 

The following method of calculating gasket widths for 4 
unconfined copper gaskets is due to Ernst and his coworkers, (Ernst, 
Reed, and Edwards, A Direct Synthetic Ammonia Plant, Ind. Eng. Chem. 
17, 775 (1925).] 


Fro. 7.—'" Lena ring" pressure joint, 


JOINTS 


Width 


Where Р = internal pres- 
sure, Ib. per 
ва. in. 

t = gasket thick- 
ness, in. 

Е = coefficient of 
friction for 
sliding, 0.15 
to 0.20. S 

D = inside diame- Fro. 9.—Pressure joint. 

ter of gasket, in. 
gasket area, sq. in. (i.e., area of gasket annulus). 


number of bolts. <--Forged steel fie 
"Then 60,000 A/N is the load per bolt, En o CMS E 


which must not exceed a safe value 7 - Soft iron toroidal 
for the strength of the bolt or for the 202 gasket 
intensity of shearing stress at the root 
of the bolt threads. 

Figure 10 shows a flanged and ri 
keted joint suitable for large: 
of tubing, for which there is an А.Р. 
standard. Other flanged joints are 
made in which the bearing surface 
js а gasket between the surfaces of the tubing, much as in Fig. 9, so that no 
welding is required. 

Lines may be joined to apparatus in several ways. two of whieh are shown 
in Figs. 11 and 12. Theupper 
end of tho connection in Fig: 

2 has the disadvantage of 
requiring врасе to provide for 
backing ош а considerable dis- 
tance; this is somewhat offset 
by the advantage that the gas- 
Ket is subjected only to normal 
pressure, with no twisting to 
tear at the surface as in the 
lower gasket in Fig. 11. Both 
figures show how an ample cut- 
back at the gasket sent allows 
for the free radial flow of the 
gasket, under compression, 


ZZ High tensile 
r strength studs 


Fro. 10.—Ring joint for large tubes, 


In making up the joint їй S 
кеа мү : 


of powdered graphite and 
Gredag having approximately 
the consistency of putty. This same mixture should be applied to all threads 
and bearing surfaces when tightening pressure vessels, especially thoso 
subjected to high temperatures, in order to minimize binding. Long exposure 
to high temperatures causes the graphite to burn away. To minimize 


ratus ratus. 
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seizing and galling in threads, it is necessary to avoid extremely tight fits 
and to have the pitch of the male and female threads the same within тегу 
close limits. Coarse threads may more easily be made free 

from galling than fine ones, but their use entails a sacrifice 
of mechanical advantage and bolt strength. Threaded 
joints may be greatly improved by being ground in with 
fine grinding compound. A difference in hardness in the 
mating parts will frequently prevent seizing. 

The connection shown in Fig. 13 serves for the intro- 
duction of coils for internal heaters or coolers through the 
heads of vessels. For tightness this connection depends on 
a line contact made on the cone by the edge of the seat and 
оп a squeezing of the thin edge of the cone against the tube, 

For most purposes it will be found that the U. 5. fine 
standard screw-thread series will give satisfactory results. 
Buttress threads are recommended for the interrupted- 
thread type of closure for reaction vessels. 

Valves. Valves intended for use at high pressures differ 
from others principally in the thickness of the walls and in 
the high-pressure drop across the seat which makes gate 
valves impracticable and causes severe erosion in regulating valves by reason 
of the resulting high velocities. In Fig. 14 is shown the 
simplest high-pressure valve: a hardened conical point which 
forms its own sent in the steel of the body. When the seat 
becomes worn, a flat-bottomed drill is used to face it off, 
allowing the point to reseat itself. Such a valve is useful in 
the laboratory and for taking small samples or determining 
liquid levels in the plant. 

‘A very useful small valve for plant and laboratory is shown -aneen stramt Co 
in Figs. 15 and 16, the one machined from a section of steel — Fic. 14.— 
Баг, the other from a forging. For high temperatures this Simple high- 
valve may most suitably be packed with asbestos impregnated Pressure valve. 
with graphite. The packing is held between two spacers which ensure normal 
pressure on the upper виг- 
face and prevent the 
ing from clogging the 
threads through which the 
stem advances, The valve 
point must be hardened and 
ground. If the distance a 
is relatively large, the valve 
may be reseated many 
times. By moving the con- 
nection b/ up to the level 
of b and adding another 
opening at the bottom, this 
valve may be changed into 
& T-valve, useful in con- 
strueting manifolds. 

"The double-cone point on 
the stem, shown in the 
forged valve illustrated in Fig. 17, permits it to be repacked under pressure. 
"The upper seat is screwed in on a gasket, using я tool that fits into recesses in 


Fre. 18, 
sure connection for 
introducing coils. 


Fic, 17,—Forged valve for 
repacking under pressure. 


ing. 
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the upper surface. Ву making the angle of the point smaller this may be 
made into a regulating valve, but, if this is done, the body should be some- 
What longer and the seat reamed out to give а larger surface of contact. 

The two-piece stem and replaceable seat of Fig. 18 have advantages 
ver the arrangement in Fig. 17 and may be used in a body that is only slightly 
larger than that of Fig. 17 to accommodate the seat. Both 


the point а and the seat b should be made of material of great eulger 
toughness, to resist the very severe erosive action of th 

material flowing across the seat under a large pressure drop. 

A gasket at с makes it unnecessary to depend upon the at 


threads for tightness. By allowing proper fillets, the tend- 
Eney of the button d to break off may be diminished. As 
the valve point moves only back and forth in the seat there 
ів по tendency for it to score, but this same movement makes 
it impossible to close the valve when there is scale or catalyst 
dust to lodge in the seat. Though no valve is completely 
satisfactory under such adverse conditions, the operation 
may be improved by the use of very hard, strong materials, Ra ена 
Such as nitralloy or Stellite, for the seating surfaces. A bit AM АС 
$f scale that lodges in the valve may then be crushed and and? 

blown through, permitting the valve to close. 

In all the valves so far considered the threads and packing аге too close to 
the fluid stream to be satisfactory at really high temperatures. In Fig. 19 
is shown a valve with a three-piece stem and a long extension to the upper 
Part of the valve body, by which the threads and the packing are removed 
from the region of high temperatures. 
If required, the extension may be water 
rovided with fins for air cooling. 
pal difficulty is differential ex- 
1 en the stem and the bonnet. 
The insertion of n gasket at, a permits the 
valve to be repacked in the open posi- 
lion. The rounded end of the stem gives 
Opportunity for the slight play required by 
the point in finding the seat. With slight 
Changes in the design of seat and point, 
this valve may be transformed from a 
globe into a regulating valve, The com- 
blete removability of the seat and stem 
Permits the valve body to be welded into 
Place without much danger of trouble 
from warping. 

One of the principal sources of trouble 
With high-pressure valves is the tearing 
away of packing by slightly rusted stems— 
а trouble readily avoided by the use of 
fiainless steel. When circumstances require, the stems, seats, and point may 
be made of monel metal or other special alloys. Many workers provide a 
gent for gas leaking past the upper seat of repackable valves, thus prevent- 
116 в possible accident when the bonnet is removed and the packing is no 
longer held in place. 

By n slight sacrifice of symmetry the weight of many high-pressure valves 
may be materially reduced, the fabrication made somewhat easier, and some 


b: 
с 


.18,—Two- 


Ег. 19.—Valve for high temperatures, 
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confusion avoided. Looking at Fig. 17 it is at once apparent that if the left- 
hand opening were on а level with the seat, useless metal at b would be 
eliminated, the wall at a could readily be made thicker, the 
slanting inlet would be discarded, and no one could be in doubt Ej 
as to which is the inlet side of the valve. The same is true of = 
ps 
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. 19. 


Although in these valves the principal weapon against H И 
erosion is the hardness and toughness of the steel used, a recent _ 
design suggested by the Mathieson Alkali Works, Inc.,.avoids - Мат, 


the trouble by using fresh surfaces as the wear progresses, "5. yn 
‘This stem and seat are shown in section in Fig. 20. The stem ева 
is lapped into the seat with s clearance of but 0.0001 in. and Alkali pres- 
as wear occurs the stem is advanced farther and farther into sure valve. 
the seat. A conical portion at the upper end provides for com- 
plete closure. 

Safety requires that the valve stem be provided with a 
shoulder in a position such that if the threads by which it is 
advanced should break, the stem would not be ejected with 
great force fromthe valve. Valves should be anchored securely 
in position so that in opening or closing them the leads will 
not be subjected to unusual stresses. 

‘There is some difficulty in making high-pressure relief valyes 
reseat themselves after relief. Such valves are a source of 
danger, for the tendency is to screw down on the spring until 
the valve does resent, whereupon the valve censes to be use- 
ful us а safety device, In Fig. 21 is shown a cross section of a 
high-pressure relief valve that can be made to relieve pressure 
thousands of times, reseating itself each time. It differs from 
ordinary relief valves in that the ball contact at the top of the 
disk makes it self-aligning, and that the edge of the seat is 
machined, ground, and lapped with the greatest of care to 
ensure that the seat is sharp edged and free from the smallest 
imperfections in the sealing surface. A convenient width of 
the seat is 0.01 in. ‘Then if AP is the allowable difference 
between operating and relief pressures, and D is the diameter 
of the seat, and if the seat pressure must ђе 20 per cent higher | Fro. 21.— 
п the operating pressure in order to prevent leakage, ns High-pressure 
found by Ernst and Reed [A High-pressure Relief Valve, "1° valve. 
Mech. Eng., 48, 595 (1926)] at 5000 Ib. per sa. in., 
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It was found in actual practice by Ernst and Reed 
that, if leakage of a few cubic feet per day can be 
tolerated, a valve with а disk calculated in this way 
can be set to relieve with only one-half as great a Еа. 22.—High-pressure 
pressure difference. The seat is made in a gasket of check valve. (Courtesy о) 
E SOE SAR American Instrument Со.) 

Figure 22 shows a check valve Гог use at high pressures. 

In Fig. 23 is shown a cross section through a magnetie control valve 
by means of which small streams of material may be controlled. The 
operation of the valve is controlled by means of a relay actuated by à contact 
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оп а Bourdon gage. The force pushing up against the needle 
valve is approximately balanced by the valve spring, so that 
A relatively slight pull on the armature serves to open the 
valve. Suitable modifications of the ordinary motor-operated 
valve will give excellent service in high-pressure lines requiring 
Automatic or distant control of flow. 


Sight Glasses and Windows. Cylindrical sight glasses jf f 
of the usual sort, though readily constructed and capable of EER 
heing used at high pressures, are actually little used because it AN 
is dificult to secure perfect alignment and because unequal = 
thermal expansion causes the glass to break. Where only an Be 
indication of level i» desired, other methods are available, 


Some of which are discussed below. Where circumstances 
require the use of cylindrical glasses the table below, from | E 
Onnes and Braak (quoted by Bone, (Bone, Newitt, and 
Townend, “Gaseous Combustion at High Pr У Long- 
mans, London, 1929)], may be used as a guide. 

In Fig. 24 is shown a trans section through а sight glas: 
tnanufactured by the Diamond Power Specialty Company for 
high-pressure work. The really high stress intensities which pig, 23 — 
make the apparatus tight are not transmitted to the glass at Magnetic con- 
all but are found in the edges of the three sheets between the trol valve. 


Bursting Tests on Glass Tubes 


Outalde diameter, mm, | Inside diameter, mn, Ratio | Bursting pressure, мш. 


Sere 


glass and the body. Being subject to 
the considerably lower pressures of the 
asbestos gasket on one side and the gas- 
ket, plus the operating pressure on the 
Other, the glass is sufficiently free to 
move so that it adjusts itself to changes 
in pressure and temperature. ‘The man- 
ufacturers state that it can be used at as 
high as 2200 Ib. per sq. in. 

Bone (lac. сй.) describes a quarta win- 
dow whieh їз illustrated in Fig. 25. 
The truncated quartz or glass cone 
ground into the steel shell and held in 
place with an asbestos-graphite washer 
and a steel collar. The window is said 
to be tight against explosions producing Fio. 24—High-pressure sight glas 
pressures of 400 atm. (Courtesy of Diamond Power Specialty 

Conical windows, however, are grad- 09) 
ually forced во far into the steel shell that when the pressure is reduced the 
clastic recovery of the shell subjects them to such high radial compressi 
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stresses that they break. Poulter [A Glass Window Mount- 
ing for Withstanding Pressures of 30,000 Atmospheres, Phy: 
Rev., 35, 297 (1930)] has described a window which, in modi 
fied form, Bridgman (“The Physics of High Pressure," Mac- 
millan, New York] has illustrated as shown in Fig. 26. The 
cylindrical window is merely fastened over the central hole 
with a little adhesive to keep it in place. The steel-to-glass 
surface is carefully finished, but it is not necessary to ensure 
optical flatness of either the glass cylinder or the steel plate on 
hich it resta. Windows of this type, with various modifica- 
tions, have been used at pressures of several thousand 
atmospheres. 

Electric Leads. It is sometimes necessary to introduce Hish=press 
electric apparatus into pressure vessels, In Fig.27isshowna (By permission 
lead described by Bone (loc. cit.) for use at low temperatures, оу Longmans, 
or under conditions where heat lasts for very short periods. Green & Co.) 
Тће joint is made tight by warming. 
the lower end of the lead to soften ОА 
the ebonite, then tightening the nut. d 
atthe top, repeating the process 
two or three times if necessary, and 
finishing with the application of 
zine oxychloride cement. 

In Fig. 28 is shown a simple but 
very effective lead of a type manu- 
factured by the General Electric 
Company and capable of being used 
at 450°C. and 300 atm. 
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Patent 1,456,110). Two methods вољи ЫРЛА 
of manufacture are possible: one ти сете” 
pire 


consists in reaming out the steel 
shell and pressing the glass in 
at a temperature at which it is plas- 
tic. Using this method it is possi- 
ble to make more complicated leads, 
containing two or more electrodes 
in the same fitting. The second 
procedure consists in assembling 
lead, glass, and shell, the last. coni- 
cal on the outside, as shown in 
Fig. 28a, then heating and swaging 
until the shell is conical on the inside 


Fro, 27.—Eleotric 
lead for high pressure. 


and cylindrical on the outside, and plane 
the glass fills the inner space. With Ne teres 
use, cracks may appear, but these pen Afer Gi 

can in many cases be filled with бар Зла eunte 

Water glass. The conical shape of rz за Elec- Fia. 20, guis end 


the glass core effectively prevents , F9. 28-28106. Fro. 2 2 

it from being blown out. SE PME TAE EAS 
Figure 29 shows still another type 

of lead which is suitable for both high pressures and high temperatures and 

has been found very satisfactory by the Fixed Nitrogen Research Laboratory. 
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It is also worthy of mention that some workers have found automobile spark 
Plugs of value as high-pressure leads. 

Reaction Vessels. Reaction vessels are usually forged or welded cylin- 
ders, of which many are covered by the A.S.M.E. Code for Unfired Pressure 
Vessels and the A.P.L-A.S.M.E. Code for Unfired Pressure Vessels for 
Petroleum Liquids and Gases (see list of references, р. 2168). Even where these 
содев do not apply, or apply only through paragraphs calling for experimental 
Proof of the safety of the design, they are very useful guides. The sections 
of the A.P.I.-A.8.M.E. Code dealing with tests and inspection will be found 
especially helpful. After fabrication, 
pressure vessels should be tested under 
hydraulic pressures 50 per cent higher 
than the operating pressure for a suf- 
ficiently long time to permit the detec- 
tion of leaks. On welded vessels tho 
Pressure should then be reduced to 25 
ber cent more than the working pressure 
апа the joints hammered with hammers 
whose heads have weights in pounds 
equal to ten times the thickness of the metal in inches, but no more than 10 Ib. 
The pressure should then be raised to 50 per cent more than the working 
Dreasure, and leaks again should be sought for. If the equipment is to be used 
ùt an elevated temperature as well as at high pressures and cannot be tested 
under operating conditions, it should be tested at a correspondingly higher 
pressure at ordinary temperatures, A word of caution is necessary here: 
there is a general belief that when a vessel is tested under hydraulic pressure 
and fails, the metal splits and, аз a result of the low compressibility of water, a 
small amount of water oozes out quietly. ‘Though this is true in general, yet 
ät high pressures the potential energy stored up as elasti 
deformation of the walls of the vessel and compression 
of the liquid is by no means small, and pieces weighing 
several hundred pounds have been hurled 10 to 50 ft. with 
great violence when a vessel was tested to destruction. 

In Fig. 30 are shown several methods of closing cylin- 
ders. The ring R of type a is provided with interrupted 
buttress threads which permit it to be dropped in place 
and rotated a fraction of a turn until the threads engage. 
The closing head is then tightened down on the gasket дотле ка 
by turning the bolts in the ring. Smaller cylinders рус 31. 
may be closed by the method shown at b. At c is 119 3 
shown a method similar to a except that the threads are outside the 
cylinder. ‘Though it excels in simplicity and in the ease with which it is 
machined, the closure shown at d has the disadvantage of somewhat wenken- 
ing the cylinder walls. However, the method of manufacture often permits 
the head of a pressure vessel to be enlarged to provide space for a bolt circle, 
asin Fig, 31, so that weakness of the walls need not follow the use of method а, 
In Fig. 31 a type of closure is shown in which the threads that hold the head 
in place do not also take up the stresses required to compress the gasket. 

It is worth mentioning that enlargement of the head of a vessel permits an 
increase in the space for inlet and outlet tubes, thermocouple wells, and во on, 
that is of great value in making the vessel easy to use. Тһе top of the closing 
hend should project above the bolt heads as shown at Fig. 30a, whenever the 
setting permita the bolts to be tightened with such an arrangement, as 


Closure, 
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tightening the connections is thereby made much easier. А comparison of 
Fig. 30a with Fig. 33 will illustrate this point. 

Usually only one end of a reaction vessel is closed with a plug, the other 
end being integral with the walls. - If the integral end is а hemisphere concave 
outward, its thickness may be that of the walls, but if it is flat, the thickness 
must be materially increased to obtain the stiffness required to resist buckling 
(cf. Fig, 33). For the same reason plugs or combinations of plug and nut as 
in Fig. 304, b, and c are thicker than the vessel walls. Sharp corners should 
be avoided во as to prevent stress concentration. 

The design of the inside of reaction vessels is highly 
specialized, depending upon the nature of the reaction, 
Figures 32 and 33 illustrate two of the many possible 
arrangements. Following the gases entering at the 
bottom of Fig. 32, one finds them passing through an 
injector where they pick up recirculating unconverted 
gas, then through an internal heat exchanger made of 
concentric cylinders one of which is provided with cor- 
rugations or other means for increasing the effective- 
ness of heat transfer, next up around an internal 
heater, down through the catalyst, through the heat 
exchanger, and then along а cooler which condenses the 
product. "The residual gases pass through ports into 
the injector, and the liquid product passes out at the 
bottom. If any inert gases are present, some means 
must of course be provided for removing them 
continuously. 

The cooling system shown in Fig. 32 is made up of 
two shells. Shell 37 is provided with a helical сиё „туты, 
turned in в lathe, The surfaces between shells.36 and Е 
37 are carefully finished, bat the inside of the pressure- Fra, 32 j 
résisting vessel need not be so carefully prepared. Now through reaction 
when the vessel is made up and pressure is applied, the Үе 
pressure on the inside of shell 37 expands it and shell 36 against the walls of 
the main vessel, making a tight joint between shell 36 and shell 37, and thus 
providing a channel for the cooling medium. 

The reaction vessel shown in Fig. 33 receives the material at the bottom, 
whence it passes up between the outside walls and the catalyst chamber 

thus helping in maintaining the walls of the vessel at a low temperature. 
At the top of the chamber, the gas passes down around the outside of three 
sets of heat-exchanger coils in parallel, then: around the internal heater. Аб 
the bottom of the heater it enters the first catalyst zone, where a high linear 
velocity somewhat distributes the heat output due to the reaction, The 
second zone, of larger area, receives the partially reacted gas, giving it more 
time to approach equilibrium; this process is carried still further in the still 
larger third zone, Such an arrangement serves to level out the temperature 
gradients in the reaction vessel. In vessels of simpler design the same end 
is attained by diluting the catalyst that meets the incoming gas. From the 
catalyst bed of Fig. 33 the gases pass through the coils of the three heat 
exchangers out to a condenser. Electric leads for the heater are provided 
both inside und outside the vessel. Thermocouple wells are provided in the 
first and third catalyst zones, 

‘Though an injector is shown in Fig. 32 as a means of recirculating the gases, 
it should be noted that the use of а booster or recirculating pump will usually 
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Bive flexibility and satisfactory service. The manufacturers of high-pressure 
compressors can also provide pumps of this sort. 

The decision whether to use a short vessel of large diameter or a long, 
Narrow опе must rest on a careful consideration of a number of conflicting 
factors, If a long, narrow vessel is used, the actual thickness of the walls 
Will be less and the area of the walls greater 
than in a short, wide vessel. These conditions 
favor the transfer of heat, but the greater area 
ОГ the walls may increase the yield of undesirable 
by-products which are the result of the catalytic 
action of the wails. The high linear velocity in 
Jong, narrow vessel favors heat transfer to a still 
greater extent than the thinner walls, but it has 
the disadvantage of causing a large pressure 
drop. Not only does such a pressure drop rep- 
Tesent a loss of power, but if the direction of flow 
is downward through the catalyst bed, the pres- 
sure drop added to the force of gravity may 
crush the catalyst. If the flow is upward through 
the catalyst, on the other hand, the catalyst 
шау be picked up bodily and churned to dust. 

Pumps and Compressors. Little has been 
Published about the highly specialized art of 
designing compressors for very high pressures. 
tandard каз compressors for 4000 to 6000 Ib. 
Der sq. in, are readily available and are very 
Satisfactory, but compressors for 6000 to 60,000 
lb. per sq. in. are still to be considered special 
equipment, 
ain generalizations may be made, however. 
For pressures of 1000 to 1200 Ib. per sq. in., three 
Stages are usual; four stages may be used up to 
5000 Ib. per sq. in.; five to seven stages, up to 
15,000 Ib. рег sq. in. It should be remembered 
that the power required for compression ris 
only logarithmically with the pressure (cf. Fig. 
84), so that usually this is a relatively small part 
of the cost of an increase in pressure. Though 
many stages make the compression more nearly 
isothermal and hence reduce the power required, 
the advantages of increasing the number of stages 
as shown in Fig. 34 are offset by the increasing 
complexity of the apparatus and the rising cost 
48 the separate cooling systems between the 
Stages are ndded. 

Experience shows that the parts of gas com- 
Pressors that give most trouble are valves, piston 
Packings, and stuffing boxes. Accordingly, good 
design requires that these parts should be as accessible аз possible. Itis advan- 
tageous to have valves made of stainless steel to resist corrosion, and to make 
them as large in area as construction permits—even putting two or more in 
Parallel if necessary, as the high gas densities make erosion important. Figure 
35 shows a section through a plate valve that is very light and ean be used in a 


та. $3.—Section through 
reaction vessel. 
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recirculating pump or in the lower stages of а compressor, where the pressure 
drop across the valve is not too high for so thin a disk to withstand. Higher 
pressure drops in the later stages require 
more sturdy construction. 

Single-acting pistons ure fairly readily 
packed by using a long stuffing box with 
в suitable packing, Figure 36 shows two 
Kinds of packing. That at а has given 
excellent, service at the Fixed Nitrogen 
Research Laboratory. Tt consists of alter- 
nate rings of bearing metal and steel, 530 
having respectively an X-shaped and a E а 
lozenge-shaped cross section, The steel ләлә Compressor ca 
rings keep the bearing metal slightly Fic, 34.—Power requirements of 
expanded to fit the shaft. ‘The S.E.A. three- and four-stage compressors. 
rings shown at b have the feature that the 
pressure drop from ring to ring keeps the thin edge of 
the ring snugly against the piston. The space c 
may be partially filled with а lubricant. These rings 
are made of rubber and graphite composition with 
cotton or asbestos reinforcement. By using two sets 
of rings opposing each other, which are во constructed 
that the flap rubs against the cylinder wall, it is pos- 
sible to make use of them for double-acting pistons. 
More usual, however, is the use of piston rings simi- 
lar in principle to those on automobile ыы 

Figure 37 shows a special piston-ring type of pack- “pe 35. Plata valve. 
ing, devised by the Garlock Packing Company for 
high-pressure service, though these rings, like 
the packing described above, fit in a recess in 
the cylinder wall and do not travel with the pis- 
ton. Each ring is made up of three tongued- 
and-grooved pieces, held together against the 
ston by an encireling spring. When made 
of east iron or high-lead bronze and used with 
а nitralloy piston, this type of packing is 
reported to be very satisfactory. 

Whenever possible, the piston should extend 
through both ends of the cylinder, for then by ван Dua он dd 
supporting the piston at both ends the cylinder 
walls may be relieved of its weight. With 
progressive wear the cylinders will then retain 
their circular cross section, and their life and tightness against leaks will be 
improved. Tt is advantageous to arrange the eylinders of the high-pressure 
stages in such a way that they may be replaced by spare cylinders in a short 
time. ‘This may be done by placing the last two stages on either side of the 
wrist pin, or on either side of a reciprocating traverse which is supported by 
a shoe and connected around one of the cylinders to the wrist pin by means of 
two long heavy bars. 

Compressors are lubricated by means of small hydraulic pumps which 
feed oil into the cylinders and stuffing boxes. The use of too much oil is t0 
be avoided, since it causes erosion of the pistons and packing. In compressing 
oxygen, oil cannot be used because of the excessive danger of explosions; water 
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i the usual lubricant for this purpose. In services in which liquids may 
Condense in the compressor, the condensate itself is sometimes used as the 
lubricant, 

With a feed of gas at 4500 Ib. per ва. in. or higher it is possible to perform 
the final compression to 15,000 Ib. per sq. in. hydraulically, using either oil ог 
Water. This method is of great usefulness in small-scale 
testing, but it is by no means confined to such use, аз 
Compressors with fifth- and sixth-stage pistons operated 
by hydraulic intensifiers have been built to handle as 
much аз 160,000 cu. ft. of free gas per hour at 1000 atm, 
In hydraulic work, the compressibility of the fluid cannot 
be neglected at high pressures. At 1000 atm., the vol- 
ume of water is reduced approximately 3 per cent, so “Tongue” Carlock 
that to obtain the greatest delivery from a high-pressure Fia, 37.—High- 
Dump it is necessary to keep the clearances as small as pressure pistons 
Possible, ring packing. 

For the injection of large amounts of 
liquids, hydraulic pumps of proved design 
have long been available. The small 
Pumps used as oilers on compressors will 
be found very useful for injecting small 
Amounts of material. A frequent ar- 
tangement of valves and piston in hydrau- 
lic pumps of all sizes is shown in Fig. 38. 

А type of packing for pistons that do 
Not move too rapidly was developed by 
Bridgman for far higher 


y 


than those me у commercial 

Work, This packing (Fig. 39) may be WS 
sed at lower pressures, not only for pis- \ _ 
tons, but, with slight modification, for МММ 


Joints in large apparatus. It consists of a 


biston a with a separate end b. In an ST 
Annular space between the two is a much 
Softer packing c, which may conveniently be made of rub- A 


ber provided the temperature and stress permit, For very 
high pressures and very slight motion, copper, aluminum, £77 
9r even soft iron may be used in place of rubber. The 
Upward force on the end of b is balanced by an equal down- 
Ward force on the upper face, As this force, however, 
exerted only over the ring-shaped lower surface of the 
Packing, the force per unit area or the pressure on the upper 
Ince of b must be greater than that on the lower face. Now Уау) 
the material of e is chosen so that it is plastic enough to man туру of me 
transmit this pressure hydraulically to the sides of the ing. 

Cylinder at d. The hydraulic pressure at d is therefore 

always gresiter than that in the body of the cylinder, which accordingly 
cannot leak, At the same time, the clearances between the cylinder and 
the parts а and 6 are so small that the packing с cannot actually flow 
Out of position. Figure 40 shows this principle applied to a joint. The 
Small shoulder at е permits the joint to be made tight with no pressure 
in the cylinder; but when pressure is applied, reliance is placed only on the 
higher pressure in c. 
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In Fig. 41 is shown an arrangement of hydraulic pump, valves, and storage 
cylinders that has been found especially useful for testing purposes. One 
of the two cylinders, A, is filled with water which is then pushed out by gas 
at 300 atm. When the cylinder is full of gas, the waste valve is closed and — | 
water is pumped in until the pressure reaches 1000 atm, During this time: 

В has been supplying the needs of the system. - When B 

is full of water it is cut off and refilled with 300 atm. gas, 
while A, still partly full, maintains the flow. It is possi- 
ble to tell when the cylinder is full of water by the use of 
electric contacts or level indicators (see below). 

Storage." When it is necessary to provide for storage 
of gas under pressure or to provide a surge chamber to 
smooth flows or facilitate control, steel cylinders are gen- 
erally used, connected in banks to а manifold. For pres- 
sures up to 2000 Ib. per sq. in. the familiar cylinders used 
Гог shipping compressed gases are 
readily available, though their small 
size militates against them. Spe- 
cial cylinders must be made when 
larger volumes or higher pressures 
are required. Above 5000 lb. per 


sq. in., forged cylinders with the H El 
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ends closed in one of the ways dis- 
cussed under Reaction Vessels are 

usual. It is necessary to provide " | 
for draining such cylinders, either J 


by a special connection at the bot- Miir 34 ] 
tom or by inverting the cylinders, C | 
filling and emptying from below. ^. HydescPump || | 


If a spherical instead of a cylin- Waste 
drical storage vessel is used, а sav- Fig, 41.—Arrangement of hydraulic pump, | 
ing in weight estimated at 25 per valves, and storage cylinders, 


vent results [Furrer, Jasper, and 

Needham, "Special Containers for Transporting Gas under High Pressure," 
Mech. Eng., 61, 941 (1929)]. A single sphere, roughly 72 in. inside diameter 
and weighing 8300 Ib. contains 15,400 cu. ft. free gas at а pressure of 2000 1b: 
рег sq. їп. To equal this, 77 ordinary 200 cu, ft. gas cylinders would have 
to be used. 


Measurement and Control} 


Pressure. The most usual method of measuring pressure is by means of | 
the Bourdon tube pressure gage, which consists of a flattened bronze or steel 
tube bent into an arc. As pressure is applied the tube tends to straighten, 
and this movement is transmitted to a dial through а suitable magnification 
train. Bourdon tubes for high pressures are made of steel, Since so much 
depends upon them, only tubes made according to the most exacting standards 
and carefully aged by the manufacturer should be used, 14 is customary to 
use the gages at one-half the maximum pressure provided on the scale оп 
fluctuating pressures and two-thirds of that pressure when the pressure 15 
steady. If в Bourdon tube is overranged and subjected to a pressure highet 
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than that at which it was stressed in the aging process, permanent distortion 
may occur, causing recalibration to become necessary. 

Gages that are in continuous use, and especially those subjected to constant 
тарій fluctuations of pressure, should be checked at frequent intervals. А. 
convenient way of doing this is to have an accurate master gage that can 

€ attached for comparison somewhere in the line to the regular gage, At 
Tegular intervals the master gage should be checked against a dead-weight 
Rage, 

The dead-weight gage consists essentially of a precisely fitted piston and 
cylinder, Pressure is developed by direct (or indirect) dead-weight loading 
$f the piston while it is being rotated or oscillated to avoid static friction. 
‘The oil or other viscous liquid with which the cylinder is filled serves both to 
transmit the pressure to the instrument under test and to lubricate the piston. 
With the effective piston area and the piston loading both precisely known, 
Ereat accuracy is possible. 

A pressure-measuring element operating on the dead-weight principle, 
Using a combination of dead-weight and mercury-column loading, is available 
from the Bailey Meter Company. - In it the high accuracy of the dead-weight 
Principle їз combined with automatic operation, remote transmission of 
tending, and/extreme suppression of range. 

Also of interest is the piston-type pressure element with helical spring, 
made by Esterline-Angus, This element, made in ranges to 20,000 Ib. per 
8Q. in, may be considered intermediate between the Bourdon spring, in which 
Setuating area and resisting load or spring are one and the same unit, and the 
Head-weight londed piston. It is particularly suited for rapidly and violently 

uctuating high pressures such as are commonly encountered in hydraulic 
testing of pipe. 

‚ Pressure control may. be effected pneumatically, electrically, or hydrau- 
еу. Мове commonly used are the: highly developed flexible pneumatic 
*yetems which lend themselves equally well to open-and-shut, proportional, 
Or proportional-reseb control action. Now less commonly used, except for 
*Pecial applications, are the electric systems. ^ While types are now available 
Which avoid compromise of pen or pointer accuracy to secure adequate соп- 
tact actuation, the extra cost imposed by explosion-proof construction, when 
Tequired, and the very considerable limitation of control accuracy or range- 
Ability and response imposed by floating-type, motor-operated valves, or by 
gpen-und-shut. action valves in a by-pass, restrict the use of electrie control. 
imilar control limitations as well as relatively high cost have restricted the 
“pplication of hydraulic controls, 

For opening and closing relatively small streams a solenoid-operated valve 
May be used (see Fig. 23). 

Temperature. The temperature in high-pressure apparatus is usually 
measured by means of thermocouples in wells which are let in either through 
the hends of the larger vessels or through special fittings in the connecting 
ines. Since cylinders are not stable to external pressure, it often happens 
that thermocouple wells collapse under conditions which do no damage to 
fther parts of the apparatus. Unless, as sometimes happens, the tubing 
breaks, the collapse in itself does по harm. It may of course be prevented by 
saving the thermocouple fill the well clear to the bottom, or, when this is 
Impossible, by filling the empty portion with а rod which may be attached 
10 the end of the couple. The heat capacity and condition of heavy walls 
Tequired to resist the higher pressures make it impossible to get the exact 
temperature at any one moment or at any one spot in the surroundings of 
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the well. Where such exact measurement is required, the thermocouple ог 
resistance thermometer leads may be brought in through connections of the 
sort described in the paragraphs on Electrie Leads, and the bare junction 
or coil placed directly in the catalyst bed. Errors are introduced by this 
method as a result of the effect of pressure on resistance and thermoelectric 
force, but these errors are relatively small. A very practical method involves 
the use of a thermocouple consisting of an insulated constantan wire running 
through a copper or iron tube to the closed end of which it is fastened in suck 
а way as to form a proper thermoelectric junction. Several such commercial 
thermocouples or several dozen special ones can be welded into a fitting similar 
to that in Fig. 11 and the whole screwed into the head of the reaction vessel, 
taking no more space than a single well. Wires from the constantan and the 
tube lead to the pyrometer switch or pyrometer. 

‘Thermocouples in wells are often satisfactory guides, because in practice 
it is usual not to decide in advance upon the temperature nt which a certain 
point shall be kept, but to find by trial a temperature that gives satisfactory 
results. Moreover, this fact makes it possible, when reaction vessels are 
externally heated, to control the reaction temperature not directly by 3 
thermocouple well in the reaction zone but indirectly by в couple imbedded 
in the wall of the vessel, thus giving an assurance that the wall at no time 
exceeds a safe temperature. A thermocouple in the reaction zone then 
merely serves as a guide to the necessary wall temperature. 

‘Temperature control itself presents no features different from that at low 
pressures, except that the huge forces unleashed when a failure occurs in a fired 
vessel or in a vessel in a confined space may upon occasion make it advisable 
to have dual control, во that if one instrument fails another is at hand to take 
up the duty automatically. The same considerations make it advisable to 
check thermocouples frequently and to make sure that they are not subjected 
to temperatures and chemically reactive atmospheres for a 
which they are not suited. Just asin the case of pressure | E 
Control, temperature control installations in high-pressure == == flow 
synthesis plants are now largely pneumatic. Especially 
rapid has been the extension of pneumatic control to 
potentiometer-pyrometer measurements. 

Flow. Two types of flow meters are useful at high 
pressures: one the familiar orifice meter, the other the 
‘Thomas electric meter. ‘The latter depends upon meas- 
uring either the temperature rise from a fixed heat input 
or the energy input to maintain a fixed temperature rise. 
Та the laboratory this may conveniently be accomplished 
by winding two equal resistances on the tubing on either 
side of the heating element, making these resistances the 
arms of a Wheatstone bridge and measuring only the 
difference between them. This method has the advan- 
tages of inherent compensation for temperature and pres- 
sure changes in gaseous mediums but the disadvantages of 
high cost and complication and extremely sluggish re- 
sponse in plant-scale, high-pressure equipment. 

In an orifice meter the problem is that of measuring a small pressure drop 
at в high absolute pressure. In the Bosch flow meter (Fig. 42) the two ends 
of a semicircular mercury-in-steel pivoted manometer are connected to the 
orifice in the main line of flow, using very fine tubing wound into coils which 
interfere as little as possible with the free motion of the tube. As the flow 
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Increases, the mercury rises on the low-pressure side of the semicircle, which 
Swings about the fulcrum to keep the center of gravity directly under the 
Point of support. The motion of the semicircle is measured by a pointer 
and a scale. 

Domestic industrial flow meters suitable for the high static and differential 
Pressures usually encountered are generally of the stationary U-tube and float 
type. In the Foxboro meter, made in ratings of 5000 Ib. per sq. in., the motion 
of the float is carried directly to the pointer through a precision seal bearing, 
Which is lapped to negligible friction and leakage, when tested dry and then come 
Pletly sealed by a film of lubricant. Similar pressure-tight bearing construc- 
tions are used in the Westcott (American Meter Company) meter and the 
Brown mechanical meter, both made in ratings to 2500 Ib. persq.in. Ја the 
Tagliabue meter, rated at 2500 Ib. per sq. in., a pair of magnets mounted соп- 
fentrically within and without a pressure-sustaining non-magnetic tube serve 
in place of the lapped bearing of Foxboro. In the Brown electric flow meter, 
made in ratings to 5000 Ib. per sq. in., the float raises and lowers a magnetic 
fore in a pressure-sustaining non-magnetic shell, outside which is a split 
nductance coil. А. similar arrangement of coil and core in an indicator is at 
balance only when the positions of the two cores in the coils correspond. In 
the Republic meter, the rise of the mercury is measured by means of resist- 
Ances which are successively short-circuited as the mercury rises, The 
meereury is covered by oil and must be kept very clean. By arranging the 
resistances во that the short-circuiting points rise in a parabola above the mer- 
гу, the current is made to increase stepwise as the square root of the mer- 
бшу rise and so directly as the flow. А voltage-compensated ammeter 
„really an ohmmeter—serves as the indicator, and a voltage-compensated, 
Ampere-hour (or watt-hour) meter as an integrator. 

‘The advantages and limitations of the various types 
Selection for specific applications are difficult to депе, 
Mechanical meters are not inherently remote-indicating types like the electric 
meters, but they can be equipped with pneumatic or electric transmission 
When required. ` The mechanical meters are usually limited by the unsuita- 
bility of available bearing lubricants for specific process conditions. The 
fon-magnetic tube meters are limited by the rapid decline of the transmitted 
torce or torque with the increasing tube thickness required for higher pres- 
utes, The contact meters are limited by their stepwise action, especially 
{1 ће lower part of the scale, and possibly by problems of keeping contacts 
Clean without oil or of avoiding foaming of seal oil on major pressure 
changes, 

The control of flow involves, of course, the same instrument mechanism 
that is used for pneumatic or electric control of other variables, but the 
translation of control action to flow changes is а real problem at high pres- 
Aires. Valve designs are entirely special and very costly, and the variation 
Of compressor or circulating-pump through-puts by bleeding back to the 
Suction is wasteful of power and costly in valve maintenance. Similar results 
With economy are achieved at constant-drive speed by variable-clearance 
fompressors, Since increased clearance means that the piston travels back 
farther before the pressure becomes low enough to open the intake valves, 

ів means that a smaller portion of the stroke is actually used to bring in 
fresh gas, or that less fresh gas is brought in. Accordingly, the output of 
the compressor is decreased. The control of flow is also readily accomplished 
by the use of variable-speed motors, which have been brought to a high 
degree of perfection for alternating as well as for direct current, 


nfluencing their 
alize upon. The 


2190 HIGH-PRESSURE TECHNIQUE 


Level. The measurement of the position of the interface between gaa 
and liquid at high pressures may be accomplished by balancing the head of 
liquid against a column of mercury. Liquid level gages identical with tbe 
types of mercury-manometer flow meters described above are used to indicate 
the level of the meniscus. As the operation of these level gages in no wise 
differs from those used at low pressures, there is no need for describing them 
at length. А second very useful method consists in mounting on scales either 
the main receptacle or a smaller vessel connected with the main body by 
flexible tubing. А third method involves mounting one or more suitable 
conductivity cells in the vessel. These operate signal lights or electrical indi- 
cating instruments when wet with process liquid. 

‘The level may be controlled by pneumatically or electrically operated valves 
actuated by a gage. This kind of control makes it possible to separate a gaa 
and a liquid under pressure, drawing off one and recirculating the other. 
There is often a definite advantage in this: it saves recompression costs, the 
removal of a reaction product often permits the reaction to be carried further 
in another vessel so that the concentration of the desired product is built 
Up, and there is less handling loss due to recirculation of unconverted material 
later in the process. Moreover, if 90 per cent of the gas ean be removed at à 
total pressure in comparison with which the vapor pressure of the liquid i 
negligible, the vapor carried off with the remaining 10 per cent when the 
pressure is released will be a relatively small amount. 

Pressure Drop. Pressure drops in a high-pressure synthesis system may 
be very significant, and simply placing two record pens оп the same chart 
may not be sufficiently accurate or direct-reading, For moderate pressure 
drops the usual flow meter serves as a direct-reading pressure-drop instrument, 
but at higher drops range tubes 2 in. high per pound differential become 
unwieldy. In such cases readings transmitted from scattered static-pressur? 
instruments can be shown on a single direot-reading pressure-drop recorder 
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When reasonable precautions are taken, high-pressure plants can be made 
ва safe ав any. There ure a few hazards peculiar to work at high pressures 
that it seems worth while to enumerate 

1, At least one fatality and several accidents are known to have resulted 
from split Bourdon tubes. The fatality is believed to have been the result 
of a rush of compressed inflammable gas into a Bourdon tube containing air. 
‘The minor explosion which occurred split the tube and a particle flying from 
the gage case was responsible for the death of a man. То permit the escape 
of gases, the eases of Bourdon gages should be provided with large vent 
openings covered with paper or foil for dust protection. Whenever possible 
the gage glass should be removed and the face left open or, for dust protection, 
the glass replaced with thick transparent sheeting or with safety glass 80 
that the danger from flying particles will be avoided. Bourdon gages should 
be placed above eye level. In some laboratories it is required that Bourdon 
gages be placed behind a barrier and read only by their reflection in mirrors 
во that the observer is at all times out of the direct line of danger. The usual 
procedures should be followed, such as the use of oil seals to prevent corrosion; 
throttling down to prevent fatigue, and the use of built-in checks to prevent 
the pressure from rising or falling too suddenly, 

2. With inflammable gases at high pressures, the Armstrong effect is » 
possible source of trouble: when a gas containing finely divided liquid or solid 
particles passes at high velocity over an insulated metallic object, that objec! 
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becomes electrically charged. | The charge may become sufficiently great to 
cause а spark which in turn ignites the gas. 

: When metallic containers rupture, frictional’ effects may cause. very 
high local temperatures and the ignition of inflammable gases. 

4. It is rarely possible to cool a diréct-fired vessel and its setting in a hurry. 
Stich apparatus should be followed by a by-pass leading to the atmosphere so 
that if а failure'or a plug oceurs farthér along in the process the by-pass сап 
‘be opened and material kept running through the direct-fired apparatus while 
it cools, 

5. Where it is not possible to use a self-seating safety valve, it is sometimes 
Dossible to have two safety valves: one set slightly above the operating pres- 
Sure with a shut-off valve between it and the body to be protected, and the 
Other sét somewhat higher aud without the shut-off valve. When the lower 
Safety valve releases, it can ђе reseated with the shut-off valve closed, while 
lose observation and the higher safety valve provide the necessary security. 

б. A variety of pressure relief that has met with favor because of its positive 
Action and because it cannot readily be prevented from blowing off when the 
Pressure exceeds a certain value is the rupture disk, which consists of a plate 

leld in place Over an opening by means of flanges. When the pressure rises 
(оо high, the disk ruptures: i The disadvantages of the method are that the 
ийге contents! of the pressure system are discharged, and that corrosion-may 
#0 weaken the disk that unless frequently inspected and renewed it may 
burst at too low a pressure; on the other hand, since the working pressure 
Produces stresses close to the yielding stress of the material of the disks, they 
tend to become strain hardened with continued use and may then fail to 
relieve the pressure at the desired point. 

7. Carbon monoxide rapidly attacks pure nickel, forming nickel carbonyl, 
And even attacks iron, though much more slowly. When carbon monoxide 
is to be used, the proper selection of alloys is important, Tt is also necessur: 
10 warn against the use of mereury in any apparatus in which it can come in 
fontact with copper, brass, or other metals with which it can amalgamate. 
The general belief that mercury does not wet steel or form alloys with it is 
incorrect: Bridgman found that mercury can wet surfaces made by breaking 
Steel in mercury. This is of great importance where there is any possibility 
Of a crack in a meroury container opening slightly under pressure, allowing the 
mercury to wet the steel and start to undermine the walls. 

8. Some catalysts, notably very active nickel ог iron powders, are highly 
Pyrophoric. Where there might ђе a danger of their leaking through valves 
9r stuffing boxes, drying out and glowing, it ia desirable to provide a constant 
Stream of water to wash them away so that any inflammable vapors or gases 
that accompany them may not atch fire. 

9. Тре larger and hotter pieces of high-pressure equipment may be placed 
to advantage behind heavy barricades, for in case of failure, heavy walls and 
light roofs give protection to the surroundings. At the same time it should be 
Urged that anything permitting the formation of gas pockets is to be avoided: 
the buildings in which high-pressure apparatus is housed should permit the 
freo passage of air through all parts, especially up under the roof. Where 
Poisonous or inflammable gases are used, additional protection for the opera- 
lors should be provided by the installation of forced ventilation. This 
System is, however, worse than useless if the draft is too strong or its tempera- 
ture too high or too lo: 

10, Since leaks аге a serious fire or health hasard, they should be repaired as 
Promptly as possible, especially as erosion quickly makes the leak worse and 
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may cut into the metal so severely as to require replacement of a portion of the 
apparatus. Leaks should not be tightened under pressure. 

11. Welded apparatus for very low temperatures must. be exceptionally 
well annealed. Several split welds in high-pressure equipment, cooled with 
liquid air have shown how serious a cause of accident, this might. be. 

12. Oxygen cannot be compressed with safety in the presence of oil (Негвоу, 
A Study of the Oxygen-Oil Explosion Hazard, J. Am. Soc. Naval Eng., 36, 231 
(1924)], во that water must Бе used as a lubricant. It has been found that 
when oxygen is admitted rapidly at high pressures into a space containing à 
bit of oily material explosions may ensue. The explosion in the Bourdon 
tube mentioned above may have been of this nature. Every reason indicates 
that pressure should always be built up slowly. 

13. A word of caution is needed because of a common factory usage accord- 
ing to which ozygen is called air. Since compressed air may be used with oil 
at pressures much higher than are safe with oxygen, the substitution of oxygen 
when compressed air was desired has beeri the cause of accidents, 

14. The periodic inspection of high-pressure equipment is a very real 
necessity and is а matter of routine in all high-pressure plants, Apparatus 
should be constructed to permit inspection of the inside surfaces and measure- 
ment of the outer dimensions. Sections of piping should be removed and 
inspected for changes in dimensions and for the growth of longitudinal cracks 
formed in drawing. 
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General. "The chemical engineering industries, as soon as they emerged 
from small-scale batch processes, were forced to adopt whateyer mechanical 
handling equipment was available, The high proportion of liquids among 
the materials bandled and the nature of many of the materials made this 
course necessary. These same factors caused a rapid development of 
handling methods in the chemical engineering field. Моге recently, progress 
in other industries has developed many new handling methods, and. these 
have been applied in chemical engineering practice as goon as available. 
Tn this way, conveying and lifting equipment has been adapted from the 
metal-working industries and pumping equipment from the food field and 
from power-generating practice. 

Movement, and Storage of Materials, This unit process of chemical 
engineering comprises the handling and storing of all materials, solids, liquids, 
and gases, during the course of manufacturing. It takes the materials into, 
through, and out of the plant. 

It has been estimated that from 20 per cent to as high as 00 per cent of all 
manufacturing costs in the chemical engineering industries ig made wp of the 
cost of moving and storing materials, depending upon the particular industry 
scrutinized. Economy in the conduct of this unit process is therefore of 
great importance. 

In general, it may ђе stated that economy can ђе obtained by the sub- 
stitution of machine operation for hand labor. Where a.mnchine is already 
used, the substitution of a more economical machine will. lessen costs... This 
isin large part due to the rapid increase in labor costs їп. recent years. How- 
ever, in making such substitutions, саге must he taken. to select; the equip- 
Ment most suitable to the operation to be performed. 

Economy in manufacture is in part based on holding.at a minimum inyën- 
tories of materials in storage and in process. This means that materials 
should make the most rapid progress possible through the plant. Fully 
mechanized handling of materials and storage operations are the best means 
of attaining this end. 

In order to realize the maximum advantage from the use of mechanical 
equipment for moving materials, it is necessary to adjust all the work, the 
Operation of every step in the process, to the most advantageous operating 
rate of this equipment. When this is done, the count of material units pass- 
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ing any point is a measure of performance and makes possible aceurate manu- 
facturing control. 
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MOVEMENT OF SOLID MATERIALS AND CONTAINERS 


Solid materials moved in the chemical engineering industries include 
raw materials, materials in process, and finished products. 

Raw solid materials include quarry products such as limestone, phos- 
phate, dolomite, shale, clay, gypsum, bauxite, and. sand; mined products 
such as salt, sulfur, coal, pyrites, and metallie ores, and minerals such as 
feldspar, pigments, asphalts, waxes, and pitches; vegetable products such as 
wood, cotton, cotton seed, flax seed, palm kernels, soya beans, copra, raw 
sugar, and sugar beets: llulose-bearing materials such as bagasse, straw, 
and pulp; crude rubber; and animal products such as hides, fats, and 
bone. 

Solid materials entering a process often become fluid, while materials 
entering а process as fluids often become solid. Solid materials in process 
are powdered, granular, or bulky in form, and their nature will depend upon 
the processing which they have undergone. This must be determined by a 
study of the particular industry to which the materials-handling equipment 
is to be applied. 

Solid finished products of the chemical engineering industries include 
such materiala as coke, charcoal, sugar, salt, soap, pottery, porcelain, brick, 
explosives, fertilizer, glass, gelatin, caustic, leather, lime, cement, grease, 
pigments, paper, pulp, paraffin, rubber products, dyes, and drugs. 

Containers are used for holding solid, liquid, and gaseous materiale, whether 
these are raw materials, materials in process, or finished products. Common 
types of containers, all of which must be handled as though they were solids, 
include bales, bags, boxes, kegs, barrels, drums, bottles, carboys, tanks, pack- 
ages, saggers, and special skid platforms. 

Four general classes of equipment are available for handling solid 
materials and materials їй containers, ‘These are: 


1, Conveyors, 
2. Overhead equipment, as hoi 
3. Trucks, tractors, and trailers. 
4. Industrial railways. 


is ог oranes, 


1. Conveyors 
Conveyors are usually permanent structures and are frequently integral 
parts of the manufacturing equipment. Portable conveyors of various typea 
аге also available for certain classes of work. 
Types of conveyors, classified in accordance with the direction of movement 
for which these are primarily suited, are: 


Horizontal Movement. 
Belt conveyors, 

Chain or cable conveyors. 

Chain trolley conveyors. 

Platform, slat, apron, and pan conveyors. 
Gravity roller conveyors. 

Wheel conveyors. 

Live, or driven, roller conveyors. 

Bucket carriers; 

Scraper, flight, pusher-bar, and drag conveyors. 
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Redler conveyors. 


Drag-line seraper conveyors. 
Pneumatic conveyors. 
Solids pumps. 
Vibrating conveyors, 
‘Vertical Movement. 
Bucket elevators, 
Skip hoists. 
Chain elevators, 
Barrel, package, bag, and tray elevators 
Bucket. carriers. 
Belt elevators. 
Spiral chutes. 
Roller spirals, 
Chutes or spouts. 
Redler conveyors. 
Pneumatic conveyors. 
Johns conveyors. 
Solids pumps. 
Combined Vertical and Horizontal Movement. 
Inclined belt: conveyors. 
Inclined chain conveyors. 
Inclined chain trolley conveyors. 
Inclined scraper flight, drag, and pusher-bar conveyors. 
Inclined platform apron slat and pan conveyors. 
Inclined live roller conveyors. 
Tnelined gravity roller conveyors. 
Tnelined-wheel conveyors. 
Inclined screw conveyors. 
Redler conveyors. 
Bucket carriers. 
Chute 
Pneumatic conveyors. 
Johns conveyors, 
Solids pumps. 
‘Vibrating conveyors. 


These types of equipment are defined ав follow: 
Belt conveyors (Fig. 1) consist of endless belts carried on a driving pulley 
at one end of their run and ап idler pulley at the other end, and supported at 


loading hı 
, Discha; Долене, 


pos Es 
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Ро, 1—Simple type of horizontal belt conveyor loaded at one end by hopper and 
discharging into spout; belt may be troughed or flat, 


appropriate intorvals at both the top and bottom parts of the run by rollers. 
Material is carried on the upper surface of the belt in either or both parts of 
the run but usually on the upper part. Driving equipment, take-ups to 
keep the belt at the proper tension, and loading and unloading devices such 
ав belt trippers and feeders* are the important accessory devices, 


* Bre p. 2286, 
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Chain conveyors consist of endless runs of chain or cable carried on a 
driving sprocket, idler sprockets, and, by means of rollers, on guides and 
equipped with hooks, pushers, or other devices for engaging the material to 
be moved. Loading and unloading devices are not standard but, if used, 
are designed for the mate 
to be handled. Take-ups and 
driving equipment are the 
chief accessories. 

Chain trolley conveyors 
(Fig. 2) are a variant of the 
chain conveyor, adapted for 
overhead service by the use of 
irolleys whioh serve to support Fre. 2,—Chain links, roller, and guidé ns used 
the conveyor and allow it to in simple form of chain conveyor of trolley type 
move along a suspended track for overhead = 
of I-beam, channel, or inverted. 

T-beam type. Loads are suspended from the chain, generally at points 
directly beneath the trolley attachments, by means of hooks ог cartiers 
In general practice with these conveyors- the trolley. serves) to, transmit, the 
load to the track, while the 

chain serves as a means of 
moving the eonv or. 

Platform, slat, apron, 
and pan conveyors (Fig. 
consist of one or two paralle 
endless runs of chain or eable, 
or of а belt, upon the outer 
surface of which are affixed 
platforms, aprons, slats, pans, 
or other receptacles. "These 
conveyors are provided with 
driving and idler sprockets or 
pulleys at the ends of the run 
and suitable guides or sup- 
ports for the top and bottom 
parts of the run. | Driving 
equipment: and take-ups are _ Fro, 3.—Sketch of ры ог simple type of apron 
the chief accessories, Loading conveyor. Two chains are used in larger size 
aud unlóadig devices, when Placed at sides of aprons, Рада мала, or platforms 
пей, aro designed to ашь the MAY replace the aprons to auit the purpose of the 


^ conveyor, 
needs ot each application: 
Gravity roller conveyors (Fi 
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4) consist of succession of rollers mounted 
on ball- or roller-benring spindles and held between the parallel sides of a 
structural steel frame. Live roller conveyors or chain conyeyors, such аз 
the pusher-bar type, are frequently used in conneetion with the gravity roller 
conveyor to aecomplish vertical lifts of the material 

Wheel conveyors are 4 special form of roller conveyor in which the rollers 
are replaced by wheels equipped with antifriction bearings. The usual form 
of this conveyor is made up of two side members in, which the spindles of 
the wheels are so fixed that the rims of the wheels project above, providing a 
live surface over which objects may be pushed or may move by gravity, 
Structural steel supports are provided at appropriate intervals. Some 
wheel conveyors are provided with a third line of wheels in the center, to 
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Fra, 4,—Grauvity roller conveyor, showing switch section, indicating flexibility of such 
auipment 


give added support to the objects being conveyed. Wheel conveyors 
generally used for handling bundles, flat-bottom containers, or other similar 
materials. 

Live, or driven, roller 
conveyors are similar to grav- 
ity roller conveyors, with a 


means of positively rotating 5 “Dumping. 
the rolls, such ns bevel gearing, ; - 
added. Accessories consist of — Storage bins 


the driving equipment. у 
Bucket carriers (Vig. 5), 
whether of the V bucket, ртау- =. 7 
ity discharge, orofthepivoted Ф. T кој 
bucket type, consist of one or 
two endless chains employed 
as in chain conveyors but 
carrying a series of attached 


Fi. 5.—Sketch of simple pivoted bueket-carrier 


buckets which serve as recep- RUE 
tacles for the material being 4 
handled. Buckets discharge by 

gravity or, in the case of the pivoted Rollers and 


type, by means of a tripping 
arrangement. Accessories are the 
вате ns used With chain conveyors. 
Loading is usually by hopper and 
spout. 

Scraper, flight, drag, and 
Pusher-bar conveyors (Wig. 6) 
consist of one or more chains, in 
general, similar to those making 
up chain conveyors but passing 
through a trough or set of guides, 
ко that the motion of the chain, Fra, 6, Seraper flight conveyor, which 
either alone or assisted by attach- illustrates method of using guided chains with 
ments such as flights, moves the attachments for conveying, 
material that is placed in the trough 
or between the guides, Accessories are generally the same as for chain 
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vonveyors. Loading and unload- 
ing devices are designed to suit 
the application, 

Redler conveyors are a special 
form of flight conveyor devised 
for handling finely divided or 
powdered material which can be 
caused to flowin an enclosed duct. 
‘The conveyor consists of a c 
cular, rectangular, or square metal 
duct through which a c 
equipped. with U-shaped flights із 
moved. The duct is kept filled 
with the material being conveyed, 
and the movement of the flights 
causes this column of material to 
move along the duct, Movement, 
can, be in any direction, | Acces- 
sories are feeders,* un- 
loaders, and driving 
mechanism, 

Screw conveyors 
(Big. 7) consist of shafts 
having в continuous 
helical fin or projection 
and rotating in a trough 
or casing in such a way 
that the fin pushes the 
material handled from 
one end to the other. 
Accessories consist of 
driving equipment, 
bearings, and unloading 
and loading devices de- 
signed to suit the par- 
ticular installation, 

Johns conveyors 
consist of endless rub- 
ber tubes or pipes, made 
іп уо interlocking 
halves. Inside one 
half, at regular inter- 
vals, are fixed circular 
rubber partitions of a 
diameter equal to the 
inside diameter of the 
iube. This tubeis car- 
ried on pulleys and 
idlers and can convey 
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Еш. 7.—Sketch of part of screw conveyo 
open trough. 


Filter or other 


materials of a finely types of preumatic conveying systems; (а) Suction type 


divided or lumpy Ða- for unloading or taking а supply from se 
discharge point; (b) pressure type used principally in taki 
supply from one point to several discharge points, 


* See р. 2286. 


ral points to one 
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ture, or even liquids, in any direction. In operation a loading device causes 
the two halves of the tube to separate and fills the lower half with material, 
After which a closing device brings the tube halves together and interlocks 
them, giving the tube slight twist во that the halves remain locked. For 
unloading, another device causes the tube haly separate so that the 
material spills out into а. discharge hopper. 

Pneumatic conveyors (Fiz. 8) consist ої equipment for either sucking 
or blowing through a pipe line any material that сап ђе handled in such a 
manner. Parts of this equipment generally comprise the intake or feeder, 
the pipe line and fittings, the separator, the air-locked discharge, and the 
blower or exhauster with its motor 

Bucket elevators (Fig. 9) consist of au endless belt, or one or more 
endless chains, passing over pulleys or sprockets at top and bottom and with a. 
Succession of buckets attach- 
ed Гог holding the material 
that is conveyed. There is 
usually. а specially designed 
loading hopper, called а © 


"boot," n casing. and а YA 


$ 
ЗИ Sp 
p IN 
in 
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Sip bucker 
Fre. 9, Fie, 10, 


Fig. 9.—Typical bucket, elevator with spaced buckets and centrifugal discharge. 
Other types have continuous buckets or positive discharge. 

Fro. 10.—8kip hoist, used for elevating materials to storage bins, 
discharge hopper or chute. Usual accessories are take-ups and driving 
mechanism, 

Skip hoists (Fig. 10) are automatic elevators in which a single large bucket 
or “skip” is raised by the winding of a cable on a drum, it being guided in а 
Structural steel frame and automatically dumped at the top of the run. The 
hoist is designed for quick return. Usual accessories are the hoist drive, а 
feeder for loading, and some type’ of chute or hopper for discharge. 
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Chain elevators, barrel, package, and tray elevators, are all variations 
of the same mechanism, which consists of one or more endless chains running 
over sprockets at top and bottom, with or without а easing, as desired, and 
equipped with some type of engaging device for supporting barrels, pack- 
ages, trays, or other material. Usual 


accessories are driving mechanism and OM 
take-ups. Loading and unloading de- Fredoor. | 


vices are generally special. 

Belt elevators consist of an endless 
belt, running over pulleys at top and 27 
bottom and having cleats or some other 
means of moving material affixed to the 
outer surface. These elevators may 
lave a casing if desired. Important 
accessories are iake-ups and driving 
equipment, ~ Special means for loading 
and unloading шву ђе provided. 4 БЕ 

Spiral chutes (Fig. 11) are formed "hada point 
of a helically shaped sheet-of metal 
attached to a, center post or core and 
enclosed in alcasing or поб йй, desired. 
The material slides downward роп the 
upper surface of this platè Which is 
smooth to permit easy passages Special 


loading or unloading devices are! some- 


times used with chutes. ИВ 
| LA. re oor 
Roller spirals are similar in purpose 
to spiral chutes and differ only inyhaving оар 
а spiral formed of gravity roller conveyor point ы — 


specially designed for the purpose, 2222 
Their slope is less, so that they permit 

of moving loads vertically downward at 

а slower rate than on a spiral chute: E 

Chutes or spouts are metal strips | Discharge chute 
formed.in various ways so that material (j| °7° 214 ње] 
may slide within or on them from а 
higher to в lower level. 

Drag-line scraper conveyors (Fix. 
12) are operated by a hoist and consist . 11.— Open-type atngle-blade'sp 
of а scraper or bucket attached  be- Double-bladé and enelased ty pos 
tween the ends of 'a cable that can be are available. 
wound or unwound from the respective sides of a double drum. Ву means 
of appropriately placed guide sheaves, the scraper is caused to drag over 
and pick up the material to bé moved. This conveyor can be used for 
storing material or reclaiming it irom storage, depending upon the point of 
loading and unloading. It is generally used in conjunction with other 
conveyors. 

Solids pumps (Fig. 13) may be considered as combinations of serew con- 
veyors and pneumatic conveyors but are actually neither. Material of а 
finely divided nature, or made up of reasonably small pieces, is fed by a screw 
through an air chamber where numerous jets of air are introduced from a ring 
around the pump casing. This aerates the material, expands it, and causes 
it to “flow,” thus increasing the ability of the serew toforce it through а 
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pipe line to the point of delivery. Usual accessories are à drive for the screw, 
special valves for the line, and a compressor for air supply. 

Vibrating conveyors consist of open or closed troughs, or tubes, in which 
material is conveyed horizontally, or up or down inclines. Movement of 
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Fro. 12.—Layout of storage yard with drag-line вегариг installed. 


the material is caused by vibrations of high frequency applied to the bottom 
of the conveyor by electrical or other means. Feed can occur at any point 
along the conveyor, through feeding hoppers. Discharge can also be made 
through bottom gates афалу point in the length of the conveyor, Accessories 
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erial from one source and delivering 
pipe, 


Tic. 13.—Pump for pulverized solids, taking 
to several points 


ure feed and discharge controls and mechanism for applying vibration to the 
conveyor bottom. These conveyors are suitable for handling coarsely or 
finely divided materials in bulk, under closely controlled conditions. 


2, Overhead Equipment, as Hoists and Cranes 


Overhead equipment is of two classes, that which only lifts materials, and 
that which transports as well ав lifts, 


2204 


Lifting Equipment. 
Hand chain hoists. 
Motor chain hoists. 
Dram hoists and platform elevators. 
Stationary cranes. 

Lifting and Transferring Equipment. 
Hand-operated monorail or trolley systems. 
Motor-operated monorail or trolley systems, 
Hand-operated traveling cranes. 
Motor-operated traveling cranes. 
Locomotive cranes. 
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These types of equipment are defined as follows: 
Chain hoists (Figs. 14 and 15) are lifting devices consisting of a chain 
which is wound on or unwound from a drum ог sheave, The rotation of the 


handles 


Ела. 15,—Motor-operated chain hoist. 


drum is caused by a hand chain that passes over a sprocket; or by an electric 
motor, acting through а gear train upon the drum. The whole hoist is sup- 
ported from above, either from a ceiling beam or from a structure built for 
the purpose. The hoisting chain is provided with a hook or other means of 
engaging the load. 

Drum hoists and platform elevators operate on the same general 
principle as chain hoists, except that a wire rope or cable is usually substituted 
for the chain. The drum is frequently located at the lower-floor level or 
ground level, with the hoisting cable passing through a sheave or guide pulley 
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at the upper level. Steam engines, internal-combustion engines, or electric 
motors are used for driving these hoists or elevators, generally through a 
gear train, although hand power is sometimes used. А cage, platform, hook, 
or other means of lifting ma- 
terial is attached to the end of 
the cable, Usual accessories 
include a casing or guides for 
the load and controlling equip- 
ment for the drive, A brake 
is provided on the drum to en- 
able the load to be stopped in 
the desired position, Counter- 
weights are often used. 
Stationary cranes are 
used for lifting materials and 
moving them to points within 
reach of a boom constructed 
to rotate about a fixed column. 
They may be operated by hand 
or mechanical power. Loads 
аге usually lifted by a hook or 
other device attached to a 
chain or cable that is wound 
on a drum similar to that used with а hoist. This equipment is mostly 
used for unloading ears and trucks and for handling heavy objects over в 
restricted area, 


. 16.—Hand-operated monorail trolley, ог 
ail" with hand-operated chain hoist’ at- 

Other types of attachments, such as 
carriers, are used with monorails, 


Fio, 17.—Electrically operated monorail trolley with motor-driven chain hoist, arranged 
for operation from floor. 


Monorail or trolley systems (Figs. 16, 17, and 18) are means of conveying 
materials along an overhead trackway consisting of з single rail or track of 
various suitable designs. The simplest form of such equipment consists of а 
light track suspended from a ceiling or suitable supporting structure, upon 
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which operate various designs of wheeled carriers propelled by hand. Опе 
of the most used forms has for a carrier а hand or motor-operated chain hoist, 
propelled by hand, The more complicated forms of monorail systems have 
carriers consisting of motor-operated hoists that are propelled along the track 
by & motor drive, Such monorail systems are operated from the floor in 


operator rides, 

When а cable is substituted for the track upon which the carrier or hoist is 
suppotted; the device is called а cableway or telpher. “These ure largely 
used (ог (ће outdoor transport of heavy materials, as at mines or quarries. 

Traveling cranes (Fig. 19) are of two types. The ordinary traveling 
crane is a structural steel device consisting of two beams, rigidly connected 


“Crane propelling 
[or id 


Cab 


Fro, 19.—Electrically operated traveling crane with cab for operator. 


at the ends and carrying between the two beams a hoist. This hoist is 
arranged to move along the structure on tracks. ‘The whole device is mounted 
at the ends on rails in such а manner that it can be moved at right angles to 
the direction of trayel of the hoist. Such cranes are operated either by hand 
or by motor drive, or are part hand and part motor driven. Gantry or 
bridge cranes are modifications of traveling cranes in which the whole crane 
is elevated above the tracks upou which it travels by means of structural 
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Supports. These latter cranes аге adapted to service im outdoor storage 

yards where no overhead supporting structure is conveniently available, 
Locomotive cranes (Fig. 20) are rail cars with a crane of the stationary, 

Tevolving-boom type mounted upon them. The driving mechanism of the 


№ 


N ат shell 
ие! 


Fra, 202 


Gasoline-engine-driven locomotive crane, Btenm-engine or elect 
also used with this equipment. 


û drive is 


crano is arranged to-propel’the whole device along the trac 
rain connection to the wheels of the car, 


through а gear- 


3. Trucks, Tractors, and Trailers 


‘Trucks and tractors are of two general types, hand operated and power 
operated. 


Hand Operated. 
Lift truck 
Platform trueks, 

Container or box trucks. 
Skid platforms used with lift trucks, 

Power Operated (Electric Storage Battery or Gasoline). 
Platform trueks. 

Low-lift trucks. 


ift trucks. 
Crane trucks, Tre, 21.—Hand- 
Specinl-purpose trucks. operated lift truck 
Skid platforms for lift tracks, in which lift is 
‘Tractors. accomplished by 
Trailers for tractors. movement of truck 


Ц handle or tongue. 
These types of equipment may be defined as follows: 


Hand-operated lift trucks (Fig. 21) are low platforms mounted on wheels 
and propelled by the operator, who pulls on the handle provided for that 
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purpose. These trucks are provided with а hand-operated lifting mechanism, 
by means of which the platform can be elevated а few inches. The purpose 
of this is that the truck can be pushed beneath a load standing oti low legs 
and these legs then raised from the floor by 
raising the truck platform under the load. 
‘Thereupon the load rests on the truck platform 
and is moved by moving the truck. The for- 
ward wheels of the truck are mounted on a pivot 
to facilitate steering. 

Hand-operated platform trucks consist 
of platforms mounted upon wheels of suitable Fro. 22.—8tandard type of skid 
height and designed to carry a load directly platform. 
upon this platform. ‘The load is placed and 
removed by some outside means, as by hand 
or with a hoist. 

Hand-operated container or box trucks 
are similar to the hand-operated platform 
trucks, with the addition of sides of suitable 
height which convert the platform into a box. 

Skid platforms (Figs. 22, 23, 5, and 
26), for use with hand-operated lift trucks, 
consist of platforms mounted upon supports. 
‘These supports are of suitable height so that a Skid platform with 
lift-truok may be inserted between the platform corner stakes. 
and the floor, and, when the lift is operated, 
the platform is raised so that it may be carried 
along on the truck. Loads are placed upon the 
platform, which may be provided with sides 
as needed. Tf these platforms are supplied with 
wheels in place of skid supports, they may be 
moved by hand and are more suitable to 
installations where flexibility of storage is 
needed. It is usual to store loads upon skid 
platforms in plants where the trucking system. 
is employed, thus avoiding rehandling. In Fra, 24,—Sectional box or bin 
some cases, loads are shipped on skids by rail body on skid platform, 
or boat, from one plant to another, to facilitate 
loading and unloading and reduce handling. 

Power-operated trucks (Figs. 27, 28, and 
29), similar in purpose to hand-operated trucks, 
are operated by electric motors, supplied from 
storage batteries, or by gasoline motors. These 
trucks are available in а platform truck, a 
low-lift truck for handling skid platforms, a 
high-lift truck for raising loads to storage or 
working level, crane trucks equipped with а 
crane for raising loads and somewhat similar in 
purpose to à locomotive crane, and many types 
of special-purpose trucks, designed to suit 
the needs of specific jobs, such as charging furnaces, lifting large newsprint 
rolls, or casting metal. 

Skid platforms for power-lift trucks are similar to those deseribed for 
hand-lift trucks, except as to dimensions which are sometimes different. 


lat-type body 
mounted on skid platform, 
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Tractors (Fig. 30) are storage-battery electric or gasoline motor-driven 
trucks, designed {ог the purpose of pulling one or more loaded trailers 
(Fig. 31). These trailers are similar to hand-operated 
platform trucks but are arranged to be connected in 
trains, and axles are attached to the body in a manner 
permitting the trailers to follow in the track oí the 
tractor. These trailers may have platform bodies or 
be equipped with whatever type of box body is 
desired. 


4. Industrial Railways 
Industrial railways are narrow-gage railways with 
suitable car equipment, propelled by hand, electric 
motor, gasoline engine, or steam engine. Short, lines Ела. 26. 
of narrow-gage track with specially designed cars are body mounted on skid 
frequently used for charging or discharging process platform. 
equipment. 


Selection of Equipment. 


Selection of materials-handling equipment depends upon two things, cost 
and the work to be done. 

Cost of handling is divided 
into fixed charges and oper- 
ating cost. Not much infor- 
mation is available on this 
subject. Cost and cost esti- 
mates will be discussed at some 
length at the conclusion of the 
more spec cussion of 
type selection. 

Preliminary estimates for 
materials-handling equipment Fic. 27,—Electrie storage-buttery industrial truck 
should be based on a selection. of platform type. 
made in accordance with the work to be done. Before purchase of equip- 
ment is made, this choice should be reviewed by a competent consult- 


ing engineer or by the engineer of the company that is to supply the equipment 
and final estimates and selection made in the light of his recommendations. 
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The first step in selection of materials-handling equipment, therefore, 
isto Study the work to be done. From this study the following things 
are determined: 
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1. The movement to be made, 
whether horizontal, vertical, or a 
combination of the two; and the 
distance covered. 

2. The quantity to be moved 
рег hour, per Чау, ог for any other 
convenient unit of time, in weight, 
number of pieces (if this factor 
applies), or volume (where that is 
of importance). 

3. How the material is to be de- 
liyered. toithe handling equipment. 

4. How the material is to be 
discharged by the handling equip- 
ment. 

5. Whether continuous or inter 
mittent flow is possible, including. 
whether the use of storage is 
available as an aid to obtaining 
either type of flow. 
Whether or not the material is in а container s 
7. Nature of m ав pulverized, lump. etc. 
ditions of material, 
or fiam- 


tic storage-battery high-lift indus- 
trial truck for handling skid platforms, unloading 
and loading, and storing containers. 


id if во, description of the боран 


as 
mability, 


"There nre many special appli- 
cations of materials-handling equip- 
ment such as when it becomes 
practically a part of production 
equipment, as in the case of an 
annealing lehr with a conv 
hearth. These cannot be discuss- 
ed, ав to selection, in any general 
consideration of the subject. In 
any case, such equipment is usually 
selected by the manufacturer of the 
production equipment. 

Most materials-handling install- 
ations in the chemical engineering 
industries fall into certain dofinite groups, and in these groups possible equip- 
ment selections can be indicated that will serve as a guide to the chemical 
engineer, The tables given later on include sufficient examples to enable 
the engineer to apply the same 
principles over a much wider 
range of operations. It is to 
he noted that no account is 
taken in these tables. of the 
effect of special conditions 
such ан high moisture content, corrosiveness, etc, Where these are present 
it is advisable to have the material in containers when possible. Where 
this is not possible resort must be had in general to specially designed 
equipment. Analysis of the handling problem will readily show if this is 


Fro. 30,—Electric storage-battery industrial 


tractor. 


Fie. 81.—Tspical trailer for use with tractors, 
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necessary, and recourse should then be had to the engineering departmeht of a 
manufacturing concern making equipment of the type needed. 


Special Requirements of the Chemical Engineering Field 


Generally speaking, the handling problems encountered in the chemical 
engineering industries are no different from those encountered elsewhere. 
Consequently, the general line of materials-handling equipment as manu- 
factured for, and used by, industry, in general, can be applied in this field. 

Five conditions, however, that are found in some handling operations in 
this field, influence the choice of handling equipment. These аге; 


1, Corrosion hazard from ehemicals or excess moisture. 
Heat damage huzard from hot materials, 

8. Fire or explosion hazards. 

4. Poison hazard: 

8. Sanitary requirements, 


1. Corrosion from chemicals or excess moisture is the most frequently 
encountered special condition.: Itis a hazard most often met where materials 
are handled loose. x. Such corrosion makes the use of conveyors something: to 
be carefully considered, at least when they are constructed of iron or steel and 
are unprotected from attaek. Unden such conditions it is often better to use 
truck equipment for all handling, for in most eases it is simpler to protect the 
trucks from damage. 

In шапу oases, however, the corrosion will not seriously shorten the life 
or affect the usefulness of the conveyor if а certain amount of special construc- 
tion is undertaken to protect the points where the most serious damage would 
result. An example of what is meant is the uso of gravity roller conveyors 
in w plant making bleaching powder. The only serious effect of the attack 
was experienced in the bearings of the rollers. By using.a special type of 
bearing, filled with a lubricant under high pressure, the penetration. of any 
corrosive into the bearings was avoided and satisfactory service obtained 
from the conveyor, 

Another example of special construction to avoid. the effecta of corrosion 
is that.in which freshly quenched materialis handled on an apron conveyor 
equipped, with cast-iron aprons which withstand the effects of the moisture 
better than steel plate. 

In general, the choice of a means of handling material where a corrosion 
hazard exists means that the economie choice lies among three possible 
courses: (a) The cheapest type of equipment may be selected, regardless of 
how seriously it is attacked. |. This will then be replaced as often as necessary, 
incurring high replacement charges to offset low first cost. (b) The usual type 
of handling equipment for the particular class of handling may be constructed 
in such a way or of such materials as to avoid high replacement costs, while 
increasing first costs. (с) The equipment may be protected fully from attack 
by some such means as the use of containers that adequately seal in the 
material, or, if the attack is due to в gas or fume, by the use of protecting 
ixiliary structures and a ventilating sys 
This discussion does not fully cover the manifold possibilities of corrosion 
attack to which materials-handling equipment is exposed in the chemical 
engineering industries. Each handling problem should be analyzed to ascer- 
tain if any corrosion hazard is present, and, if one is discovered, its effect on. 
the choice of equipment should be considered along the lines that have been 
indicated, 
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2. Heat damage hazard from hot materials is usually encountered in 
the handling of furnace or oven products such as coke, clinker, ete. The usual 
expedient for avoiding such damage is to armor the parts coming into contact 
with the heat by the use of cast-iron plates, liners, containers, or other parts, 
Where the heat is too high for safe use of cast iron, а special material should 
be obtained suitable to the condition. 

For handling molten materials, such practice is to use buckets and spouts 
(chutes) lined with refractory for high temperatures, or of cast iron where 
the temperatures are moderate. 

3. Fire and explosion hazards are encountered in the handling of mate- 
rials in certain of the chemical engineering industries. In cases of fire hazard 
alone, it is usually sufficient to provide for the protection of the material 
handled from exposure to flame or sparks. Аз electric equipment or static 
is the usual source of such hazards, the procedure usually followed is to select: 
equipment which can be operated by motors placed in a sealed space or in an 
adjacent room and to provide ground connections that will prevent the 
accumulation of static charges. 

Another type of fire and explosion hazard encountered occurs where flam- 
mable dusts are produced. То avoid trouble in such cases, four courses are 
open: (1) Spaces in which handling is carried out may be ventilated to reduce 
dust concentrations below the danger point; (2) these spaces may be thor- 
oughly screened from any possible spark or flame; (3) the material may be 
handled in an atmosphere too low in oxygen to support combustion; (4) the 
material may be handled in containers that eliminate the scattering of dust, 

Handling of explosives such as gunpowders, dynamite, ete., is a hazard 
restricted to a very few industries. These have made a study of the problem 
for years and have developed methods that avoid the exposure of the material 
to jare, jolts, and other shocks. Да а problem аз special as this type of han- 
dling, nothing should be carried out except under the guidance of an expert of 
long experience in the industry. 

4. Poison hazards encountered in materials-handling work are hazards 
to the operator, not to the equipment. In selecting a handling method where 
poison hazard exists, therefore, the course to follow is to select equipment 
that can be operated from a distance or automatically; or so to enclose the 
material in containers, pipe lines, or by other means that the hazard is avoided. 

5. Sanitary requirements frequently have an effect on the selection 
of materials-handling equipment. In handling food products, or materials 
such as fats, oils, animal or vegetable matter, there is a possibility of the 
accumulation of material in or around the equipment that will ferment or 
spoil, causing a condition that may damage material in process or form a 
health hazard. 

An example of such conditions is found in the dairy industry. Should 
milk be slopped on the materials-handling equipment and allowed to stand 
in erevices of the equipment, a condition is soon developed that is detrimental 
to the product and disagreeable to the workers. Therefore, all equipment is 
thoroughly washed at frequent intervals. This necessitates the use of mois- 
ture-proof bearings. This particular feature has become so important with 
gravity roller conveyors that a standard line of moisture-proof designs is now 
available on the market. 

Another example of the effect of sanitary requirements is found in food- 
packing plants, where overhead equipment or trolley conveyors are pre- 
ferted, in order that the floor may be clear and thoroughly accessible for 
cleaning. 
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Tablei. Large Quantity Handled in Continuous Flow 
Over 100 tons per hour 


Vertical приза | Vett downward | Combine horizontal 


Material Horizontal 
movement | _ movement панна 


handled. movement 


Bulk material _ | Belt conveyors” t elevators | Chutes? Belt conveyors” 
'of lumpy, brol-| Apron or pan сове | V-bueket carniers | V-bucket carriers | Chutes 
fn or crushed | veyors Paeumatie convey- | Pneumatic conveyor 
nature Pheumatic convey- | ors Solids purapa 

ors | Pivotel bucket ear- 
Solis pumps | hers 
| | Унике carriers 

i E саги | мера; 

Balk material _ | Paeumatic convey- | Pneumatic convey- | Chutes" Pneumatic conveyors* 
об бпеу divid- от" | све Pneumatic convey- | alis pumpa 
orplversed| Belt conveyors _ |Budketelevators | org | Chutes 
Tatare Salida pumpa | V-imeket carriers | 

Containers | И | Chutes vty roller convey- 
such as bugs or | veyors® | Belt elevators | Spiral chutes on 
sacks Plaiormonveyore | Tray elevators | Koller spirals Шуе roller conveyors 

Slat conveyors | Belt conveyors 
Belt conveyors | Platform conveyors 
at conveyors 
| Chives 


Containers Slat conveyors* _ | Barrel elevators* Slat conveyors* 
such as borrels | Chain conveyors | Chain elevators Chain conveyors 
‘or drums Platform conveyors Platform conveyors 


Gravity roller con- | Chutes 


Spiral chutes: Chain conveyor 


Chain сову 


Containers — | ors 
such as boxes or} Gravity roller con- | Chain elevators | Package elevators | Gravity roller convey- 
packages veyors Belt elevators | Chutes ors” 

Wheel conveyors | | Roller spirals Belt conveyors 
Push-bar conveyors 
Chutes 


Slat conveyors — | Live roller conveyors 


Pusb-bar со 


Chaln-trolley” con- | Chain elev * [Сыш trolley convey- 
such ww logs, | увуом" it elovalors оз" 
Tires, pulp laps; | Chain ое eable воле | Tray elevators Chain or cable: cous 
large Lumps | veyors veyors 
| Apron or pan cou- Apron or pan convey- 
укукта ars 
| Gravity roller con- Gravity roller eon- 
| | eon 
Belt conveyors Chutes 


* Usual choice, 
Choice of Materials-handling Equipment 

То classify the solutions of handling problems, Tables 1 to 12 are presented, 
showing three general divisions into which all handling problems fall: large 
quantity; medium quantity; small quantity. With these factors, such other 
factors ns type of How, direction of flow, and condition of material are con- 
sidered. ‘The tables present only such choice as might be made to satisfy 
ordinary conditions, wherein no special difficulties are encountered. Note 
that the length of the movement which is to be made has an effect on selection 
and that it is frequently best practice (if long distances are to be covered) 
to use truck equipment or industrial railways. 
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Following Tables. to 12 are other tables giving data as to capacity, horse- 
power, and first cost of frequently used types of materials-handling equip- 
ment. The type most usually selected for а given handling job is indicated 
in Tables 1 to 12 by an asterisk (*). 
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Table 2. Large Quantity Handled in Intermittent Flow 
Over 100 tons per hour 


Combined horizontal 


Material Horizontal! | Vertiéal upward | Vertical downward А 
handled movement momen | movement | seis movement 
Balle material _ | Drag-fine serapets* | Skip haiata* Chutes* "Traveling eranea* 
‘of lumpy, brok-| Industrial railways*| Platform elevators отет) 
en ое crushed | Tractors and trailers| Monorail trolleys 
Tatare Traveling cranes ‘motor driven) 
Monorail trolleys Locomotive cranea 


(motor driven) | 


Bulk material | Industrial ratlways*) Skip hoista* Chutes” Traveling cranes* 
of finely divid- | Tractors and trail- | Platform elevators (power) 
ed or pulveris- | еге" Monorail troll 
ed nature Monorail trolleys (motor driven) 

(motor driven) 

Containers | Tractors and trail- | Drum hoista” Chutes” Tray 
‘uch as bags ог | ers* | Platform elevators | Platform elevators (power) 
вайа Industrial railways | Stationary cranes | Drum hoista Monorail trolley 


(motor driven) 


‘Traveling eranes 
Monorail trolleys 
(motor driv 


| Monorail trolleys” 


Containers Tractors and trail- | Platform elevators* 
such за barrels | em* | Stationary cranes. | Drun (motor driven) 
or drums Industrial railways | Drum hoista Stationary crues. | Traveling cranca 

(power) 

Containers Tragtors and vil | Platform elevator | Chutes" Monorail trolleys" 
such as boxes ог Stationary cranes | Platform elevators | (motor driven) 
packages Industrial railways | Drum hoista Drum hoists ‘Traveling cranes 

Travel Stationary cranes | (power) 
Monorail trolle 
(motor driven] 

Pieces Monorail trolleys* | Platform elevatora® | Chiutes® Monorail trolley* 
‘such as Тот, | (motor driven) _ | Stationary cranes | Platform elevators | (motor driven 
tires, pulp laps, | Tractors and trail- | Drum hoista Traveling cranes 
large lumps | ез" (power) 

Industrial railways Locomotive cranes 


| Traveling eranes 


* Usual choice. 


Equipment Data and Costs 

Cost data given in the tables and text of this section were first, assembled 
and checked in 1934. From that time until the present revision (1940) 
price changes have been small and not enough to require revision when used 
only for preliminary estimates. Naturally, before any construction work is 
contracted for or carried out, the engineer will procure a firm figure of cost 
from a conveyor manufacturer, to serve ss basis for final cost estimates and 
actual appropriations, 

Belt Conveyors (see pp. 2197 and 2202), Table 13 gives general in- 
formation that will assist in the selection of belt conveyors for preliminary 
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estimating purposes, The table does not fully cover the subject, but suggesta 
the ranges of belt sizes, speeds, capacities, and size of material handled. 


Table 3. Large Quantity Handled; Intermittent Demand with 


Storage to Give Continuous Flow Effect. 
Over 100 tons per hour 


Combined horisontal 
and 
vertical movement 


Material Horizontal ` | Vertical upward | Vertical downward 
Bundled |^ "movement. ^| ^ movement movement 


Bulk material | Belteouveyoes* T | Bueketelévatore* | Chutes? Belt conveyors" 
of lumpy, broken| Pneumatic convey- | V-bueket carriers: ' | V-bucket carr Pocumutic conveyors 
ог. crushed nae | ors Pueumatie convey- Solids pumps 
ture | Solids pumps ors Chutes 
Apron ос pan con- | Vebucket carriers 
Pivoted bucket ear- 
ог drag сот.) riers 


Pneumatic convey- | Pneumatic convey- | Chul Pneumatic conveyors" 
of finely divided | ore" ont Vebueket carriers | Solids pumps 

or pulverized na-| Belt conveyors | Bucket elevators | Chutes 

ture Flight conveyors | V-buckot carriers 


80а pumps | 


Containers Gravity roller | Chain elevators | Chutes" ity roller 

such as bags or | conveyors | Belt elevators | Spiral chutes | conveyors” 

saeka Belt conveyors | Tray elevators -` | Roller spirals | Live roller conveyors 
Platform conveyors | Belt conveyors 


Platform conveyors 
Slat conveyors 
Chutes 


Stat conves 


Containers Blat conveyors* | Barrel elevator? | Burrel elevators® | Slat conveyors* 

such ва barrels | Chaimeonveyors f Chain elevators. | Chain elevators | Chain conveyors 

or drums Platform conveyors Rollor spirals | Platform conveyors 
Gravity roller con- Chutes Chutes 


veyors 


— [Chuain convsyors* | Package elevators” | Spiral chutes* 
nuch ad boxes or | Gravity roller con- | Chain elevators | Chutes 


tyors* 
roller oone 


packages veyors" | Belt elevators | Roller spirals уо" 
Belt conveyors | Package elevators - | Belt conveyors 
Platform conveyors Push-bar conveyors 
Bist conveyors Chutes 
Pash-bar ` convey- 
Wheel conveyors 
Pieces Chalo trolleys" | Chain elevators” | Spiral chutes ~ | Chain trolleys” 
ich as logs, | Chain or cable con- | Belt elevators | Chutes | Chain or cable con- 
tires, pulp laps, | veyors* ‘Tray elevators veyn" 
lasgolumpe — | Apron or pan con- Apron or рап con- 
Voors veyors 
Gravity roller con- Gravity roller convey- 
veyors ors 
Chutes 


* Usual choice. 


Capacities given assume uniform loading with feeder. Extra width should 
be provided for peak loads... Speeds should be goyerned by size of material, 
method of loading, incline of conveyor, if any, and other affecting factors. 


Horsepower 


KL 
= A Ys 


Table 4. Large Quantity Handled; 
Storage to Give Intermittent Flow Effect 
Over 100 tons per hour 
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Continuous 


Horsepower required to drive the belt, taking into consideration the weight 
of the belt, is figured from the following formula (Link- 


SB TH 
) + ЕР 


Belt Company): 


where К is a power constant from Table 14; L is length of conveyor (between 
pulley centers) in feet; T is tons per hour of material; S is speed of belt in feet 
per minute; B is weight of belt in pounds per foot, from Table 15; H is rise 


Demand with 


Traveling cranes 


Memorall койгун 
(motor driven) 


Stationary cranes 


Materlal Horizontal Vertical upward | Vertical downward | Combined horizontal 
handled movement movement movement ео vomont 
Bulk material | Drageline serapers* | Skip holste* Chutes” Traveling сталее 
at hanpy token} добом тайуу" Platform elevators wer) 
or crushed nar | Tractors and traii- fonora] trolleys 
ture em (motor driven) 
Traveling cranes Locomotive cranes 
Monorail trolleys 
(motor driven) 
Bulk material | Tractors and trail- | Skip holsta* Све Traveling cranes” 
of finely divid- | ers" Platform elevators pore) 
‘ed or pulverized | Industrial rallwaya*] Monorail trolley 
rature Monorail trdleys (motor driven) 
(motor driven) 
Containere Tractors and trall- | Platform elevatora* | Chutes” "Travellug cranes* 
ruch a bags or Btatlonary cranes | Platform elevators | (power) 
ка Аяба! railways | Drum hoists Drum hoistr Monorail trolleys 
E Stationary cranes | (motor driven) 
arai 
actor dives 
Containers ‘Tractors and trail- | Platform elevators” | Platform elevatore* | Monorail troll 
much ая barrels | ora Stationary cranes | Drum hoista (тоот driven) 
or drums Industrial railways | Drum hoista Stationary cranes | ‘Traveling crancs 
(power) 
Contalners ‘Tractors and trail- | Platform elevators* | Chutes* Monorail troll 
such as boxes ог | ers* Stationary cranes | Platform elevators | (motor driven 
packages Industrial railways | Drum Боа Drum hoists ‘Traveling стапе 


(power) 


Pieces Monorail trolleys* 
such ав logs, | (motor driven) 
tires, pulp laps, | Tractors and trail- 


ers" 
Industrial rallways 
‘Traveling cranes 


Platform elevators”. 
Stationary cranes. 
Drum hoists 


Chutes* 
Platform elevators 


Monorail trolleys’ 
(motor drives 
seeing canes 
(power) 
Locomotive cranes 


* Usual choice. 


from Table 14. 


of belt in feet (if belt is inclined); P is the horsepower for tripper (if used) 
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То the preceding calculation add: 

1. For horsepower consumed by the terminals (head and foot shafts only), 
20 per cent for conveyors under 50-ft. centers; 10 per cent for conveyors under 
100-ft. centers; 5 per cent for conveyors under 150-ft. centers. 

2. For horsepower consumed by eountershaft drives, 10 per cent of total 
for each speed reduction through cast tooth gears, or 5 per cent of total for 
each speed reduction through cut gear: 

Table 5. Medium Quantity Handled in Continuous Flow 
10 to 100 tons per hour 


Combined horizontal 
and 
vertical movement 


Material Horizontal Vertical upward | Vertical downward 
handled movement movement movement — | 


Bulk materials | Belt conveyors* | Bucket elevators | Chutes* ‘Belt conveyors* 
oflumpy, broken] Apron or pan con- Chutes 
ог crushed ma-| veyors Flight conveyors 
ture Drag chain convey- Apron or pan 
ога veyors 
Redler conveyors V-bucket carriers. 
Johns conveyors Piyoted bucket car- 
Vibrating conveyors riers 


Redler conveyors 
Johns conveyors 


| Vibrating conveyors 


Bulk material | Solids pumpa* | Pneumatic convey- | Chutes* Solids pumps* 

of finely divided | Pneumatic convey- | ors* Pneumatic совуву- | Pneumatic conveyors* 

or pulverized тш ors* Bucket elevators | ors Chutes 

ture Belt conveyors Serew conveyors 
Scraper conveyors Flight conveyors 
Flight conveyors eer conveyors 
Berew conveyors Johns conveyors 
Redler conveyors Vibrating conveyors 


Johns conveyors 
Vibrating conveyors 


Containers | Belt conveyors* | Ga elevators” | Chutes* Balt conveyors” 
‘uch as bags ог | Gravity roller con- | Belt elevators | Spiral chutes Gravity roller convey- 
cles yeyoni* "yes Оа аца ors” 

Chain trolleys Live roller conveyors 


Chutes 


Cont Chain conveyors" | Barrel elevators | Barrel elevators* | Chain conveyor" 
auch as i barrels | Gravity roller coni- | Chain elevators | Chain elevators | Chutes 
or drums veyors Roller spirals 

Chutes 


'ontainers Chain conveyors" | Package elevators* | Spiral chutes* | Gravity roller convey- 
such as boxes or | Gravity roller con- | Chain elevators | Package elevators | ors” 
packages үеуогз* Belt elevators | Chutes Chain couveyora* 
Chain trolleys Roller spirals Belt conveyors 
Belt conveyors Chain trolleys 
Wheel conveyors. Push-bar conveyors 
Chutes 
— — | 
Pieces Chain treleys* | Chain elevators” | Spiral chutes* | Chain trolleys? 
such as logs | Chain or cable con- | Belt elevators | Chutes Chain or cable con- 
tires, pulp laps, | veyors* Tray elevators eyo" 
large lumpe ` | Belt conveyors Pan convey ora 
Gravity roller con- Gravity roller convey- 
veyors ors 
Chutes 


* Usual choice, 
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List prices and weights for standard, three-roll, antifriction troughing idlers 
in unit stands, with return for conveyor belt, are given in Table 16. There 
are idlers available at higher and lower prices than given in the table, depend- 
ing on design and purpose. Those given will serve as a guide in estimating, 
when used with Table 17, giving spacing of idlers, 
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Table 6. Medium Quantity Handled in Intermittent Flow 
10 to 100 tons per hour 


Combined horizontal 


Material Horizontal Vertical upward | Vertical downward. ant 
bandied movement movement мии О 
E ET | | 
Bulk material _ | Monorail trolleys" | Skip hoists" | Platform elevatore” | Monorail trolleye* 
‘oflumpy, broken| (motor driven) | Platform elevators | Drum Вова (motor driven) 
fr erushed nar Tractors and trail- | Drum hoists ‘Traveling cranes 
fare ere (Gower) 
Tower trucks with 
skids 
Bulk material | Power trucks with | Platform clevators* | Platform clevators* | Monorail trolleys” 
of finely divided | skids* Skip Вова Drum hoists у 
or pulverized na- "Tractors and trail- | Drum hoista fing cranca 
ture 


ers 
Monorail trolle 
(motor driven) 


| 
Containern | Power trucks with | Drum hoists" | Deum ама“ | Monorail trolley 
such за bags or | skida” Platform elevators | Chain hoists (motor driven 
tacks ‘Tractors and trail | Stationary cranes. | (power) ‘Traveling огмив | 
сте Chain hola Platform elevators | (power) | 
Platform trucks | (power) Stationary eranen | 
(power) 
Conan | Power, trucks with | Platform elevators” | Platform clevatora® | Monorail trolleys* 
auch as barreli | skilse Drum hoista Drum hoista (motor driven) 
or drums ‘Tractors and trall- | Stationary cranes | Stationary trames. | Traveling oranes 
ons” Chain hoista Chain hosta (power) 
Tito trucks | (power) (power) 
(power) 
Containers | Power. trucks with | Platform elevators*| Platform elevators* | Monorail trolleys" 
восі as boxes or | &kida* Drum hoists | Drum hoista (motor driven) 
Packages ‘Tractors and trail- | Stationary cranes | Stationary crancs | Traveling cranes 
em ain hoista | Chain haista. (power) 
Piatform ida | (power) (power) 
(power) | 
Pieces Power trucks with | Chain боја“ | Chain Һана" | Monorail trolleys" 
Wh as loga, | sles (power) рота) (motor driven) 
tires, pulp lape, | "Tractors and trall- | Platform elevators | Platform elevators | Traveling cranes. | 
агас lumpa | ers” Drum hoista | Drum hoists (power) 
Pos trucks | Stationary cranes | Stationary aes 
power! 


Monorail trolleys 
(motor driven) 


* Usual choice, 


In estimating belt conveyor costs, allowance should also be made for head 
and foot pulleys, take-up, and drive. Where trippers, unloaders, and feeders 
are used, these also should be included. 

Bucket Elevators. In Table 18 are given the speed, horsepower, and 
sapacity of centrifugal-discharge bucket elevators with malleable-iron buckets 
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Table 7. Medium Quantity Handled; Intermittent Demand with 
Storage to Give Continuous Flow Effect 
10 to 100 tons per hour 


| | Combined horizontal 


Material Horizontal | Vertical upward | Vertical downward a 
handled movement movement movement — | тынеш emen 
Hulk material | Belt conveyors” . | Bucket elevators* | Chutes” | Bett Conveyors 
of Jumpy, bro- | Apron or pan con- Chutes 


| Flight conveyors 


ken or erushed 
Apron or рап con- 


mature 


| xeyors 
| Redler conveyors Y-bucket varriers 
| Johns conveyors Pivoted bucket care 
Vibrating conveyors riers 
| Redler conveyors 


| Johns conveyors 
| Vibrating conveyors 


Bulk material of | Pneumatic convey- | Pneumatic convey- | Chul Solids pumpa 

finely divided or | ors" | от" Pneumatic convey | Pneumatic conveyors* 

pulyerised | Solids pumpe” | Bucket elevators | ors Chutes 

mature Belt conveyors Зете conveyors 
Boraper com Flight conveyors 
Flight conveyors Redler conveyors 
Ботою conveyors Johns convey rs 


Redler conveyors Vibrating conveyors 
Johns conveyors 
Vibrating conveyars| 


Containers | Belt conveyors* — | Chain elevators" | Chutes” [Belt convayora® 
‘such as bags or | Gravity roller con- | Belt elevators | Spiral chutes | Gravity roller con- 
sacks уеуогз* Tray elevators Roller spirals | veyors 

Chain trolleys | Live roller conveyors 


| Chute 


Containers | Chain convayars* elevators’ Chain conveyors’ 
жш! дө barrels | Gravity roller con- vators Chuten 
or druma veyors Roller spirals | 
| Chutes | 
Containers. ain conveyors Spiral chutes" ~ | Chain conveyors? 
modb boxes or | Gravity role соп- | Belt elevators || Package elevators | Gravity. roler. con- 
packages veyors* Chain elevators | Roller spirals | veyors* 
Belt conveyors Chutes Boi conveyors 
Chain trolleys | Push-bar conveyors 
Wheel conveyors | 
Тема [Chain trolleys” — | Chain elevators” | Spiral chutes* — | Chain trolleys” 
such as logs, | Chain or cable coi- | Belt elevators * | Chutes Chain or cable con- 
tires, pulp laps, | veyo ‘Tray elevators Neon 
large lumpa | Belt conveyors | Pan conveyura. 
Gravity roller con- | Gravity roller con- 
veyors увуо 
| | Chutes 


* Usunl. choice. 
spaced on single-strand ehain and enclosed in steel casings. These are a 
commonly uaed type of elevator. 

Horsepower of bucket elevators may be figured from the equations 


HT 
Horsepower = 506 
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for spaced buckets and digging boots, and 


Horsepower = HI 
БУ 


for continuous buckets with loading leg. Here H is the center-to-center dis- 
tance in feet and Т is in tons per hour. 

Cast-iron elevator boots vary in list price from $60 to $180 for the range of 
sizes given in Table 18, while steel boots vary from $110 to $230. Buckets 
of standard weight range from $0.35 to $1.35 for these sizes. 


Table 8. Medium Quantity Handled; Continuous Demand with 


Storage to Give Intermittent Flow Effect 
10 to 100 tons per hour 


Material Horizontal Vertical upward | Vertical downward. Чи! а 
handled movement movement movement — | тыр rement: 
Bulk material — | Monorail trolleys* | Skip hoists* Platform elevatora* | Monorall trolleya* 
of lumpy, bro-| (power) Platform elevators | Drum hoists (power) О 
ken, or crushed | Tractors and trail- | Drum hoists "Traveling cranes. 
nature ers (power) 
Power trucks with 
skids 
Bulk material | Power trucks with | Platform elevators* | Platform elevators” | Monorail trolleys” 
of finely divided | akida* 4, | Skip hoista Drum hoista роте) 
or — pulverized | Tractors and trail | Drum holsta ‘raveling cranes 
nature era (power) 
Monorail trolleys 
(power) 
Containers Power trucks with | Drum hoista* Drum holsts® | Monorail trolleys" 
such as bags ог | skids* Platform elevators | Platform elevators | (pos 
sacks "Tractors and trail- | Stationary cranes | Stationary cranes | Traveling cranes 
ers Chain holsta. Chain hoista (power) 
Platform trucks. (power) (power) 
(power) 
Containers. Power trucks with | Platform elevators* | Platform elevatora* | Monorail trolleya* 
such as barrels | skids* Drum hoista Drum hoists (power) 
or drama Tractors and Stationary cranes | Stationary cranes | Traveling cranes 
trailers* ‘Chain hoists Chain hoists (power) 
Platform trucks (power) (power) 
(power) 
Containers Power, trucks with | Platform elevators*| Platform elevators” | Monorail tolleys* 
such аз boxes or | skidse Drum hoista. Drum hoists (power) 
packages Tractors and Stationary cranes | Stationary cranes | Traveling cranes 
trailers* Chain hoists Chain holsta. (power) 
Platform trucks. (power) (power) 
(power) 
Pieces. Power trucks with | Chain hoists* Chain hoists* Monorail trolleys" 
such ая loga, | вади" power) (power) (power) 
tires, pulp ара, | Tractor: Platform elevators | Platform elevators | Traveling cranes 
large lumpa trailers’ Drum hoists Drum hoists (power) 
Platform tracks Stationary cranes | Stationary cranes 
рот) 
fonorail trolleys 
(power) 
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An elevator with 6- by 4-in. buckets, 30 ft. from center to center; complete 
with boot and head, including drive gears and pulleys, will list at $350, with 
$4 added for each extra foot in length when no casing is included and buckets 
are mounted on rubber belting in place of chain, The same type of elevator, 
but with 16- by 8-їп. buckets, will list at $1,100. These figures will indicate 
the range in first cost for such equipment, 

Cost of driving equipment can be estimated from horsepower requirements. 


Table 9. Small Quantity Handled in Continuous Flow 
Up to 10 tons per hour 


Material Horizontal Vertical upward | Vertical downward | Combined horizontal 
handled movement movement movement = 
vertical movement 
| ] | 
Bulk material | Belt conveyors” | Bucket elevators | Chutes* Belt conveyors 
‘of lumpy, broken | Drag chain convey- Chutes 
or crushed | ors Redler conveyors 
nature Scraper conveyors Jobna conveyors 
Redler conveyors Vibrating conveyors 
| Johns conveyors 
Vibrating convey 
| Bulk material Chutes" | Belt conveyors” 
| of finely divided | Pneumatic convey- Pneumatic couvey- | Chutes 
pulverized | ors ors Pneumatic conveyors 
mature Solids pumps Solids pumps 
Кейт conveyors Redler conveyors 
Johns conveyors Johns conveyors 
Vibratin Vibrating conveyors 
Containers. Chain elevators* | Chutes“ Belt conveyors* 
ти as bags or | Gravity roller con- | Belt elevators | Spiral chutes Gravity roller convey- 
racks veyors* оте 
Chutes 
Containers Chain coi Chain elevators* | Chutes* | Chain сопувуога“ 
ich as barrels | Gravity roller con- Chutes 
or drums чуо | Gravity roll con- 
усуота 
Containers. Gravity roller con- | Chain elevators* | Spiral chutes* | Gravity roller соъ 
ith ак boxes or | veyors Belt elevators | Chutes veyors* 
packages Bolt conveyors Belt conveyors 
Chain trolley Chain conveyors 
Wheel conveyors Chain trolleys 


Pree ‘Chain or cable con- | Chain elevators" 
mih аш Togs, | veyors* Belt elevators 
tires, pulp laps, | Chain trolles | 


E Chain or cable con- 
veyors* 
Chain trolleys* 


large lumpe | Gravity roller con- Balt conveyors 
| veyore mtes 
Beli conveyors Gravity roller çonvey- 
ors 


* Usual choice. 


Chain Conveyors. Whether of ihe type that runs under the load, such 
as log conveyors, or of the type that runs in guides with attachments to carry 
the load, chain conveyors consist of an appropriate type of chain, with sprock- 
ets, attachments, guides, and supports. Table 19 gives data for a style of 
chain used for roller-chain conveyors where the load is supported on attach- 
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Up to 10 tons per hour 


ments, These attachments vary in price from $3 to $6 per ft., assembled in 


Data for chain used for directly supporting the load’ do not differ much 
from the above, except that such chain usually has a higher wor! 


Table 10. Small Quantity Handled in Intermittent Flow 


i strength, 


Combined horlzontal 


Platform trucks 
hand or power) 
Monorail Coley. 


(band) 


Motertal Horisontal Vertical üpward | Vertiaal downward Ча 
handled movement movement | |) 1 movement НЕЕ 
| | 
Bulk material | Hand tucks with elevators" Platform elevators* | Monorail trolleys* 
of lumpy, broken kida” | table) | (portable) (hand) 
or erushed Power trucks with | Drum hoists Drum hoista Traveling cranes 
nature skidse (hand) 


Bulk material | Powor trucks with 
of finely divided | s 
ог pulverised | Hand trucks with 


nature. skida” 
Platform trucka 

(hand or power) 

Monorail trolleys 


Platform elevators" 
(portable) 
Drum hoista 


Platform, 
portable 
Drum hoists 


valor 


Monorail trolleys* 
(hand) 
"тубш cranes 
(band) 


Platform tracka 
(hand or power) 
Monorail trolleys 


(portable) 


(portable) 


(hand) 

Containers Power trucks with | Chain hoists* in holsta* Monorail trolleys 

such as bags or | skids” (power or hand) | (power or haid) | (hand) 

sacks Hand trucks with | Drum hoista Drum hoista Traveling cranes. 
skis” Platform elevators | Platform elevators | (haud) 


(portable) 


(portable) 


(hand) 
Contalnera Power trucks with | Chain heísta* Chain hoista* Monorail trolleys” 
buch as barréls| кіда" . | (bower or hand) | (power or hand) | (hand) 
or druma Hand trucks with | Drum hoists Drum hoists Traveling cranes 
skids* Platform cleyators | Platform elevators | (hund) 


Platform trucks 

(hand pr power) 

Monorail trolleys 
(hand) | 


ја 


latform elevators" 

(portable) 

Dram hoists 
hain hoists 

(power or hand) 


| Platform elevators* 
(portable) 


(power or hand) 


Monorail trolleys” 
(hund) 
Traveling cranes 


(band) 


Power trucks. with | 
ваше 
Hand trucks with| 


skids* | 
Platform trucks 
(hand or power) 


‘Monorail trolleys 
(band) 


Chain hoists* 
(power or hand) 
Drum hoists 
Platform elevators 
(portable) 


| Chain вов" 

| (power or band) 
Drum hoists 

Platform elevators 

(portable) 


Monorail trolleys” 
(hand) 
‘Traveling cranes. 


(haud) 
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List, prices of cast-iron sprocket wheels for these chains vary from about $7 
for а б-їп. pitch diameter to about $85 for а 58-in. pitch diameter, Drive 
And supports must also be included in any estimate. 

Chain Trolley Conveyors. Chain trolley data are similar to those for 
chain conveyors. The lighter, less expensive chains used are balanced in сове 
by the greater expense of attachments, including the trolley hangers and 
Tollers, Table 20 gives size and loading data on these trolleys, 


Table 11, Small Quantity Handled; Intermittent Demand with 
Storage to Give Continuous Flow Effect 
Up to 10 tons ver hour 


l Conibined horisontas 
Vertical downward | Combined 
vertical movement 


Material Horizontal Vertical upward 
handled movement, ‘movement movement 
= | | | 


Bulk material | Belt convayors* ^ |Bucketelevators* | Chutes* Belt conveyora* 
Jumpy, broken| Drug chain convey- Chutes 
Dt crushed na- | ors Tedler conveyors 
ture Seraper conveyors Johns conveyors 
aller conveyors. | Vibrating conveyors 
Johns conveyors | 
Vibrating conveyors| 
Bulk material | Belt conyeyors* | Bucket elevators” | Chutes* Belt conveyors" 
Of finely divided | Pneumatic convey- | Pneumatic convey- | Pneumatic convey- | Chutes 
or pulverized | ors оз оз Pneumatic conveyors 
nature Solids pumps Solids pumps 
Redler conveyors Redler conveyor 
Johns conveyors Johns conveyors 
x Vibrating conveyors) Vibrating conveyors 
Containers Belt conveyors* _ | Chain elevators’ | Chutes Belt conveyors 
‘uch us bags or | Gravity roller con- | Belt elevators | Spiral chutes Gravity roller convoy- 
Picks weyors* ors? 
Chutes 
Chain conveyors* Chain conveyors” 
els | Gravity roller е Chutes 
Yeyors Gravity roller con- 
voyors 
‘ontainers Gravity, roller con- | Chain elevators” | Spiral chutes* (Gravity, roller con- 
Such ал boxes or | veyors* Belt elevators | Chutes veyors* 
Packages Belt conveyors | Chain trolleys 
Chain trolle; Belt conveyors 
Wheel conveyors | Chain conveyors 
| Chutes 
Chain or cable con- | Chain elevators* Î Spiral chutes® | Chain ог cable oon- 
Th an log, | veyors" Belt elevators mites Yoyors* 
dires, pulp laps, | Chain trolleys* Chain trolleys” 
ras lampe ` Belt conveyors Balt conveyors 
Gravity roller con- Chutes 
veyors Gravity roller con 
eyors 
* Usual choice, 


Apron, Pan, Slat, and Platform Conveyors. List prices of these con- 
Veyors are determined as are those of any other chain conveyor, as these 
Conveyors are single- or double-strand chain conveyors with the pans, aprons, 
Slats, or platforms serving as attachments. 
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The horsepower required to drive such а conveyor is given approximately 
by the following formula, which does not take into account losses due to 
friction and other factors that result in a higher horsepower requirement. 


Table 12, Small Quantity Handled; Continuous Demand with | 


Storage to Give Intermittent Flow Effect 
Up to 10 tons per hour 
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маена! Horlsontal | Vertical upward | Vertical downward | Combined horizontal 


aud 
handled movement movement movement, vertical movement | 


Bolk material. Power trucks with | Platform elevators? | Piatform elevator | Monorail trolleys" 
‘of lumpy, brok- | skids* (portable) (portable) (hand) 


en, ог crushed | Hand trucks with | Drum holsta Drum hoista "Traveling cranes 
nature skids” (band) 

Platform trucks 

(hand or power) 

Monorail trolleys ‘ 

(band) 
Bulk material | Power trucks with [Platform elevators" | Platform elevators* | Monorail trolleys" 
of finely divided | skide* (portable) (portable) (band) 
or" pulverized | Hand trucks with| Drum hoist Drum bosta ‘Traveling cranes 
nature skids” (band) 

мола inda. 

ог power 

Monorail e 

(band) 
Containers Power trucks with | Chain вама" | Chain holsts® | Monorail trollcye* 
much ав bags or | skids* (power or hand) | (power or hand) | (hand) 
воска Hand trucks with | Drum hoista Drum hoists "Traveling cranes 

skida” Platform, elevators | Platform elevators | (hand) 


Platform trucks | (portable) (portable) 
hand or power) 
fonorail trolleys 


(hand) 

Containers Power trucks with | Chain hoists* [Chain boists* Monorail trolleyn® 

much ав barrels | skids” ‚| (Power or band) | (power or band) | (hand) 

or drums Hand trucks with | Drum hoists Drum hoista "Traveling oranes 
skdds* Platform elevators | Platform elevators | (hand) 
Platform trucks | (portable) (portable) 


{itd or power) 
lonorail trolleys 


(band) 

Containers Power trucks with | Platform elevatora* | Platform elerntora* | Monorail trolley 

‘such as boxes or | skids* (portable) | (hand) 

packages Hand trucks with Drum hoists | Traveling cranes 
skids* Chain hoists (hand) 


Platform tru (power or hand) | (power or hand) 
afin or power | 
fonorail trolleys 


(hand) 
Pieces Power, trucks with | Chain hoista® | Chain haista” Monorail trotleye® | 
euch as logs, | skids* (power or hand) | (power or hand) | (hand) 
tires, pulp Јаре, | Hand trucks with | Drum hoists Drum hoista Traveling cranes | 
large lumpa | вади" Platform elevators | Platform elevators | (hand) 

Platform trucks | (portable) (portable) 

(hand or power) 

‘Monorail trolleys 

(band) 


* Usual choice. 
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Note, in figuring loads, that the formula is for horsepower of the head shaft, 
80 that weight of conveyor as well as of material should be taken. Also note 
that inclined conveyors of this type will require more horsepower for a given 
load than horizontal conveyors. 
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load in pounds X speed in feet per minute 
38,000 
Capacities for various widths of apron or pan conveyors are given in Table 


21. This table is based on the assumption that the conveyor is uniformly 
loaded to 75 per cent of the maximum cross section (net width of carrying 


Horsepower = 


Table 13, Belt Conveyors; Capacities, Speeds, and Sizes of Pieces 
Link-Belt Company 


Maxi- | Medium віле 
Croes, | Cu ft- | „Capacities In tone per hr, at | mum | of materia la. 

Belt pl: ae per №. рег. at weight рег | advis- 

ун Um ~“ ge, au feof materal ot | ме 

ы EN m 
d L| ver speed, | 80% | 20% 
oat | min, ft per | under Inotover 

Min. Max. 501b. | 751b. | 100 Ib, | 150 Ib. in. 
2 3 4 | 0.084 504 | 12,6 | 18.9 52| 37.8 | 300 14 2 
14 3 5 [0.114 686| 17.1 | 25.6 | 34.3| 51.3 | 300 2 3 
16 |3 5 |0149) 8%| 22:4 | 33.6 | 448| 672| 30 | 24| 4 
18 4 6 |0.189 | 1,134] 28.3 | 42.5 | 50.7 | 84,9 | 350 3 5 
20 4 6 | 0.233 | 1.400) 35,0 | 52.5| 70.0 | 105.0 | 350 34 $ 
24 4 6 | 0.336 | 2016| 50.4 | 75.6 | 100.8 | 151.2 | 400 A 8 
] 3» 5 7 | 0.525 | 3,150) 78.7 | 118.1 | 157.5 | 236.2 | 500 7 12 
36 6 B [0.751 | 4,536) 113.4 | 170.1 | 226.8 | 340.2 | 600 8 16 
4 6 9 | 1.029 | 6,174) 154.3 | 231.5 | 308.7 | 463.0 | 600 10 E] 
^ 6 10 | 1.333 | 8,064 | 201.6 | 302.4 | 402.2 | 604.8 | 600 12 24 
я | 8 11 | 1:70 | 10.206 | 255.1 | 382.6 | 510.2 | 765.3 | 600 | 13 26 
60 8 12 | 2.100 | 12,600 | 315.0 | 472.5 | 630.0 | 945.0 | 600 14 28 


Table 14. Tripper Horsepower and Constants for Belt-conveyor 


Horsepower 
Link-Belt Company 


| | Value of К ЈЕ Hp. for tripper P 
Width of belt, in. | 

| Plain bras, Anti-frict, bres. | Plain bres. Ашый, brga. 

| 12 0.149 0.070 0.75 0.50 
14 9.14 0.070 1:00 075 
16 0.140 0.070 100 0.75 
18 0.135 0.069 1:50 15 
20 9.132 0.066. 1.50 1.25 
24 0.125 0.062 135 125 
20 0.117 0.057 2.50 1.75 
36 0.109 0.054 3.00 2.50 
2 0:102 0:051 400 300 
48 0.097 0,048 5.00 325 
54 0.092 0.047 6.00 5.00 
60 0.090 9.045 7.00 6.00 
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surface, in inches, multiplied by height of sides, in inches), and traveling at 
a speed of 10 ft. per min. For other widths of carrying surface, heights of 
sides, and speeds, than those listed, the capacities should be figured in direct 


for instance, if the speed is 50 ft. per 


proportion to the varying dimension: 
min., multiply the listed capacity by 


Table 15. Approximate Weights of 28-oz. Duck Rubber Conveyor 
Belt 
Link-Belt Company 
Pounds per foot 


ку [Tela Width of belt, n. 
of | cover, |— = PE 
peli s w| u 6 | 18 » | и 30 “ 
| | 
Ma 127 | тав | 16 | 
Ив 1:51 1.76 | 2.01 
| d 159 | 232 | 26 
He | 2% | 28 | 328 
ма | ors | 178 | 20% | 233 | 256 | 3.08 
He | 178 | 208 | 237 | 26 | 296 | 3% 
“| zz | 204 | за | 33 | 377 | 453 
Ма | 25 | зло | $e | 409 | 45| 5% 
ya за | 22 | 29| зе | 4.49 
ИП їп | 36 | 34 | 40 | 509 
5 | и | 336 | 378 | $20 | 5% | 630 
Ме 400 | 450 | 50 | ёш | 75 
With of elt, ln. 
30 36 42 48 54 “ 
Ma 3.4 413 | 5% 6.19 7.22 8.42 
ie | 39 | 46 | 576 | 692 | 806 | 94 
6 | dé 464 | 557 | 6% | 835. | 925 | па 
io | 5% | 55 | Wie | ою | 1:42 | 13°35 
из ss | zo | 820 | 9% | 10.52 
йо $46 | 7:75 | 9:04 | 1032 | 1:60 
2| dk 766 | 218 | 1:80 | 12: | 13:26 
Ste | 8:56 | 10:02 | 12:38 | 14:15 | 1592 
7.82 | 9.14 | 10.40 | им | вм 
| вз | 9% | 138 | 12:78 | 1422 
8 | 997 | ив | 1330 | 1495 | 1662 
| то | 1331 | 15:21 | 1712 | 19.00 
| | 
| | 1008 | 11.52 | 1296 | 1440 
| 10:92 | 12:28 | 1448 | 156 
9 12:60 | 14:40 | 1620 | 18:00 
| 14:28 | 1632 | 1836 | 20:40 
, | | 12.65 | 14.15 | 15.80 
| | 13:60 | 1530 | 17:16 
10 1556 | 17.50 | 19:40 
| | 75 | 19:65 | 2% 
| | 


Nile. The weight of 32s. duck, rubber-covered conveyor belt is oneeeventh heavier than ото 
weights. 


MOVEMENT OF SOLID MATERIALS AND CONTAINERS 2227 


Capacities for slat or platform conveyors are given in Table 22. In this 
table several package weights are given for each conveyor width. Stronger 
chain is used as these package weights increase, 

In estimating the cost of apron, pan, slat, or platform conveyors, it should 
be borne in mind that, in addition to the cost of the chain and attachments, 
the cost of the sprockets, driving equipment, and supporting structure must 
be included. 

Table 16. List Prices and Average Weights in Pounds for Belt 


Conveyor Idlers 
Link-Belt Company 


Unit troughing idler | Unit troughing idler 
With of belt, With S-in. diam, return idler | With 6-n. diam. return idler 
in, rate ell ул! 3 
Price per unit | Weight pe | 
Чы Е Weight, Weight, 
Price jh раа ie 
M 34.60 85 145.80 ns 346.40 122 
16 35.00 E] 46:60 125 47:20 128 
18 35.40 93 47:40 131 48:20 135 
20 35:80 99 48.20 137 49:20 152 
E 36.60 17 49:80 149 51:20 154 
30 39.00 17 53.60 9 | 55.40 186 
36 42.00 138 58:00 15 $0.20 23 
2 45.00 159 62.40 25 65.00 23 
48 48.00 164 6680 27 980 |425 
54 51:00 169 71:20 259 74:60 267 
60 54.00 VA 25:60 зы 29.40 289 
Note. Above weights and prices are based on using standard 9-in. pedestal. When 15 in, is used, add 


Bib, to weight and $2.00 to list price. 
Table 17. Spacing in Feet of Carrying Idlers for Belt Conveyors 


Link-Belt Company 
Width of belt, f. 
| 35and under | 40-70 75-100 125-150 
па | 5 P 
16 5 ай 
18 НЯ 4 
20 48 4 
E] 4 4 
30 4 зи 
56 БА 3 
2 БА 3 
% 35 зи 
54 БА 3 
“ En 3 
Spacing of return idlers 
12- to 30in. belt... - 10:9. centers 


30- to 4S-in. belt — À 2.1.2.1... eft centers 
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Chain and Tray Elevators. Barrel, package, bag, or tray elevators are 
double-strand chain eonveyors with various types of attachment for holding 
such containers, in either ascent or descent. Data for estimate will be similar 
to those used for other types of chain conveyors, except that the special 
attachments for holding the load, coming in sets of two, one for each chain 
strand, will range in cost from $12 to $30, depending on their purpose. 

More elaborate conveyors of this type, with automatic unloading, loading, 
and control attachments are available. If these are to be used, preliminary 
data should be obtained from the manufacturers. 


Table 18. Specifications and Dimensions for Bucket Elevators up 
to 80-ft. Centers 


Palmer-Bee Company 
Centrifugal-discharge, malleable-iron buckets, single-strand chain, steel casing 
Sine of buckets, | Sacre of. | epa | паша | af baets | ima. | cana 
ы 'ucketa, | sprocket, in, | per minute | ft. per min. | 
| 
6x4 в 6 | os zy 12 67 
2x44 в 16 % 27 20 mni 
8х5 I 2 2 20 28 23 
0х6 16 2 2 220 31 215 
"x6 16 20 2 220 34 59 
хе n 2n P] 250 49 26.5 
127 18 a 0 250 55 52 
MXI 18 Ei 0 250 $5 22 
RESI 18 E Р] 250 80 55.0 
Data for Steel Roller Chain 
у Manufacturing Company 
Approximate | Working lyg wil Average 
Pith In. | weight per ft, [strength in Tb, at rimi вре ultimate ist price per ft. 
р О por min, | fk Peri | strength, lb. | eP 
1.50 3.10 2,100 зю 14000 32.65 
150 330 1400 700 10000 2:00 
163 35 1400 500 13,000 20 
165 3:00 1400 700 10000 1.85 
20 425 1300 70 13000 15) 
4.0 1238 370 500 30700 за 
6:00 325 3250 450 30700 26 
6.00 1:50 520 400 50000 3.00 
6.00 13:50 9250 P 26300 
9:00 770 3900 350 2500 2m 
9:00 13.00 450 350 4400 3100 
90 14:50 520 300 47000 340 
9:00 16:00 800 35 60,000 3.60 
3.00 16:00 5000 315 60,000 355 
12:00 12.20 520 300 47,000 28 
12.0 1:22 520 30 47,000 270 
12:00 125 5200 300 47.000 240 
12.0 um 6500 20 61000 35 
12.00 14.00 650 20 60,000 5:10 
12:00 14:00 $500 200 60000 280 
12:00 16:5 9200 20 78500 4.00 
12:00 зе 900 20 78500 4:60 
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Bucket Carriers. Pivoted bucket and V-bueket carers are special 
designs of chain conveyors, similar in the main to bucket elevators, but having 
upper and lower horizontal runs in addition to the upward and downward 
runs of the bucket elevators. 

Capacities of pivoted bucket carriers are given in Table 23. ‘This table 
does not include horsepower requirements. Horsepower is given in Table 24, 
for V-bucket carriers and will not vary greatly for pivoted bucket carriers 
of similar length and capacity. Prices for estimate purposes may be obtained 
from the data given in Table 24, for V-bucket carriers, Note that these list 
prices do not include the driving mechanism. 

Flight or Scraper Conveyors, These conveyors are also of the two- 
strand chain type. In estimating cost, data given for chain conveyors should 
be followed, Costs for scraper flights and for steel-plate troughs are given on 
р. 2231. 

Capacities given in Table 25 are figured on the basis of dry coal weighing 
50 Ib. per си, №. Capacities differ for other materials of other densities or 
angles of repose. The capacities given sre about 80 per cent of those that 
would be obtained with perfect loading. 

‘Horsepower requirement for each 100-ft. centers and sufficient for inclines 
varies from about 2.5 for the first flight size to about 10 for the largest for 


Table 20, Data for Chain Trolleys 


n Belt Comp 
| Chain | Trolley. 
Ж ] 
Average | Maximum in, | Wheel diag, | Maximum 
Weight plain, | Wheel diam. Е 
Avery ultimate | workin à capacity, | Welght, Ib. 
ple im. eng | adde | е me ш 4 
2.609 14,000 2,000 35 24 100 5и 
2:600 T4000 2.000 33 3 500 7 
3:075 24,000 3200 57 3% 500 8 
4:01 30,000 3000 30 3 500 7 
6.031 60,000 6000 62 зи 500 7 


* Based оп a maximum trolley speed of 50 ft. per шїп, 


Table 21, Capacities of Apron and Pan Conveyors in Cubic Feet per 
Hour 
Вей, Company 


carrying | 
surface |—7 ] 1 ] 
һ. а з | зе о е о о[и [в 16 | 2 | 24 | 20 
| | 
в [туе 225] за 337] 3] э] за] ors] 787] ою] 1012] 1125] 1350] 1688 
| 24 |150) 229) 300} 375] 450| 525| 600) 750) 900 1050 1200 1350] 1500] 1800 2250 
30 187] 281 375| 468) 562| 656) 750 937| 1125| 1312) 1500) 1687| 1875| 2250] 2813 
36 225] 337) 450) 562) 675 787 900) 1125| 1350] 1575) 1800) 2025] 2250] 2700) 3375 
42 | 269] 393] 525) 656| 787| 918| 1050| 1312| 1575| 1837| 2100) 2362| 2625| 3150) 3937 
48 |300 450) 600 750 900) 1050] 1200] 1500) 1800, 2100) 2400) 2700) 3000| 3600, 4500 
54 _ | 357] 506 675| 843| 1012) 1181) 1350| 1688 2025| 2362) 2700) 3037| 3375| 4050) 5063 
éa | 35] 562 750 937| 15] 1312| 1300) 1875| 2250) 2625 3000] 3575 374] 4500] 5625 
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ТаЫе 22. Capacities of Slat or Platform Conveyors 
Chain Belt Company. 
Different chain strengths for each conveyor width 


Conveyor width, | Capacity tons per | Max. weight 
ps dp El rape 


Min. package 
spacing, ft 


Conveyor load рег 


ft., Ib, 


18 


^8 E 


BSS БЕЗБЕН SUBBE BSEEES БЕБЕ 


* Conveyor width equals length of conveyor sata. 
+ Capacity per hour based on a speed of 60 ft. per min. 


g Company 


Table 23. Data for Pivoted Bucket Carriers 
Stephens-Adamson Manufacturi 
Using standard \ong-pitch steel-bushed roller chain 


Capacity, tn 
Shae of bucket, | Pitch, tn, 


q Coal, 501 
per cu. ft. 


tons per М. 


* Btone, 100 


Speed ft. 
per min, 


1b. por cu. ft. 


t Wei 

chain ai 

buske 
ft, Ib. 


ht of 


d 
per 


XXXXXXXXX 


ыы = 
ыы с 
= 


175-210 


* 
x 
8 


= Based on material 134 in, and under in size. 
t Heavier chain also available for each sise, 
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horizontal conveyors. Inclined conveyors will require more if the quantity 
handled is not cut down somewhat. Note that these figures аге for coal at 
50 Ib. per eu. ft. 

Scraper flights vary in list price from $0.45 for a 12-gage, 4- by 10-in. fight 
to $2.45 for a 10- by 24-in. flight, 91 s in. thick. 

Troughs vary in list prices as follows: For 10-gage shallow troughs, from 
$13 per 10-ft. length to $21.20 per 10-ft. length, over the same range of flight 


Table 24, Data and List Prices for Standard V-bucket Carriers 


Jeffrey Manufacturing Company 


List price, dollars 
Data 
Terminals Per foot centem 
| Less, Len, | Valve 
Aver- Bose | Be. | Les, | ® | Vertt| it” нон | И | with 
эе Busket | for с И | рад ой | casing] тюп мой | atanó- 
size died, | таль | Corr | drive | bead | run | and | тп | con- | af 
E] length by | пада frame | Пе | sem. | ide | som. | voor [iu 
terial, Cen omit- | IE | plete | angle) plete | frame | cat 
in. depth) | ters ted | omit- | PF | са |" $^ [omit | ebute, 
tod ted 
7 | æ |ехих1 7 | 1300] 2301 296 | 29.551 1740 24.431 7.50 
в | 42 poxies 8| ә | 1380 | 233 | 298 | 31:69) 18:00, 26:40 7:70 
8 | эт {20% 165 8| би | 1405 | 230 | 30 29.15 18:00 23:35 7:15 
4 | 8 | Ж (20216 8| 68 | 1490 | 230 | 318 | 34.20 18.00) 28°55] 7.30 
4| 9 | 47 [43183 91 | 1780 | 246 | 336 | 35:85 20:70] 28.80 8:25 
44| 9 | 41 [343183 9 | 1880 | 244 | 348 | 38:50] 20:70] 31:15) 7:90 
5 | 10 | 63 |%х20х ви | 1825 | 249 | 329 | 37.40] 21.25) 30:40] 8125 
5 | 10 | 56 [2654205 10| 114 | 1885 | 249 | 329 | 21:69 21:25 3410 8% 
& | 2 | 9 [503243 12) 17% | 2480 | 261 | 359 | 48:50 Hx) »5 8.65 


+ Terminal complete includes boot, upper corner section with ite housing, curved trough corner soctjon 
‘and drive frame, shafts, bearings, sprockets, gears, ete., to and including second counterahalt, 

| Vertical run complete includes chain aud buckets and guide angle with steal casing. 

{Horizontal run complete includes chain, buckets, trough, and steel conveyor frame for раа not greater 
than 12 ft. Supports for conveyor frames зге extra. 


Table 25. Data for Scraper or Flight Conveyors 
Chain Belt Company. 


| Capacities in tons of coal per hr., speed 100 ft. per min. 
Lo Horizontal conveyor | Inclined conveyor flights spaced 24 tn. 
length, in, t spacing, In. 
Lb, moved 
eight | Ode | 2049 | 30d. 
в | 18 м | 
4x10 30 25 5 18.0 45 10:5 
4%12 38 285 19 240 18:0 35 
5x12 % 345 23 285 225 16.5 
5x15 62 45 31 205 31:5 25 
6x18 30 60.0 40 95 205 EE] 
вхт 120 90:0 6 220 57.0 48:0 
8x20 E 105.0 70 но 655 560 
ERE! 135.0 50 120:0 96:0 72:0 
10x 24 P 172.5 115 150.0 | 120.0 90:0 
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sizes as in Table 25. For deep troughs, 14 in. thick, cost varies from $19.50 
per 10-ft. length to $37.80 per 10-ft. length, for this same range of sizes. 

Drag-chain Conveyors. Drag-chain conveyors are chains running in a 
trough, generally of wood, and propelling material that lies upon them along 
the trough. No flights are used, contact with the chain being sufficient to 


Table 26. Data for Drag-chain Conveyors 
Chain Belt Company 


ышын ga e af ial 0| r Т R.ni. of head shaft 
Soofh head 
30 40 чь. 30 ft. per mi 40 ft per min, 
| 
400 533 15.68 75 10.0 
600 B00 15:68 25 10.0 
300 1067 20.90 5.63 75 


* Depth of material conveyed depends on whether material is fine ог lumpy. Above capacities are 
based on a 4-in, depth, which is conservative for fine material. Speeds for abrasive material should not 
exceed 30 ft. per min, , For speeds other than those stated, capacities will be in direct proportion, 


Table 27. Sizes, Capacities, and Speeds of Screw Conveyors 
Chain Belt Company 


Light, Heavy, 
Diameter, Вие | тозе |  nonabraive | Heavy, пуме 
ps mint material material 
s as grain as coal 
ра 
ЗЕ | 

H ich pes 
ры 
H $ 
i 51418 
ait |: | аии 18 |29| 10) 10 | по| 55|Me| 85| 45 
éji та | 102 | 56 | 1 | 16 |180) 315 10 | 0| 175] № 75| 130 
314 4| 1012 | $24] 14 | 15 | 1100) 10 | 95| 603a 70] 40 
312.2 | 102 | ИИ | 5| ию 10. | 95| 600) X | 70| 440 
то |a| | 0/2 | |2| 14 | 160 | 1400 
10/2 |2 | 1ој2 | fe|2i4| 14 |160| 1400 
2212 | 212 |г |3 | 12 | 10] 2260) a| 85 и| 65| 980 
12 | 234| 2: 2|3 |! |3 | m | 150} 229 
121313 | 1213 |i |3 | 12 |150| 2260 м | 85 34| 65| 980 
14 | 234) zi 12|3 | пе |3м | 12 | 150 | 3600) ма | 80 и | 60 |1450 
1403 |3 | 12]3 | 6] 3%) 10 | 130 | 3600. $ia | 80 $á | 60 | 1,450 
1613 |3 | 1213 |1 10 | 150 | 540 № | 75 45 | 35 | 2/000 
1B) 3 |3 | 12/3 | 136] 436] 10 | 130] 6600) И | 65 34 | 50 [2550 
201383 | 12/3 | 3a | 15 | 79% i | 60 
20 |4 | зид ја 11915 | i || з6 | 6 и | 45 |3,100 
2 |4 ој 124 |2 6 | | 10 izid % | 5o 44 | 40 480 


* Standard length of conveyor section, measured from center to center of bearings; actual length of 
flights equals standard length minus bearing length. 

T Approximately 90 per cent of material to be of "Max. uniform size" stated; not more than 10 per cent 
of unsited material to be of “Max. unsized" stated. 

$ Capacities stated are at maximum грла, with uniform and continuous flow of material, based on 
erostectional area of material in box equal fo about one-third of the area of the screw. Capacities at 
other speeds are in direct proportion to those listed. 

ge of the mata ‘ould never exceed свела ofthe diameter of the serem д 

‘The above data on speeds and capacities represent good practice, but may be departed from, depending 
on conditions, It is recommended that the maximum speeds shown be aot exceeded. 
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Table 28. List Prices of Standard Screw-conveyor Flights* 


Chain Belt Company 


List peice in dollars per ft, of standard black conveyor 
Diameter, fo. Оп beavy pipe core. 
Thickness steel Ше TI EXIIT 
] Т standard weight 
Conveyor | Pips Inside | © 
4 $275 
5 3.00 
3 10 
9 450 
12 150 
12 5:00 
12 5:00 
и 6.00 
M 7.0 
M 750 
16 8,30 
16 9:00 
18 11:00 
18 
20 
20 
E] 
" Standard lengths same as Table 27, 
Table 39. List Prices of Screw-conveyor Accessories 
Price Range 
Cust-ivon bot ends for wooden Ъохев.................. $ 2.00-$ 17:00 
box ends for steel boxes 2:00- 17.00 
Discharge box ends а eu Y 18.00 
Countershaft box ends, wooden boxes 128.00 
Countershatt box ends, steel boxes 126.00 
205.00 


Right-angle dr 


Su 


Flanges 
Биден, 
Gates and spouts (depending on design)... 


20. 


ger bearings. . ФЕР 
1 linings for wooden boxes, per foot. ..- 
1 troughs with covers, per ft... 


Table 294. Sizes, Speeds, and Capacities of Johns Conveyors 


Osborn Manufacturing Co. 


Conveyor нө, 


Capacity, tons per hr. 


I 
Materials at 1001, per en. ft. Conveyor | Materials at 501b. per cu. ft, Conveyor 


speeds, ft. per min. | speeds, ft, per min, 
wo | zo | soo | жо | so | м ж | э | ж | м 
| | 
| 
2 6 | 2| wl 2| 30) 3| 6| 9) 5 
3 u| æj 2| %| 70 | 2| 4 2| 2| 3 
4 m | 4| 2| 9 | 100 | 12 | 24 | 36) а | & 
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move the class of materials, such as ashes, on which drag chains are used. 
In general, these conveyors should be estimated just as other chain conveyors 
are. Data as to capacities and speeds are given in Table 26. Horsepower 
required for these conveyors can be estimated from the data given and the 
weight of the material, due allowance being made for friction, Cost can be 
estimated by estimating the cost of the structure, sprockets, and drive, and 
to that adding list prices of 51,80, $2.50, or $3.40 per ft. for the chain in tha 
three cases given in the table. 


Table 30, Handling Capacities of Drag-line Scrapers 

Sauerman Bros., I 

Estimated hourly capacities in cubic yards for different sizes of scrapers operating on 
various lengtlis of haul 


Бие of scraper, cu. yd. 


31 LHIT eI? CELS СЕ 8 
2 ЕЈ 80 160 320 | 400] 480 
12 z 42 84 168 | 210 | 254 
8 19 28 56 112 | мој 168 
6 м 21 43 86 | 106| 126 
5 u 17 34 68 86 | 104 


'upacities are based upon line speeds attained in average material, Actual capac- 
ities will vary [rom this table by amounts depending entirely upon local conditions, 

Screw Conveyors. Sizes, capacities, and speeds usual with screw con- 
veyora are listed in Table 27. List prices are in Table 28. The horsepower 
required to drive a screw conyeyor can be determined by applying the formula 


Horsepower 


where W is weight of material moved in pounds per minute; L is length of 
conveyor in feet; 3 for grain and similar material; 2.5 for coal, cement, 
etc. and 4.0 for ashes, sand, and gravel. Horsepower obtained by this 
formula will be conservative with due allowances for ordinary misalignment 
and other variable factors. 

For this sume range of screw-conveyor sizes, the list-price ranges given 
in Table 29 may be used for purposes of estimating. 

Gravity Roller Conveyors. Gravity roller conveyors come in two general 
types and several sizes and bearing designs, The two types are two rail and 
three тай. Two-rail conveyors have one series of rollers held between frame 


Table 31. Drag-line Scraper, Storing and Reclaiming Coal 
Sauerman Bros., Inc. 


Stag of scraper | Average haul, | Capacity, tons Operating cont | Cost of machine | sr of motor 


he و‎ per ton ри ee 
bucket, en. yd. perhe. |ы) | proximate) 

я 200 18 30.045 | $.2500- 4,000 15 

3 200 100 000 | 11000-16000 100 

и 200 170 0:035 | 130001800 125 

7 200 265 0:050 | 20,000-30,000 200 

10 20 365 0.028 | 260004000 300 


"These machines are made in 15 sizes from H-cu. у. to I2-cu. yd. capacity. They operate between head 
and back posta, or between movable steel towers, and for spans up to 600 or 700 ft. The costs given are 
for certain representative machines, and cover both storing and reclaiming. Operating costs vary with 
distance material is moved, continuity of operation, ete, ‘The firat cost varies widely because of the great 
difference in the layouts of diferent storage yards. 
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tails on either side. Three-rail types have two sets of rollers, parallel, and 
held between three frame rails, one being in the center between the two sets 
of rollers. 


Table за. Drag-line Scraper, Storing and Reclaiming Crushed Stone 


Sauerman Bros., Ine. 


Бани toa | retos ont | Gont of machine 


= Average Ваш, ft. ton Н.р, of motor 
bucket, cu. yd. (approximate) | (Ppreximate) | 8 
и 10 50 32.06 3 5,000 2 
200 90 0.08 10,000 75 
3 300 150 0.09 20,000: 15 
5 400 275 0.095 30,000* 200 


These machines are made with 12 diferent sites of buckets, ranging from За yd. to £u yd. capacity, 
operating between masta, or between towers, and for spans up to about 600 ft. Сома are for repre: 
sentative installations, Costs vary with distance material is moved, layout, continuity of operation, eto. 

* Machines of eu. yd. size and larger usually have a movable steel bead tower and the above cost is 
figured accordingly. 


Straight sections of roller conveyors are 4 or 8 ft. long as desired. Special 
lengths, curves, switches, etc., are made to order. 

‘The light-duty roller conveyor has rollers of 1-їп. outside diameter on light 
ball bearings. Length of rollers ranges from 4 to 20 in. for the two-rail type 
and from 6 to 20 in. for three rail. Capacity is 20 Ib. continuous load for 
each roller; 

The standard-duty roller conveyor has rollers of 15g-in., 174-in., ог 314-in. 
diameter, on ball bearings. The length of roller is 4 to 24 in. for the two-rail 
type and 6 to 24 in. for the three-rail type. Capacity is 100 Ib. continuous 
load for each roller. 

Heavy-duty roller conyeyors with rollers from 2% g-in. to 4-in. diameter, 
and capacities up to 5,000 Ib. continuous load per roller, are also made. 

First, cost of gravity roller conveyors runs from $1 per ft. to $25 per ft. 
depending on size, load capacity, and roller spacing. 

Wheel Conveyors. Wheel conveyors are made with antifriction bearings 
and with steel, rubber, fiber, or molded plastic composition tires. Wheel 
diameters available vary from 2 to 8 in. and continuous load capacities from 
20 to 300 Ib. per wheel. The preferred application of these conveyors is in 
installations where conveyor lines must be readily portable and where the 
relatively light weight of wheel conveyor sections becomes a distinct advan- 
tage. Costs are slightly below those of gravity roller conveyors. 

Redler Conveyors. Capacities of Redler conveyors go as high as 300 
tons per hr. when handling heavy materials at high speed. However, with 
the light materials usually handled by these conveyors (weights less than 
100 Ib. per cu, ft.) and with usual size conveyors, capacity will be in the 
range of 1 to 75 tons per hr. Redler conveyors come in a number of designs, 
but for the design most usually employed, flight sizes are from 3 to 23 in. 
The smallest of these will handle lumps up to 34 in. in unsized material, 
while the largest will handle lumps up to 534 in. in unsized material. Speeds 
range up to 180 ft. per min. for the largest size and up to 80 ft. per min, for 
the smallest size. Costs of Redler conyeyors vary greatly, depending upon 
the job to be done, and the figures for estimating purposes should be obtained 
from the manufacturer. 
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Johns Conveyors, Sizes, capacities, and speeds of Johns conveyors are 
given in Table 294. Cost figures for estimating purposes should be obtained 
from the manufacturer. 

Pneumatic Conveyors. Capacities and list prices of pneumatic handling 
systems should be obtained from а manufacturer for each case that arises. 
For estimate purposes it may be assumed that in a suction system, to move 
20 tons per hour through 50 ft. requires 50 h.p., the same quantity through 
150 ft. requires 75 h.p., and through 250 ft., 90 h.p. 

An installation for moying 10 tons per hour of material weighing 40 Ib. 
per cu. ft. over a distance of 300 ft. cost approximately $10,000. The 
motor was 78 h.p. and the actual power used in handling was 70 h.p. 

Systems are built for handling ав much as 250 tons per hour when handling 
heavy, granular materials, For light, dusty materials the limit is about, 50 
tons per hour. Handling 10 tons per hour a distance of 150 ft., the cost for 
power and labor will ordinarily be in the neighborhood of $0.10 per ton. 

Drag-line Scraper Conveyors. The capacity of drag-line scraper equip- 
ment depends on the rating of the scraper and the length of the haul, Tables 
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Table 33. Capacity, Lift, and List Prices of Differential Chain Hoists 


Yale & Towne Manufacturing Company 
Capacity, tons Price complete | Standard lift,* ft, | Extra lift, price per ft. 
и $36 6 $4.80 
и 2 7 4:80 
1 56 8 5,00 
1и 72 ви 540 
2 % 9 5:60 


* "Standard lift" means hook travel. 
+ Euch foot of extra hoist includes 4 ft. of chain. 


Table 34. Capacity, Lift, and List Prices of Screw-geared Chain 
Hoists 


Yale & Towne Manufacturing Company 
Capacity, tons Price complete Standard lift, ft. | Extra lift, pelos per f 
и 350 8 82.50 
1 0 8 2.60 
nm 80 8 270 
2 100 9 2.80 
3 150 n 3.00 
4 190 10 3.80 


30, 31, and 32 show the capacity, costs, and other data for one design of this 
type of conveyor. 

Hand-operated Chain Hoists. There are three types of hand-operated 
chain hoist: the differential, the screw geared, and the spur geared. Of these 
types the differential has an efficiency of 30 and the screw geared, 40 per 
cent, while the spur geared has an efficiency of 80 per cent. Tables 33, 34, 
and 35 give data as to capacity, lift, and list price for the three types of hoist. 

‘These hoists are frequently supported by means of a trolley running on an 
I-beam. Trolleys are of various types, of which perhaps the most common is 
the steel-plate trolley, data for which are given in Table 36. 
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Motor-driven Chain Hoists. Chain hoists are equipped with electric 
motors for easy and quicker handling of loads, Table 37 gives data for one 
of the simpler types of this hoist. Speeds for motor-driven hoists are given. 
in Table 38 for both direct and alternating current. 

Drum Hoists, There are several designs of drum hoist of varying com- 
plication and cost. That for which data are given in Table 39 is a simple type 
of friction hoist equipped with pulley for drive from a motor or other power 
Source, Itis supplied in both single- and double-friction designs. 

Monorail Hoisting and Conveying Systems. Monorails are of two 
general types, the hand operated and the motor operated. The hand-oper- 
ated type is made up of a chain hoist, в carrier for the hoist, and the supporting 
track or rail. Кай of this type, in lengths of 21 ft., lists at $0.65 per ft, ‘Table 
40 gives data as to capacities, lifts, and list prices for this type. It covers 


Table 35, Capacity, Lift, and List Prices of Ball-bearing, Spur-geared 
Chain Hoists 


Yale & Towne Manufacturing Company 


Rated capacity, long tous | Price complete Standard lift, ft. | Extra ft, prow per fk 

и зл 8 5180 

в 70 8 1:80 

1 50 8 150 

1и 10 8 2:00 

2 Tio 9 210 

5 180 10 3.00 

4 20 10 3:20 

5 20 12 4:30 

Д 330 2 430 

8 400 12 5:30 

0 E: 12 6:50 

2 D: 2 8:60 

16 72 в 10.80 

2 850 02 15:00 

Table 36. Data for Steel-plate Trolleys 
Yale & Towne Manufacturing Company. 
in of | (Greatest distance — 
Capacity, tons | Sida fi Of | between supports, | Paste of ind | Price plaln trolley 
: t У 

4 4 19 3 $2 
be 5 и E 5 
1 ё In $i 9 
|н 7 15 ЕН » 
2 8 16 ё % 
5 5 16 я P 
H n 16 ai [3 
5 ій 18 0 109 
H 15 zi 10 та 
8 2n 28 12 170 
0 E 32 в 218 
2 E] 5 в E 
15 P 2% 18 E 
E] p 2 18 585 


* Vi lon and larger are equipped with roller bearings, 
Adjustable without extra cost for T-beams three sizes larger than standard, A':o adjustable (or 


Teams of non-standard stant, 
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Table 37. Data for Electric Motor-driven Chain Hoists with Manual 
Control 
Yale & Towne Manufacturing Company 


pa ee ves pm 
standard speed | standard speed | Standard speed 
Combinstion of hoist with 

‘Standard tra | Standard | Extra | Standard | Extra 

Tft. lift It, ЕЛ It, lift. 
lift per ft. lift per ft, lift. per ft. 

Hook or clevis.......... $310 | $0.92 | $417.50 | $1.05 | $519.00 | $1.55 
Plafn trolley. 5 320 0.92 | 430.00 1.05 | 540.00 1.85 
Plain trolley with current collectors, 330 0.92| 440.00 1.05 | 550.00 1.85 
Geared trolley. 8 ~ 342 1.62 | 448.75 1.75 | 561.50 | 2.55 
Geared trolley with. 352 1.62 | 458.75 1.75 | 571.50 | 2.55 
Built-in trolley. 330 0.92 | 440.00 1.05 | 550.00 1.85 
Built-in trolley with current collectors, 340 0.92| 450.00 | 1.05 | 560.00 1.85 


Table 38. Speeds of Motor-driven Chain Hoists with Direct and 


Alternating Current 
Yale & Towne Manufacturing Company 
Direct Current 


Speeds, ft. per min, 


Rated capacity, tons* Hoisting 


Lowering 


No load | Half load | Full load | No load | Full load 


n 46 E] n % 
36 n 18 36 28 
@ E] 3 @ % 
40 25 20 %0 30 
%4 Е 29 54 38 
20 Ba 10 2 5 
2 15 ЕЈ 18 
Alternating Current = emi ч 
Брена, ft. per min, 
Single phase 
ЖҮК eae a 
Е [ нм | тшш 
Holsting Towering | No load | шоа Nolo | Full loud 
jos 32 и n 4 n [3 
16 17 % 2 36 » 
35 3s 5 32 54 45 
52 я 
Н 7 
| в 19 35 v 36 » 
% 5 
3 зи 
" 3 p 18 ви 18 4 
295. b в M | 


* QS. js used as abbreviation for quick speed; Н. 8, for high speed: 


S. for low speed, 
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only the simple design of hand-operated monorail. Many different special 
carriers, hoists, and attachments are available for specialized services. 

Hand-propelled monorails with electrically operated hoists are available 
in many sizes. Table 41 gives data for a standard design of this type, Other 
special designs are on the market. 

Electrically propelled, motor-driven monorails are operated from the floor 
or by an operator seated in the carrier, Data for the floor-operated type are 
given in Table 42, and for the type operated from cab in Table 43, 

Traveling Cranes, Traveling cranes are of two general types, hand 
operated and motor operated. The hand-operated type is supplied in many 
sizes by different makers. Data for one manufacturer's hand-operated cranes 
are given in Table 44. Аз all cranes are more or less specially built, list prices 
are not available. 

Light-weight, high-speed, motor-operated cranes are operated from the 
floor, as are the hand-operated type. Table 45 gives duta for these cranes. 


Table 39. Data for Friction Drum Hoists 
Stephens-Adamson Manufacturing Company 
Single friction 


T 7 
| > Drive pulley 
Sise of drum, | Rope | прса | Mas. | fom | Welt, | Tist 
in | pulls Tb. | ft pet | dae of Face | ppm} ® | Pe 
| | n 
mx» | о | 150 | s | 5 | 30 | ¢ | 200 | 1300 | 300.00 
хи | 1300 | пој % | 8 | 3 | е | 20 | мо | 32250 
x | 2000 | 30 | м | а | | 8 | 30 | 2600 | 25:00 
1824 | 2000 | зо | 5 | 24 | 36 | 8 | 300 | 2800 | 465.00 
2024 | 200 | 30 | ée | 26 | 36 | в | 20 | 3000 499.00 
axy |20 | 300 | $e | 3 | 3 | 00:00 
nxa | з | ж 5 | 30 | зе | 10 | 30 | 430 | 705.00 
24530 | 300 | 3% | $ | 50 | 3e | ю | 30 | 4700 | 750-00 
| 
Double Frictloa 
мхи | зо | о | sw | | » |o | зю юж 
24830 | 3000 | 300 | 5& | 30 | 36 | 10 | 30 | 400 | 1006:50 
42836 | 3000 | 300 | 5 | 30 | 36 | 10 | 50 | зао | 99:50 
3030 | 4X | 30 | s | 36 | 36 | 12 | 30 | 50 | 1105.50 
30x30 | 400 | 30 | 5 | 36 | 36 | | эю | 5700 | мя 
30x36 | 5000 | 50 | ж | 4 | 4 | 12 | 300 | 10 | 132000 
ха | 500 | 3 | 5 | 42 | 40 | 12 | 50 | 7200 | 1369:50 
| 
Table 40. Data for Hand-operated Monorails 
Cleveland Crane & Engineering Company 
1 Standard lift, | Shippin List price, | List price, | Price per extra 
Capactty, tona | fc weight, | carrier only | dastody | ft of Mit 
EN. : EE 
LE 1% m | se | mm 
ее: 135 20 w | м 
5 ш A 2» | "n 
8 6 | 20 о | 19 
5 ж | 5 120 20 
| м |3 m | 20 
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Table 


to suit almost any requirement. 
be consulted for data for each specific application. 
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Heavy-duty traveling cranes of the motor-operated type can be obtained 
Manufacturers of such equipment should 


41. Data for Hand-propelled, Motor-driven Monorails 


Cleveland Cr 

Capacity, tons | Speed per mla. | Мах, lift, ft Motor, hip. | List рее” 
m 40-80 160 1 3146384 

a 20-50 16-28 ти 273-406 

1 20-80 1730 3 368-620 

2 2056 158-30 E 503-264. 


* Depending on control and lift. 


Table 42. Electrically Propelled, Motor-driven Monorails, Floor 
Operated 
Euclid Crane & Hoist Company 
Lifting | Minimum | а 110-40 
Capacity, | Standard $ Sise rope, 
па] Bh speed, ft. | р, volt 3 phase 

Cel Mite | ‘per min, | motor 53 60 суйе | current 

и 18 2530 n $ 325.00 | 338.00 515 

A 40 2530 18 3500 | 303.00] 65 
1 9 15-20 2 377.00 | 390.00 515 
1 20 15-20 2 30000 | 415.00) 65 
1 30 20-25 2 513.00 | 530) 8% 
2 10 10-15 2 460.00 | 27500 | 050 
2 15 15-20 3 528.00 | 528.00 900 
3 в 10-15 3 578.00 | 568.00] 900 
3 20 10-15 3 249.0 | 749.00| 176 
3 36 10-15 3 28.00 | 7900) 1745 
5 18 10-15 5 $40.00 | 890.0 | 1775 
5 28 15-20 7и 1098.00 | 1040.00 | 3140 
74 24 10-15 is 1098.00 | 040,00 | 3140 
10 16 10-15 10 1255.00 | 1189/00) 3300 
10 5 20-25 20 1585.00 | 1732.00 | 5000 
15 16 15-20 20 1735,00 | 1882.00 | 5100 

Table 43. Electrically Propelled, Motor-driven Monorails Operated 


Standard. 
lift ft. 


from Cab 

Euclid Crane & Hoist Company: 
Lifting | Minimum | «x 100-40 | 110-220 
speed, ft. | hp. | Sig rope | volt phase | volt direot 


per min, | шош - | oe | "current. 


ешм, 
Ib. 
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Hand-operated Lift Trucks. Hand-operated lift trucks sre available 
in a great variety of sizes and capacities. Table 46 gives information that 
may be used in estimating for this type of equipment. 

Skid Platforms. The U. 8. Department of Commerce, in cooperation 
with manufacturers and users, has standardized on 7-in. and 11-in. heights for 
lowered skid platforms. Two sizes have been selected. аз meeting general 
requirements; The smaller measures 33 by 54 in. and can be loaded to 4000 
Ib. if the height of the load isnot too great. ‘The larger measures 42 by 66 in, 


Table 44. Hand-operated Traveling Cranes 


р 20-50 or up 
№ | Dorp 


„Table 45." Data for Light-weight, Motor-operated Traveling Cranes 
H Whiting Corporation 


Capacity, tons | Span, ft, | Capacity, tons | Span, ft 
1 15-20 3 25-35 
2 20-25 5 35-40 


Table 46, Data for Hand-operated Lift Trucks 


Lewis-Shepard Company 


No. of strokes | Lst price, 
Maximum | Minimum st peice, 
те | rm, | Мале dE 
| 
| 2500 í 1 з 60-130 
| m i 
“зок”, 81000 8 113-435 
"юш", 10,000. 8 


and is recommended for bulky material. The smaller skid can be loaded 
three abreast in standard boxcars, while the larger can be loaded two abreast. 
Skid platforms are listed at from $3.50 to $15 each, depending upon size, 
capacity, and type. 

Portable Platform Elevators. Hand-operated and motor-operated 
Portable platform elevators are used for raising and lowering loads. For 
loads not exceeding 500 1b., elevating up to 10 ft. in height, а gearless hand- 
operated machine is available at а list price of about $200. Higher priced, 
geared, hand-operated elevators, made for elevating up to 20 ft., are also 
available. 

Combination hand-operated and motor-operated elevators in sizes of 500 
Ib. and up to 40 ft., 750 Ib. and up to 27 ft., 1000 Ib. and up to 20 ft., 1500 Ib. 
and up to 13 ft., and 3000 Ib. and up to 10 ft. are available. 
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Fully electrically operated portable platform elevators are available in 
sizes as shown in Table 47. 

Data supplied by the Lewis-Shepard Company indicate that list prices 
for portable platform elevators range from slightly less than $200 to $1750 
for an elevator of 4 tons capacity. 

Permanently Installed Freight or Platform Elevators. or elevators 
of this type, permanently installed in buildings for the handling of all types 
of loads, specifications and prices should Бе obtained from a manufacturer, 
by supplying him with all necessary data. 

Table 47. Data for Electric Portable Platform Elevators 


Barrett-Cravens Company 


Speed, ft. per min, 


Capacity, Ib. |= 
pou | Shop. | 5hp. 
500 60 
150 40 3 
1000 30 0 ё 
1500 20 27 40 
2000 5 2 30 
3000 10 13 20 
4000 TA 10 5 
5000 8 10 


Table 48. Data for Electric Industrial Trucks 
Baker-Raulang Company 


В List price. List price 
Platform, 4,000- 6,000 31700-2000 
Lift, 4,000- 6,000 2000-2250 
t | 10000-20000 | 2800-3500 
High-lift,..... 4,000- 6,000 2250-2750 3400-1000. 
High-lift. 10,000-20,000 3250-5000 (| 
Fork. «| 3.000- 8,000 2500-4500 
Crane. .., 3,000- 6,000 3750-4200 


Electric Trucks. Many types and capacities of electric trucks are avail- 
able. The 2-ton model is much used where standard types are suitable. 
‘Table 48 gives information as to sities and prices. 

Speeds of electric industrial trucks when loaded аге from 4 to 6 miles per 
hour; and when unloaded, about 50 per cent greater. These figures are for 
operation on level concrete. On grades, speeds are somewhat less as also on 
rough surfaces, Larger model trucks, suitable for use in warehouses, wharfs, 
and terminals, have load capacities from 50 to 100 per cent over those in the 
table and operate at speeds from 7 to 10 miles per hour. 

Skid platforms used with these trucks are similar to those used with hand- 
operated lift, trucks, 

Tractors and Trailers. According to the Mercury Manufacturing Com- 
pany, the average eost of an electric industrial tractor with battery is about 
$2500; the average cost of a gas-engine industrial tractor is about $1350; 
and the average cost of a trailer is $60. It is usual practice to employ 50 


MOVEMENT OF SOLID MATERIALS AND CONTAINERS 2243 


trailers for each tractor. Table 49 gives data as to capacities and list prices 
of tractors, Ball-bearing platform trailers, 72 by 36 in. and 1614 in. high, 
Weigh 500 Ib. and have a capacity of 2 tons load. 

Industrial Railways. Equipment of the industrial-railway type is made 
in a variety to suit every purpose. As installations of this equipment are 
Always special and of considerable magnitude, а manufacturer should be 
Consulted before any attempt is made to estimate costs. 


Cost of Handling Materials 


Reliable data from operating experience for estimating the cost of operation 
of handling equipment by conveyors, overhead equipment, or industrial 
Tailways are not available. This is due to the fact that no two installations 
Are аң all alike in results obtained. All the conditions affecting cost vary in 
each installation. Distances moved, quantities handled, use-factor of equip- 
ment, cost of power, and cost of labor, among other factors, are of such a wide 
tange as to prevent the determination of accurate unit costs. 

Handling by trucks and tractors has been the subject of much study und 
fairly reliable unit costs for estimating purposes are available, 

Hand-operated lift trucks, handling miscellaneous material about a ware- 

louse, showed a handling cost of about $0.45 per ton in one job. These trucks 
and their accompanying quota of skid platforms have a yearly maintenance 
Cost of from 0.5 to 2 per cent of the first с Many lift trucks of this type 
Average about $1 per year for maintenance, 

Portable platforn nance averages about $15 per year. 
Cost of handling can be estimated from the power required over the period 
Of operation and the labor expense. 


Table 49. Data for Electric Industrial Tractors 


Baker-Ravlang Company 
Capacity, Ib. | List price less 
Type draw-bar pull | battery 
Four-wheel 
"Twro-wheel drive. 2000 $1850 
Four-wheel dri 3200 2050 
"Three-w! 1800 1575 


Electric industrial trucks, according to the Industrial Truck Association, 
have yearly operating charges as shown in Table 50. Handling costs for 
Unloading 1,000,000 1b. of billets per day and moving these 150 ft. are 80.02 
ber ton, For handling 48 rolls of paper per hour over 300 ft. and stacking 
four high, costs are 314 ets. per ton. This same association also finds that the 
Cost, of operating these trucks, in average service, can be figured at $0.50 
рег hr, 

"The Baker-Raulang Company gives the following costs per day for operat- 
ing a truck in average service: platform trucks, $2.50; lift trucks, $3 to $3.50; 
high-lift trucks, $3 to $3.50; fork trucks, $3.25; crane trucks, $4.25. 

Tractors, according to the Baker-Raulang Company, cost $3 per day to 
Operate. The Mercury Manufacturing Company gives the same figure, $3 
for electric tractors, exclusive of the operator's wages, and gives the cost of 
Operating a gasoline industrial tractor, exclusive of the operator’s wages, at 
$4 to $4.50 per day. This latter company finds that the total cost of owning 
804 operating trailer units is $0.03 per day per unit. 
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Drageline scraper conveyor costs have been obtained by Sauerman Bros., 
Inc., from a large number of installations of their equipment. These figures 
are given in Tables 31 and 32, and can be summarized here as follows: for 
storing and reclaiming coal, from 80.028 to $0.045 per ton for а 200-ft. haul; 
for storing and reclaiming crushed stone, from $0.06 to $0.095 per ton for а 
haul varying from 50 to 275 ft. 

Costs of handling by conveyors or overhead equipment can most readily 
be estimated by considering each conveyor or other unit separately. From 
the load handled, with а reasonable assumption of power losses, the power 
required can be estimated. Cost of power per kilowatt-hour, multiplied by 
the number of kilowatts of power required, multiplied by the hours of use 
will give the cost of power fora given amount of handling. Dividing this 
cost by the pounds, tons, or other quantity units of the material handled will 
give the power cost per unit handled. 

Cost of labor can be estimated in the light of the current wage rate in the 
locality where the equipment is to be located, by analyzing the handling 
operation and estimating as nearly as possible the amount of attendance 
necessary. It should be borne in mind that frequently one man can attend 
to several duties and divide his time between the handling equipment and 
other work. Often additional investment in automatic loading, unloadin 
and controlling devices will be justified by the decrease it causes in handling- 
labor expense. 

Maintenance cost for equipment, unless the service be unusually seve 
can usually be estimated at between 2 and 5 per cent of the cost of the 
equipment. 


Table 50, Yearly Operating Charges for Electric Industrial Trucks 
Industrial Truck Association 
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Depreciation of truck... 5.4.4 TIS ... $200.00 
Depreciation of battery... ......- ies 100.00 
Depreciation of charging equipment RES. 

Interest, insurance, and storage charges for the above. 245.00 


о О 
+. 250.00 


3022.50 


Power (7500 kw.-hr. nt 114 cts). .... 
Maintenance and repairs, labor and mat 


Depreciation can in most cases be estimated on the basis of a life of 20 
years for permanently installed equipment and 10 years for movable or 
portable equipment. 

Interest on investment, taxes, insurance, and the possible effect of obso- 
Jeseence also should be considered in estimating costs of materials-handling 
equipment, 


MOVEMENT OF LIQUIDS 


Necessity for the movement of liquids occurs widely throughout the chem- 
ical engineering industries, Raw materials are delivered to the plant as 
liquids. Many materials are liquids during all or part of the manufacturing 
processes. Finished products are frequently liquids, 

Some of these liquids are handled in containers and are therefore subject 
to the handling methods described for solid materials and materials in con- 
tniners. Other liquids are handled in bulk and are therefore handled by 
some form of pump through pipe lines, This method of handling will be 
discussed in this section. 

Raw materials handled by pumping include such materials as water, 
petroleum and its products, brine, acids, alcohols, liquid alkaline solutions, 
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liquid alkalies, salt solutions and liquid salts, liquid chemicals such as tanning 
liquids, molasses, syrups, vegetable and animal oils, and tar and other liquid 
coal products. 

Materials in manufacture that are handled in a liquid condition are in 
general the same as the raw materials, with the addition of such materials 
аз slurries, sludges, and slips, which are mechanical mixtures of a solid and a 
liquid that are usually best handled as liquids. Various solutions and sus- 
Pensions will be encountered during manufacture that are not found among 
either the raw materials or the finished products, but, generally speaking, 
the pumping problems caused by these are not different from those encoun- 
tered with other liquids of similar characteristics, 

Finished products that are-pumped are in general similar in physical 
Properties to the liquids encountered among: the materials in process and the 
Taw materials, Consequently the pumping problems encountered fall in 
the same general classifications. 

Pumping Equipment. For the purposes of this section relating to the 
movement of liquids, а pump is defined as any device for the transference of 
liquids. More broadly speaking, pumps also include devices for handling 
Bases, but the subject of the movement of gases із covered in the latter portion 
Of this section. 

_ Types of pumps that are of importance in the chemical engineering field 
include: 


1, Centrifugal pumps, including sump pumps, and propeller or screw-impeller type 
Dumps and deep-well pumps. 
2, Reciprocating, or piston pumps, ineluding steam pumps and power pumps. 


8. Rotary pumps. 


4. Air-pressure pumps, including air lifts; and displacement pumps such as acid eggs, 
Automatic elevators, pnenmatie pumps, pneumatic ejeetors, inflammable-liquid pumps, 
Humphrey gas pumps. 

б. Pulsometers. 


6. Jet pumps, including injector and ejectors, operated by steam or water. 
7. Hydraulic таша and hydrautomats, 

8. Special pumps, inoluding the screws, the scoop wheel, ete. 

9, Diaphragm pumps. 


Centrifugal Pumps 

A centrifugal pump, in its simplest form, consists of an impeller rotating 
Within a casing. ‘The impeller consists of a number of blades, either open ог 
shrouded, mounted on a shaft which project# outside the casing at each side. 
Impeller blades may be curved forward|(for low-head pumping), straight 
(for medium-head pumping), or curved backward (for high heads). Impellers 
may have their axis of rotation either horizontal or vertical, to suit the work 
to be done. 

Casings are of four general types, but in any case consist of a chamber in 
Which the impeller rotates, provided with inlet and exit for the liquid being 
Pumped. ‘The simplest form of casing is the circular casing, consisting of an 
annular chamber around the impeller, no attempt being made to overcome the 
losses that will arise from eddies and shock when the liquid leaving the impel- 
ler at relatively high velocities enters this chamber. Such casings are not 
Used in tho usual designs of centrifugal pumps but are widely used in special 
Pumps as, for instance, in pumps made of acid-resisting materials, where 
Dump efficiency is sacrificed in order to permit the use of the special material. 
Volute casings are a modification of the above, wherein the chamber takes the 
form of a volute, increasing in cross-sectional area as the outlet is approached. 
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‘This form is a distinct improvement over the previous form, in thatit decreases 
the losses, although loss is still incurred due to the fact that the velocity of the 
liquid leaving the blades is higher than the velocity of the liquid in the volute 
chamber. The volute casing is the most used form. А third type of casing 
interposes a whirlpool chamber between the volute and the impeller, 
which effects a further > 

decrease in losses but 
adds to the size and cost 
of the casing. In prac- 
tice, a compromise is 
usually effected by cut- 
ting down both the volute 
and whirlpool chambers. 
A fourth type of casing, 
used where losses must Бе 
at a minimum, as in 
boiler-feed practice or 
high-head pumping, is 
called the turbine 
pump. In this type, 
guide vanes are inter- 
posed between the im- 
peller and the circular Fis. Single-stage volute centrifugal pump. 
casing chamber. In passing through these vanes, the velocity head of the 
liquid leaving the impeller blades is converted to pressure head, and shock ог 
eddy losses in the casing are thus avoided. 


Impellers. 


Suction 
Fie, 


i 1 
Vanes’ 
3.— Multistage centrifugal pump. 


Centrifugal pumps are available in two general classes: standard for all 
services involving liquids not highly corrosive, viscous, dense, or not carryin& 
too large а quantity of solid or abrasive material; special, for liquids involving 
severe problems of corrosion or abrasion, liquids of high viscosity or density’ 
or liquids carrying a large quantity of solids. 

Standard Centrifugal Pumps. As generally applied, these pumps аге 
divided into two groups: single-stage volute pumps (Fig. 32), for low oF 
medium heads; multistage pumps (Fig. 33) for high heads. 
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Volute pumps are of four general styles: single suction, open impeller; 
single suction, closed impeller; double suction, open impeller; double suction, 
closed impeller. The double-suction pumps (Fig. 32) are the usual choice, 
because of their inherent hydraulic balance. 

Multistage pumps have two or more impellers in series, in order to 
increase the head produced. These pumps may ог may not be provided with 
vanes. Where vanes are not used the casings have circular or volute cham- 
bers, depending on the application. 

Standard centrifugal pumps are generally designated according to the 
diameter of the discharge opening. While this figure is not a measure of 
Pump capacity, which varies with the speed, the head pumped against, 
the area of the passages 
Within the pump, and 
other factors, it does give 
‘useful method of olassi- 
fication. 

A simple explanation of 
the action of a centrifugal 
bump is given in Mer- 
Tium's “Treatise on Hy- 
draulies,"” reproduced 
below in condensed form. 
Figure 34 shows the a 
Tangement of a centr 
fugal pump. Power із 
Supplied to the shaft A 
from коте outside source 
to rotate the impeller B 
in the casing С. The 
blades of the impeller in 
revolving produce n par- 
tial vacuum and hence take liquid from the suction pipe D. This liquid, 
entering at the axis of the impeller, is forced outward along the blades, leaving 
the blade tips with a velocity head which changes to pressure head as the 
iquid passes around the volute chamber toward the discharge Е. 

. The velocities of rotation of the inner and outer circumferences of the 
impeller-blade tip circles are и and w, the absolute velocities of the liquid as 
it enters and leaves the impeller are v» and т, and the corresponding relative 
velocities of the liquid are V and Уз. The angles of entrance, approach, and 
exit are ¢, a, and й, while 9 denotes the angle between m and ш. Let Ho 
be the pressure head at the point of entrance to the casing (suction) and Hs 
Af the point of discharge from the casing, while ho and № are the heights of the 
Suction and discharge lifts, estimated downward and upward from the center 
* the impeller, Let ħa be the height of the water barometer. 

hen 


84.—Diagram showing action of а centrifugal pump. 


= Ve aut 


2904 — Нә) w 
and, neglecting friction, 
n 


Н = dh — = 


(2) 


and 
(3) 
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Combining these equations and replacing (kı + Ж) Бу A (the total lift), the 
fundamental equation for centrifugal pumps, neglecting friction, results. 
To account for friction, replace Л by (А + №), where Л is the total head lost 
in all hydraulic resistances. Then 
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2g(h + №) [2] 


which is the fundamental equation for the centrifugal pump. 

Since liquid enters the blades radially, а = 90 deg., and therefore V 
из +. Also, the parallelogram of velocities at exit indicates that Vi? = 
u? + и? — 2um cos 0. When these values of У? and Vs" are substituted in 
Ea. (4), we obtain 


VE — Ve — 15 + ut tnt — 


(h +h’) (5) 

A centrifugal pump must be run at a certain velocity in order to overcome 
the pressure head A + A’ by means of the velocity head, 112/20 of the issuing 
liquid. Hence В +h’ must equal 12/24. Applying this relation to Eq. (5), 
it is evident that ш cos @ = 1/20, It also follows, from the parallelogram 
of velocities, that vı and u, must be equal, Then 0 = 90 deg. — 68 and 
ETE 


2 sin МВ. 


um cos Û = 


(6) 


Equation (6) is the required velocity of the circumference of the outer blade- 
tip circle. 

This velocity decreases as the exit angle В increases. Hence the speed of the 
pump, given a fized value of В, must increase with the square root of the pressure. 
head. 

Since т = ајал, where q is the discharge and а: is the area of the exit orifices 
normal to vi, the velocity is also given by ш = 2/24: sin 248. Therefore, tho 
discharge increases directly with the apeed. 

Since the speed must increase with the lift, and the losses of head increase with 
the speed, the efficiency ој a centrifugal pump in general decreases with the lift. 

‘The theoretical horsepower of a centrifugal pump necessary to raise a given 
quantity Q, in cubic feet per second, of a liquid of density d Ib. per еп, ft, 
through a head Hi in feet, is expressed by the equation 


дат 
550 


Horsepower = @ 


Losses due to bearing friction, stuffing boxes, rotation loss, and short- 
circuiting of liquid through the pump increase the actual power requirement 
of the pump above the theoretical, so that the shaft efficiency of a well- 
designed pump із between 70 and 80 per cent, Some large pumps have shaft 
efficiencies close to 90 per cent. 

The quantity discharged by a centrifugal pump is only directly proportional 
to the speed when there ia no static head to be overcome. To regulate for constant 
quantity while maintaining constant speed, it is necessary to provide for 
constant velocity of flow in the discharge pipe or in the suction pipe, which 
can be done by means of a control valve actuated by changes in velocity 

It can be stated that, among single-stage pumps, the double-suction types 
ате the usual choice because of their inherent hydraulic balance. This 
statement must be qualified by further stating that, for general work at low 
heads and also in the case of many special pumps for the chemical industry, 
single suction is used and the thrust is either entirely taken up in a thrust 
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bearing, or а combination of a partial hydraulic balance obtained by special 
construction and а thrust bearing serves this purpose. 

In multistage pumps, because of the difficulty of designing a double suction 
for each stage, partial hydraulic balance is obtained by varying the amount of 
shrouding on either side of the blades, by perforating the shrouding and 
providing pressure chambers on either side of the blade, ог by similar meana. 


Table 51, Motor-driven, Single-suction Centrifugal Pumps 
Worthington Pump & Machinery Corporation 


ТЯ 134 fn, 
tho. “12р. 2ћра Shp, 
1700 1430") 1700 1 
навй. rpm. [rom rom. rpm. 
Gal | Gs. | Gal | Gal | Gat. | Gat. | Gat. | Gal, | Gal: | Gal. | Gal. | Gat 
рег | per | per | рег | рег | рег per | per | per | рт 
min. | mis, | min, | imi. | min. | за. | sn, | min, | anin | anio. | mim. | mln, 
10 35 | 40 | 100] nof nof 120} nof 130] 130 250 
5 30 | 40 | 90| 100) пој 120} пој 1:0] 130 250 
20 25 | 40 | 70| 80| 10| пој пој 130) 130 250 
25 то | 30 | 35| 5| 85) wo| 10) 130] 130 250 
30 - | 25 | 20| 30) 60) s| 100) 120) 130 20 
35 2 | .. 5| 60) 90) 10) 130 20 
^» "|. -| 4| 70| 90| по 20 
5 | 30 | 20) по 190 
| 50 | 50) по 150 
| 55 | | e 90 » 
| @ : Il 75 
| 20 | | [* | 
| | 
| Hsteprice range for those pumps is from $25 to $100 (without motor), 
Table 52. Belt-driven, Single-suction Centrifugal Pumps 
Worthington Pump & Machinery Corporation 
Ha, 2h. 3h. аһ. в. 
Head, 
ft. "| Gal. 
per Hp Rpm. Ер, 
min. 
10 |050 1100 210 
10 | 15 0:50) 1200 290 
20 (0:50) 1300 302 
25 0150 1390 
10 fo. Mi 1510 380 
20 | 17 0:75 1570 410 
25 |0°75| 1690 430 
35 1.0 | 1900 
10 [0.75] 1780 46 
30 | м 1:0 | 1830 500 
25 12 | 1950 524 
35 13 | 250 


solis pumps ar о supplied in 19,29, 5- and n. sises, List prices for these pumps range from 


2250 


Head, quantity, speed, horsepower and list price for typical centrifugal 
pumps of standard types are given in Tables 51, 52, and 53. 

Special Centrifugal Pumps. Those considered here include sump 
propeller-type pumps, including centrifugal deep-well pumps; and 
special chemical pumps. 

Sump pumps are used for draining relatively shallow pits or sumps and 
generally must handle dirty liquids. А typical sump pump embodies à 
standard single-stage, single-suction volute pump with open or unshrouded 
impeller. This pump is driven from above the pit by а direct-connocted 
motor or belt. A shaft extends down to the pump in the pit from this drives 
encased in a pipe which serves to prevent contact of the shaft with the liquid 
in the pit and to provide а means of support for the shaft bearings. 
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Table 53, Standard Horizontal Ball-bearing Centrifugal Pumps 


Worthington Pump & Machinery Corporation 


| л 
Pump йз and | py 0cycle, oyn., Rangeofeapusi- [Range of дуть 
уро | тэмле № пол ies porin. | mio end, TE 
RI 2 3600 50-180 
181 2 1800 2545 
14 Ul 2 3600. 160-335 
1 01 2 1800 EE 
2 ва 2 3600 15415 
2 Ri 2 1800 40-55 
2 vi 3 3600 180-400 
2 01 3 1800 80-120 
2424 H 3600 170-310 100-160 
24 R H 1800 80165 25-40 
24 R2 3 3600 260-360 155-390 
24 R2 3 1800 125-200 40-100 
314 4 з 350-600 155-265 
311 4 1800 200-330 20:75 
зла H по | 125-285 25-35 
312 5 1800 330-400 85-135 
312 5 1200 210-40 35-60 
313 4 1800 220-460 100-145 
313 4 1200 150-300 40-65 
ата 5 360 610-870 110-140 
Ala 5 1800 350-70 40-25 
АА 5 120 250-500 2535 
412 6 1800 400-800 85-125 
412 é | юш 265-520 3555 
413 6 180 500-750 125-185 
ALS В | шю 310-490 55-80 


| 


Lisi-price range, 114- to &-in. sizes, bed plate and motor coupling included, $225 to $1000. Type Е 
pumps are single suction, single stage. Type U pumps are single suction, two stage. Type L pumps 229 
double suction, single stage. 


The propeller pump, called by some manufacturers the “screw pump." 
а name here reserved for the Archimedes screw, is primarily used for handling 
large quantities at very low heads, work such as is encountered in drainage 
and irrigation. 
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Deep-well pumps are vertical-axis centrifugal pumps. The impellers 
of these pumps are of two types: one, a vaned type similar to that of many 
simple types of standard volute pumps; and the other of the propeller type. 
In deep-well pumps the motor may be mounted above the well or may be 
submerged in the well with the pump, or drive may be by belt, steam turbine, 
or engine. The pumping unit, and with one design the motor also, are sub- 
merged in the water in the well, from which point a discharge pipe extends 
to the surface, acting also as а support for the pump. When the motor or 
other means of driving the pump is at the surface, the pump is driven by a 
shaft, encased in a pipe, and extending downward through the discharge pipe. 

A typical range of capacities is 


Size, Pump and Well Casing Inside Gallons per Minute, 
Diameter, In. Minimum to Maximum 
6 100-300 
8 200-600 
10 450-1200 
12 800-2000 
m 1200-3000 
16 1800-4000 
18 3000-6000 


Centrifugal chemical pumps are available in a great variety of sizes 
and designs. ‘The materials used range through a wide selection of metals 
to hard rubber, glass, and acid-proof stoneware. 

Hard-rubber pumps, with rubber impeller and casing of metal lined and 
covered with rubber, are recommended by the makers for hydrochloric acid, 
aceti, hydrofluoric acid, alkalies, and corrosive salts of all concentrations, 
nitric acid up to 22 per cent, sulfurie acid up to 62 per cent, hydrogen peroxide, 
and chlorine liquors. One well-known design of hard-rubber pump, with an 
impeller diameter of 13 in., has capacities up to 200 gal. per min. 

Glass pumps are made with all parts that come into contact with the 
liquid being pumped constructed of Pyrex glass. This glass сап be provided 
for use with temperatures up to 200°Е, These pumps can be used in the 
handling of many acid products and other liquids that do not attack glass, 
and they are particularly suitable for use with food products and other liquids 
when metallic contamination must be avoided. Glass pumps are design 
for easy and thorough cleaning. 

Chemical stoneware pumps, used for pumping acids, are usually simple 
in design, made for low heads, and have relatively large capacities. 

Special metal pumps for chemicals are available in a wide variety of 
metals such as lead lined, lead-antimony alloy, nickel, bronze, stainless steel, 
aluminum alloy, chrome alloy, copper, tin-lined, and various proprietar: 
alloys. These pumps are available over the entire range of heads and capaci 
ties ordinarily encountered in chemical manufacture and are also designed to 
meet conditions of high temperature and high pressure found in some modern 
manufacturing processes. 


Centrifugal-pump Data and Costs 


, Selecting chemical pumps cannot be properly done from catalogue 
dats, nor can ranges of prices, horsepower, etc., be given in any handbook. 
‘The only method of selecting such pumps that assures the procurement of a 
suitable unit is to assemble complete data as to the conditions under which 
the pump must operate and then purchase, upon guarantee, after consultation 
with several manufacturers of this type of equipment. 
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Reciprocating Pumps 


‘There are two general classes of piston or reciprocating pumps, steam 
pumps and power pumps. In general the action of the liquid-transferring 
parts of these pumps is the same, a cylindrical piston, plunger, or bucket 
being caused to pass back and forth in a cylinder, The device is equipped 
with valves for inlet and discharge of the liquid being pumped, and the opera- 
tion of these valves is related in a definite manner to the motions of the piston. 

‘The water end of a steam-driven double-aeting pump is shown in Fig. 35. 
Aig the plunger actuated by means of the shaft В, which passes out through 
one end of the cylinder C, through a stuffing box which prevents leakage. 
‘The inlet or suction valves are shown at D and the discharge valves at Æ. 

In considering the operation of a reciprocating pump, several efficiencies 
must be taken into account. These ure volumetric efficiency, hydraulic 
efficiency, indicated efficiency, and mechanical efficiency. 

Volumetric efficiency is the relation of the water actually pumped to 
that which theoretically should be moved on a basis of the piston displace- 
ment. It indicates the percentage loss and, when stated ав 1 — еы, їз 
called the slip. То good practice slip should not be over 5 per cent, while 
new pumps, or those kept in good condition, it will be as low as 1 per сеп 

Hydraulic efficiency is the ratio of the actual head pumped to the theoreti- 
cal head and is expressed by the equation 


A 


Ele. = 7F E hydraulic losses 


‘The hydraulic losses are the losses in head in the suction and discharge lines. 
In the suction line, these consist of (a) velocity head, (b) entrance head, (с) 
friction in suction pipe, (d) losses in bends, and (е) losses in suction valves. 
‘The loss in the discharge line consists of (f) loss in discharge valves, (g) velocity 
head, and (A) friction in discharge pipe. 

Indicated efficiency is the relation of the horsepower required to move the 
water actually pumped against the total head to the horsepower calculated 
from the indicator card of the water end. 

Mechanical efficiency is the relation of the indicated water horsepower 
of the pump to the indicated steam horsepower. It shows the losses of power 
transmission incurred in operating the pump. This efficiency varies from 
around 50 per cent for small pumps up to 90 per cent for the larger sizes. 

Total efficiency of a steam-driven reciprocating pump is the product of 
the volumetric, hydraulic, and mechanical efficienc 

‘The suction lift is, theoretically, the atmospheric pressure less the vapor 
pressure of the water. The pump must develop sufficient suction head to 
overcome this lift, and in practice а head of 12 ft. is found to be sufficient, 

Reciprocating pumps are usually provided with an air chamber, as shown 
in Fig. 35. This serves to smooth out irregularities in the discharge of the 
pump and gives a uniform flow. It is always used with single steam pumps 
and power pumps. With low-pressure direct-acting duplex steam pumps, 
it ig not needed. With duplex pumps its volume should be four times the 
displacement of one piston per stroke; with all other types, eight times. 

"Types of Reciprocating Pumps. The ordinary types of reciprocating 
pumps are four, 

1. Simplex, Double Acting. These may be direct acting (i.e., direct 
connected to a steam cylinder) or power driven (through crank and flywheel 
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- Figure 36 is a pump of this type, 


from the cross head of steam engini 
designed for use at heads 
up to 200 ft, In this figure, 
the piston consists of the 
disks A and B, with the 
packing rings С between. A 
bronze liner for the water 
cylinder is shown at D. 
Suction valves are E: and Ёз. 
Discharge valves are Р; and 
Fı. Inthe steam end, a pilot 
valve L is operated by a rod, 
actuated by the piston rod 
M. This pilot operates the 
main valve № to cover or 
uncover the steam ports P. 

With the reciprocating 
pump, either piston or plung- 
ers are used. In Fig. 35 a 
plunger is shown. It ope 
ates past stationary packing, 
while the piston shown in 
Fig. 36 carries its own pack- 
ing, 

2. Duplex, Double Act- 
These pumps differ 
primarily from those of 


Discharge 
J Е 


Fro. 35.—Water end of a double-acting steam-driven 


reciprocating pump. 


| nated. These pumps may be either direct acting steam driven, or power 
| driven with crank and flywheel. 
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А. duplex, outside-end-packed plunger pump with pot valves, of the type 
used with hydraulic presses-and for similar service, is shown in Figs. 37a and 
b. In this drawing, the plunger А is direct connected to the rod B, while the 
plunger С is operated from the rod by means of the yokes D, D and the tie 
rods Е, P. 

3. Triplex, Single Acting. "These pumps have three single-acting plung- 
ers and cylinders and are used to give a uniform flow. They are usually of 
vertical design. The 
drive may be from a 
motor, belt, or steam 
eylinder and is through 
gears or crank and fly- 
wheel. This is the 
common type of power 
pump, an example of 
which, arranged for belt 
drive, is shown in Fig. 
38, from which the 
tion is readily traced. 

4, Triplex, Double 
Acting, Thisis adou- 
ble-acting arrangement 
of the pump discussed 
under class 3. The de- 
sign is generally used 
for horizontal triplex 
pumps. Other features 
are similar to class 3. 

Choice of a Recip- 
rocatingPump. The 
advantages of a direct- 
drive pump lie in good 
епсу over a wide 
ange of operating con- 
ditions and flexibility of 
capacity, head, and 
speed. These advan- 
tages contrast with 
those of the centrifugal 
pumps in lower first ® 
cost, smaller floor space, 37.—Dupler double-acting steam-driyen plunger 
less noise, less attend- pump. 
ance, and suitability Гог 
direct motor drive. A choice must be made in each individual case by a 
balancing of one set of advantages against the other. 

The advantages given for a direct-driven steam pump do not apply to 
power pumps. А triplex, single- ог double-acting pump does not, have flexi- 
bility as to speed or capacity. It does have uniform delivery. Its use is 
indicated in pumping wells, in handling steady flow of liquids, and in serving 
machines operated by hydraulic pressure. 

Simplex, double-acting pumps are most suitable for water service and 
boiler feed. 


el 
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Duplex, double-acting pumps are universally adaptable. "When made 
of the proper materials, particularly as to eylinder linings and valve material, 
апі when of correct design, these pumps are frequently used for tars, oils, 
and other viseous liquids. 

Triplex, single-acting pumps are suitable for producing uniform flow 
When conditions are constant. ‘Triplex, double-acting pumps sre used under 
the same conditions as triplex, 
single-acting pumps but are gen- 
erally of horizontal design. 

Reciprocating-pump Data 
and Costs. Reciprocating 
pumps, particularly of the direct- 
acting, steam-driven design, are 
available in m great variety of 
designs and sizes, to fill every need 
for which such a pump is suitable. 
Becuuse of this fact, it is not 
possible to give within the com- 
pasa of a handbook full tabular D/schange. 
data as to all sizes and styles. In 
the following data as to costs and 
in the accompanying tables of size 
and capacity, the pumps in ordi- 
nary service are covered. For in- 
formation concerning pumps out- 
side the range for which data are 
given, the chemical engineer 
should refer to the pump manu- 
facturers, 

Chemical engineering oper- 
ations include the handling of a great diversity of liquids, having а range of 
properties requiring the use of many materials of pump construction in order 
to withstand the action of the liquid being handled on the pump. However, 
in the great majority of pumping problems, the liquid handled is relatively 
harmless, being water, oil, or of similar nature. For such service the ordinary 
designs of pumps are suitable. 

Simplex, direct-acting, steam-driven pumps, suitable for boiler 
feed and general service, in capacities from 12 to 360 gal. of water per minute 
have  list-price range from $125 to $1000, ‘These pumps can be used for 
handling acids, brines, solutions, oils, dyes, and other liquids (other than 
water), the liquid ends being made of a metal suited to the service require- 
menta. Capacities given are for water and will vary with the liquid pumped 
(see Tables 54 and 55). 

Duplex, belt-driven pumps, suitable for general pumping service, belt 
driven through a single-gear reduction, in capacities from 30 to 450 gal. рег 
min., have a list-price range from $300 to $1100. For data covering this 
type of pump see Table 56. 

Duplex, direct-acting, steam-driven pumps, suitable for genoral 
Service, in capncities from 14 to 170 gal. per min., have a list-price range fom. 
$100 to $500. For data covering this type of pumps see Table 57. 

, Duplex, direct-acting, steam-driven pumps for low-pressure service, 
in capacities from 35 to 295 gal. per min., have a list-price range from $130 
to $550. For data covering this type of pump see Table 58. 


Fig. 38.—Triplex single-noting power pump. 
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Triplex, single-acting pumps, for service up to 200-Ib. ‘pressure, or 
somewhat higher in the belt-driven design with gear reduction, in capacities | 
from 2% to 220 gal. per min., have a list-price range from $90 to $1000. 
‘These pumps as designed are suitable for general water supply or tank service 


Table 54. Simplex, Direct-acting Steam Piston Pumps for Boiler 
Feed and General Service 
Worthington Pump & Machinery Corporation 
Maximum working pressure, 250 Ib. per sq. in, steam and water ends | 


Normal operating 
capadtyt 


Pipe alse, In. 


Sise, la. 


Diameter, | Diameter, | 
неа water ' | Stroke | Steam | Exhaust | Suction 
cylinder | cylinder | 
чи 24 6 | m 40 м E m 1 
ЕЯ зи 7 19 4 И b [^ и 
65 1% 8 ЕН 47 ж 1 ай | 2 
«7% 4 10 48 58 1 n 3 24 
Ki 5 12 61 ri 1 ie | зи |3 
10 6 2 58 E n м |1 зи 
12 7 12 120 6 Ww} 2 5 4 
4 в 12 157 @ 2 24 | 5 4 
16 10 18 367 % 24 3 8 6 


* Maximum liquid pressure, 300 Ib. per sq. in, on these sizes. 

{ For continuous duty, For emergency service increase 30 per cent; for boilerfeod service, decrease 
35 per oent, 

$ These sizes always have bronze rod and piston, 


Table 55. Simplex, Direct-acting Steam Piston Pumps for Low- 
pressure Service 
Worthington Pump & Machinery Corporation 
Maximum working pressure: steam en: 0 Ib. per sq. id end, B-in, diameter or 
below, 100 Ib. per sq. larger sizes, 75 lb. per sq. їп. 


t Normal working а 
Size, In he Pipe siso, In. | 


Diameter, | Diameter, | i 
steam water | Stroke sped, ft, |: Steam. | Exhaust | Suction 
cylinder , | cylinder per niin. 


Dis- 
charge 


ви зм 4 7 » и ni 1 
и % 6 28 40 M за | 2 
54 E 1 54 4 A [5 за 
$ $ 12 в 60 1 34 | 3 
74 7 1 |our 58 14 4 3 
8 12 57 60 We |$ 4 
10 10 2 | 26 60 па | 6 6 
10 10 18 | 367 90 ns 5 6 
10 2 ША 352 60 ni 8 $ 
10 12 84| 328 90 1% 8 6 
2 12 12 352 @ 2 E 6 
12 12 18 58 | о 2 8 6 | 


| | | 


Capacities máy vary, dependent on liquid handled. 
те bronze rod and piston. 


* For continuous du 
These sizes always 
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Table 56. Belt-driven Duplex Piston Pump 
Worthington Pump & Machinery Corporation. 


Size, fn. Displacement Pipe sise, in. 
Mazi- 
= Nem ium 
per’ | Gal. per 
Diameter.) gage | eper | теты | Suction | Dir 
| | Rpm, "шш | Кола, | Саре! 
3 | | 
3 4 10 | ов | 6 я | л2 | sj 2 [РА 
эң 4 15 | 073 | 7 54 | 12 | 74 | 25 18 
4 6 B0 | 15 | 6 5Û & 109 | 2 ls 
5 6 м | 200 | 6 | 120 | в) mij 2 
$ 6 75 | 288 | бо | из | & | 250 | 4 3 
1 6 w | 3:4 | 6 | 26 | м | m| 6 5 
8 6 75 | 5:16 | о | o | в | 48 | 6 5 


+ Liquids which are viscous or hot require speed below normal. Do not use maximum speed for appli- 
cations where quiet operation is essential, or where suction conditions are difficult, 


Table 57. Duplex, Direct-acting, Steam-driven Piston Pumps for 
General Service 


Worthington Pump & Machinery Corporation 
Maximum working pressure: liquid end, 260 Ib. per ва. in.; steam end, 200 Ib; per sq. in. 


Normal operating. 


Sise, n. ee se, ln. 
Diameter, | Diameter, Piston | 
steam ^| water | Stroke | ОЗ рее | speed, ft. | Steam | Exhaust | Suction | Discharge 
cylinder | cylindoe. D | 
24 4 4 3 » м p» n 
En 4 21 33 i м та 
зи 5 7 38 5 n En 1й 
5 $ 52 E] 1 I3 3 2 
m 10 7 58 и | 2 4 3 
54 10 B 58 2 2и 4 3 
6 10 т E] 2 24 5 4 


* These sixes always have bronze piston rods und water pistons, 


on hot or cold water and for feeding small boilers, With slight changes 
these pumps can be adapted to the pumping of oil and other liquida. For 
data on pumps of this type see Tables 59, 60, and 61. 


Rotary Pumps 


Rotary pumps differ from centrifugal and reciprocating pumps in that they 
will deliver а positive quantity of liquid under conditions of varying head or 
pressure, These pumps will handle any liquid that contains no grit or abra- 
sive material. 

This type of pump consists of a stationary casing in which are located 
опе or more rotating members. When one rotating member, or impeller, 
is used, it is mounted eccentrically on the shaft. The impeller in this type of 
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Table 58. Duplex, Direct-acting, Steam-driven Piston Pumps for 
Low-pressure Service 

" Worthington Pump & Machinery Corporation 
Maximum working pressure: liquid end, 126 Ib. per sq. in.; steam end, 200 Ib. per ка. in. 


"Normal operating kr 
Size, fn. pe Pipe size, in, 
ч 1 
Diameter, | Diameter, | ба xl Fiston 
‘steam water '| Stroke | Per | speed, ft. | Steam | Exhaust | Suction | Discharge 
cylinder cylinder | | рег min. | 
чи 334 4 35 » p м | 2и na 
5и 484 5 63 34 ч Ін 3 2 
$ 5% 6 97 36 ји 4 ] 3 
74 6 10 154 52 2 5 ] 4 
24 1. 10 200 52 | 2 6 5 
9 8м 10 295 52 24 6 5 
| 


* This size always has bronze piston rods and water pistons. 


Table 59. Triplex, Single-acting Plunger Pumps 
Worthington Pump & Machinery Corporation. 
Belt. drive;* with tight pulley and single-gear reduction, suitable for 250 Ib. per sq. in. 


pressure 
Siss, f. Displacement Pipo et, In. 
Normal Maximum 
Пт | Stroke |ы Р ERE эши] пар 
г | Rpm. al be 
+ | dn L 
ни | оо dw 235 w | 412 | 
14 м | ео | 5 | 5385 Qo | 936 | 


* Сап also be driven by pulley on crank shaft, or with double-reduction gears and direct-connected 


motor, 
T This візе can be operated safely to 300 Ib. pér ва. in. pressure on intermittent service. 


pump is usually circular in section and is provided with a reciprocating blade 
ог blades or a horizontal abutment. Figure 39 shows the cross section of 
a pump of this type, While there are many designs, an explanation of that 
shown in Fig. 39 will serve to indicate how these pumps operate. A is а 
cylindrical impeller mounted ecgentrically on a shaft. As it rotates, Ив 
wearing surface B wipes around the circumference of the casing and the 
blade С moves up and down in the sleeve Р, which is free to rotate in a socket. 
Water enters as shown by the arrow.. When the impeller is at the top of the 
stroke, water flows into the casing. As the impeller wipes down, past the 
suction opening, this water is forced around the casing and is discharged ай D, 
through opening £, and out through discharge G. 

When two or more impellers are used in а rotary-pump casing, the impellers 
will take the form of toothed-gear wheels as in Fig. 40, of helical gears, or 
of lobed cams. In either case, these impellers rotate with extremely small 
clearance between each other and between the surface of the impeller and 
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the casing. Referring to Fig. 40, the two toothed impellers rotate as indi- 
cated by the arrows. The suction connection is at the bottom. As the 
spaces between the tecth of the impeller pass the suction opening, water is 
impounded between them, forced around the casing to the discharge opening, 
and then forced out through this openi The arrows indicate this flow 
of water. 

Wherever the pumping problem involves the delivery of в specified quan- 
tity of liquid in a definite time, 
the rotary pump should be con- 
sidered, although, if the head does 
not vary, в centrifugal may be 
found more suitable in certain cases. 
Advantages of the rotary pump are 
low first cost, low attendance cost, 
durability, and simplicity. 

Rotary pumps are available in 
two general classes, interior bear- 
ing and external bearing. The 
interior-bearing type is used: for 
handling liquids of a lubricating 
nature, while the exterior-bearing 
pe is used with non-lubricating үн ме ишу 
liquids, "The Ynteriorbearing ^ днн ындыы ЫШЫ ih 
pump is lubricated by a part of the 
liquid being pumped, while the exterior-benring type is oil lubricated by an 
attendant, 

Among the liquids handled by rotary pumps are mineral oils, vegetable 
oils, animal oils, greases, glucose, molasses, paints, varnish, shellac, lacquers, 
alcohols, catsup, brine, mayonnaise, 
sizing, soap, tanning liquors, vine- 
gar, and ink. Tt should be kept in 
mind that rotary pumps are not 
suitable for handling liquids carry- 
ing grit or abrasive material. 

Rotary-pump Data. With 
rotary pumps of the simple cam or 
two-lobed impeller design, operat- 
ing against heads of 10 to 200 ft., 
the efficiency is каза to range from 
75 to 85 per cent. 

With rotary pumps of the gear 
type, volumetric efficiencies range 
from 90 to 95 per cent and over-all 
efficiencies range up to 70 per cent. 
This class of pump will operate at 
pressures пр to 350 Ib. per sq. їп. 

Rotary pumps of the gear type, 
made by а well-known manufac- 
turer, and one of the most common 
types employed in chemical work, are available îh capacities from 4 to about 
850 gal. per min. when operating at 60 Ib. рег sq. in. pressure, These pumps 
have a list-price range from $75 to $800, without motor. 


Gear-type rotary pump, having two 
impellers, 


Dj 
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Table 60. Triplex, Single-acting Plunger Pumps* 
Worthington Ришар & Machinery Corporation 


Size, In, Displacement Pipe size, in, 


Suction | Discharge 


2 5 | 012 | 75 13.6 1и 14 
b 4 | o3w | в 34 2 14 
4 4 | 052 | в $65 24 2 
2 6 | 099 | 58 8510 3 25 
* Driven by belt through single-gear reduction or by motor with double-gear reduction, 
ое 
1 Maximum pressure 150 lb. per ва, in. 
Table 61. Triplex, Single-acting Plunger Pumps 
Worthington Pump & Machinery, Corporation 
Belt-driven, single-ear reduction, suitable for 200 Ib, per sq. in. pressure 
She, fn. Displacement. Pipe, tn. 
Masimura. 
Diameter, 8 Gal. per. Ы 
ыы Stroke | OM pon Suction , |’ Discharge 
| Врла" | Gal. per min, 
34 4 | 0.50 102 я H E 
1 6 | 097 87 м 4 3 
5 6 1:53 87 133 4 4 
6 8) | 28 25 220 в в 


* Ligia thak аге bot or viscoas Fequire lower speeds. 
1 Has Banged openings. 
Handling Liquids with Fluid Pressure 

In addition to the liquid-handling devices, such as pumps, that depend 
on the mechanical action of pistons, plunger, or impellers to move the mate- 
rial, there is a large group of devices for this purpose that employ fluid pres- 
sure to move the liquid. ‘This group includes air lifts, acid eggs, jet pumps, 
pulsometers, and diaphragm pumps among others. 

The Air Lift. This ista device for raising liquids by means of com- 
pressed air. Its ordinary use is in pumping wells. А simplified sketch of an 
air lift is shown in Fig. 41. Referring to this sketch the running submergence 
Н, is the distance from the water level to the point of an air inlet, and the 
total lift H, is the distance from the working surface of the water to the point 
of discharge. Ап empirical formula to express the volume of free air required 
to lift 1 gal. water has been developed by the Ingersoll-Rand Company 
from practice, According to this formula 

н, 
H, +34 
34 


Va = 0.8— 
€ loj 


i 
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where Va is the volume of free air in cubic feet and С is а constant, values for 


which, varying with the total, head are 
ный. с [Е 
10-60 245 1 
| 


61-200 233 


201-500 216 
501-650 185 
651-750 156 


Tn designing an air lift, the submergence, 
as expressed by the ratio H,/(H, + H,) should 
vary from 0.66 for a lift of 20 ft. to 0.41 for 
а lift of 500 ft. The results given by this 
formula approximate those found in practice, 
but variations occur caused by the design of 
the foot pieces. Two designs for foot pieces 
that are employed with air lifts are shown in 
Fig. 42. The air pressure required to operate 
an air lift is given by 


Р =B - 0.4348 


where 

P ia in Ib. per sq. in. abs. 

B is the barometric pressure, Ib. per sq. in. 2 

е is the submergence, ft. Tig, ал лунае Фонон гор 
The efficiency of an air lift, ie, the 3^ lft, showing submergence 

ratio of the water horsepower to the indi- : 

cated air horsepower of the compressor, is about 70 per cent, except ab 

starting, when it is considerably lower. Higher air pressure is also required 

for starting, when the pressure must be equivalent to the height of the water 

level, at rest, above the end of the air pipe. 


Fra. 42,—T wo of the many designs of foot pieces used with air lifts, 


z to Fig. 42, the foot piece shown at the top is a modification of the 
Saunders type, in which a central water discharge pipe is surrounded by an 
Bir passage. That at the bottom of the figure is a modification of the Pohlo 
type of foot piece, in which air enters the water discharge pipe at the side and 
the air and water pipes are placed side by side in the well. The accompanying 
Table 62 shows values for capacities and pipe sizes for air lifts, 
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Table 62. Pipe Sizes and Capacities of Air Lifts 
Marks, “Mechanical Engineers’ Handbook," MeGraw-Hill 


Side alr Inlet (Poble type), in. | Concentric sir pipe | Central alr pipa 
Di Lm 
Dim. | Diam- | Diam- | economical 
eter alr | ёт, | eten | capacity 
Pie | Tipe | wel | ft, gal per 
min. 
и 1 3 7 
M 1и 4 20 
1 2 44 35 
H 24 5 60 
и 3 6 90 
па 314 7 120 
Г 4 8 160 
1% 5 9 250 
2 6 10 350 


Since air lifts are built to suit the specific requirements of the work to be 
done and are not standard, no useful price range сац be given. Prices should 
be obtained from the manufacturer upon specifications. 

Air lifts may be used for handling various chemical liquids, where special 
circumstances make such practice advisable, This service is more generally 
performed, however, by a centrifugal or а reciprocating pump. The most 
common use of the air lift is for pumping wells for water supply, where its 
low attendance cost, low upkeep, extreme simplicity, and continuous opera- 
tion serve to offset its relatively low over-all efficiency. Particularly in 
plants where there is other demand for compressed air, the air lift for water 
service has been found to give satisfactory results, for in such cuses there is 
no extra сове for compressor attendance, 


Displacement Pumps 


This class of liquid-handling device operates by forcing the liquid that is 
Хо be moved from one point to another by means of pressure exerted by a 
gas or vapor. These pumps include acid eggs, liquid elevators, pneumatic 
pumps, inflammable-liquid pumps, Humphrey gas pumps, and pulsometers. 

The acid egg is the device in this class that is most frequently encountered 
by the chemical engineer. It consists of an egg-shaped container w 
can be filled with a charge of the liquid that is to be pumped. This container 
is fitted with an inlet pipe for the charge, an outlet pipe for the charge, and 
а pipe for the admission of compressed air or gas. A semiautomatic form of 
acid egg is shown in Fig. 43, which shows a check valve in the acid inlet and 
а pressure gage on the air line between the egg and the control valve in the 
air line, This arrangement permits the operator to close the air line when 
the egg is emptied, for the gage will then show в lower pressure than when 
the egg is operating and a pressure is registered due to the height of the acid 
in the discharge pipe. 

Acid eggs are also designed to be fully automatic, turning the air and the 
acid on and off as required. However, all designs of this equipment suffer 
under the disadvantage of being low in over-all efficiency and intermittent. 
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With the development of the centrifugal pump in materials of construction 
suitable to withstand the action of sulfuric acid and other highly corrosive 
chemicals, the need for the acid egg has passed and the centrifugal pump is 
usually chosen for such services. 

Automatic elevators, pneumatic ejectors, Kestner elevators, and 
inflammable-liquid pumps are all variations of the principle employed 
in the acid egg. The same reasons that cause the acid egg to be rarely 
employed-in modern chemical plant practice cause these devices to be of 
little beyond theoretical interest to the practicing chemical engineer. 

The Humphrey gas pump is а type of displacement pump which aroused 
considerable interest some twenty years ago but which never has been adopted 
to any great extentin the United States. In the simplest form of this device, 
the movement of the liquid being pumped is caused by the direct expansion of 
а gas during combustion. 

The pulsometer is а form of displacement pump operated by steam. It 
consists, generally speaking, of two chambers formed within the same shell 
and of exactly similar dimensions. These two chambers are each equipped 
with inlet and discharge valves, and the shell is provided with a flap- or ball- 
controlled steam valve which may admit steam to either of the chambers 
but not to both of them at the same time. Steam is admitted alternately 
to these chambers under control of the steam valve, When it enters ono 
of the chambers, it forces the water з 
in it out through a check valve into | 5 
the discharge pipe, When the де. 
chamber is emptied, the steam М М 
enters the discharge pipe and thus 
causes à suction in the empty 
chamber. ‘This results in revers- 
ing the steam valve and, at the 
same time, sucking a fresh charge 
of water into the chamber that has 
just: been emptied. 

Pulsometers have an extremely 
low efficiency and are generally not 
used in production work. How- 
ever, for pumping water from pits, 
foundations, excavations, ete., dur- 
ing construction work and in 
emergencies, they are very useful, ав no foundation or setting is required and 
the pump can be hung in any convenient place by a hook and connected by 
flexible steam hose to the nearest available steam main. 

Jet pumps are another class of liquid-handling devices that make use 
of fluid pressure as an operating medium. Ejectors and injectors ure the 
two types af jet pumps of interest to the chemical engineer. ‘The ejector, 
also called siphon, exhauster, or eductor, is designed for use in operations 
where the head pumped against is low and is less than the head of the fluid 
used for pumping. The injector is a special type of jet pump, operated by 
steam and used for boiler-feed and similar services, in which the fluid being: 
pumped is discharged into a space under the same pressure as that of the 
steam which is used to operate the injector. 

Figure 44 shows a simple design of jet pump of the ejector type. The 
Pumping fluid enters through the nozzle at the left, passes through the venturi 
nozzle at the center and out the discharge opening at the right. As it passes. 


Air 


Fic. 43.—A semiautomatic form of acid exe, 
with manually controlled air supply. 
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into the venturi nozzle, it develops a suction which causes some of the fluid 
in the suction chamber to be taken into the venturi nozzle and, entraining with 
the steam passing through the discharge, be delivered through this discharge. 

‘The efficiency of an ejector or jet pump is low, being around 1 or 2 per cent. 
‘The head developed by the ejector is also low, except in special types. ıı The 
device has the disadvantage of diluting the fluid pumped by mixing it with 
the pumping Яша. In steam 
injectors for boiler-feed and simi- 
lar services, where the heat of the 
steam is recovered, the efficiency 
is close to 100 per cent. Types 
oi jet pumps have also been 
developed. for use as vacuum 
pumps, in whieh service high 
efficiency is obtained. 

The simple ejector or siphon is 
widely used, in spite of its low 
efficiency, for transferring liquida 
from one tank to another, for 
lifting ‘acids, ulkslies, or solid- 
containing liquids of an abrasive nature, and for emptying sumps. Table 63 
gives the capacities for à common type of steam-operated water ejector, 


Fig. 4i.—Simple type of ejector for water 
seryice, 


Table 63. Steam-operated Water Ejectors 
Schutte & Koerting, 
ion and discharge pipes 


Steam pressure, Ib, per sq, in., gage. 


u | e ю | и 200‏ 20 ا 
sf |‏ 


Gal. water pumped per hr.. 


{т 220 ТЕ 
if g= 9 1520 1300 1150 900 
1330 =31 1450 1300 1150 

1470 =7) Ми 1300 

вр o= 8 700 i250 1060; 90 780 
16+ 0- 16 ме 920 29 600 

9+ o=19 680 540 450 


Miscellaneous Liquid-handling Devices 


In addition to the forms of liquid-handling equipment already described, 
which include all the most used forms for chemical engineering work, there 
are many other types in existence, including diaphragm pumps, hydraulic 
rams, hydrautomats, screw or spiral pumps, spiral circulators, scoop wheels, 
chain elevators, and many others, 

Of these, the diaphragm pump is the only device of much present impor- 
tance to the chemical engineer. A simple diaphragm pump of the vertical 
type is shown in Fig. 45. In this pump, А is a flexible diaphragm, bolted 
to the casing as shown. This diaphragm is movable, up and down, through 
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the action of the yoke and rod shown. B is a rubber discharge valve and С 
is the inlet valve. The action of 
the pump is obvious from inspection 
of the figure. 

Diaphragm pumps of this simple 
type are used for emptying tanks 
and ‘sumps, pumping out: exeava 
tions, and similar services, 

Diaphragm pumps for handling 
chemical liquids, particularly those 
of в corrosive or abrasive char- 
acter, are designed so that the 
liquid being pumped does not come 
in contact with the moving metallic 
parts of the pump. In such 
pumps, a plunger works back and 
forth into a fluid-filled chamber, 
one side of which is formed by 
the diaphragm. ‘This causes the 
diaphragm to move back and forth, 
thus actuating the liquid to be 
pumped, which is in a chamber on 
the other side of the diaphragm. 
‘Table 64 gives capacities and other 
data for four sixes of this latter 
type of diaphragm pump. 


Table 64. Capacities of Single-acting Diaphragm Pumps 
Е. W. Brackett & Company. 


Fro. 45.—Vertical-diaphragm pump. 


Pulleys 
Diameter | Stroke of À 
Gal. рег hr: of plunger, | plunger, | Rpm | Hg. | Ме, | — 
[3 dn. Diameter. Width 

i. fo, 
280 24 4 90 n 14 16 2 
450 3 44 во 1% ni 2! 2! 
620 зи 5 70 24 24 24 зи 
830 4 6 60 24 2% 30 4% 


MOVEMENT OF GASES AND VAPORS 


The movement of gases and vapors is basic to such chemical engineering. 
industries as fuel-gas manufacture, by-product coking, and petroleum refining. 
The manufacture of many other chemical products involves the movement: 
of gases and vapors, which may be the materials processed, or may be used 
in the processing of other materials, as air for agitation, gas for bleaching, 
Ammonia or other refrigerants for cooling, gas for fuel, and many other 
Applications, 

These gases may be raw materials, as in the case of natural gas or aire 
they may be materials undergoing processing, as in the case of unstripped 
soke-oven gas; or they may be finished products such as manufactured gas, 
carbon dioxide, or acetylene. 
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‘The compression of gas which occurs as part of the manufacture of such 
synthetic products as methanol and synthetic ammonia will not be considered 
in this section of the handbook, as it is essentially a step in processing, not a 
movement of materials. A separate section covers high-pressure technic of 
this type. (See Sec. 14.) 

Movement of gases and vapors is accomplished by means of five general 
types of equipment: fans; positive rotary blowers; centrifugal or turbo- 
compressors; reciprocating compressors; and jets. 


Fans 


Fans are of two general types: centrifugal fans and disk or propeller 
lans. Fans are used for low pressures, generally speaking for pressure heada 
of 5-in. water gage or less, although some heavy-duty types operate at pres- 
sures up to 10in. Centrifugal fans are suitable for ventilating work with duct 
systems, for supplying draft for boilers and furnaces, for moving large volumes 
of air or gas at low pressure through piping or duct systems, in supplying 
air for drying, in conveying material while suspended in a stream of air, in 
removing fumes and dust from working spaces. Centrifugal fans are used 
for all this class of working except where large volumes are handled at low ргев- 
sures, as in exhausting a room or other open space, or in blowing air into a 
building for ventilation purposes, when propeller or disk fana are more 
efficient. This latter design is not used with piping or ducts. 

Centrifugal Fans. These íans are made in three general styles: tho 
straight-blade or steel-plate fan; the forward-curzed-blade fan; and the backward- 
curved-blade fan. 


Тло, 46,—Straight-blade or steel-plate fan used for exhausting and draft, 


"The forward-curved-blade fan finds its greatest use where large volumes of 
air are moved at slow rotative speeds. In ordinary industrial work it is not 
now as frequently encountered as formerly, although still widely used. The 
straight-blade or steél-plate fan (Fig. 46) is now generally built in the type called 
the mill exhauster. This fan has relatively few blades, from six to ten as n 
general rule. These blades are relatively long and narrow. The design is 
most used for exhaust work and handling industrial wastes such as shavings, 

Many of the centrifugal fans that are now designed for ventilating, draft 
production, gas handling, and general industrial work are of the backward- 
curved-blade type, as, when properly designed, such fans are found to have the 
best characteristics over the widest range for general purposes. These fans 
as now designed tend to have a relatively large number of relatively shallow, 
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wide blades. They are often equipped with inlet vanes or guides which 
improve the working characteristics and decrease the sound of operation. 

The theory of operation of a centrifugal fan is much like that of a centrií- 
ugal pump, the pressure developed arising from two sources: These are 
centrifugal force due to the rotation of an enclosed volume of air or gas, and 
velocity imparted to the air or gas by the blades and partly converted to 
pressure by the volute or scroll-shaped fan casing. 

The centrifugal force developed by the rotor produces a compression of 
the air or gas which, in fan engineering, is called the static pressure. The 
amount of this static pressure developed depends upon the ratio of the velocity 
of the air leaving the tips of the blades to the velocity of the air entering the 
fan at the heel of the blades. Therefore, the longer the blades, the greater the 
Static pressure developed by the fan. 

‘The kinetic energy or velocity imparted by the blades to the air or gas is 
more than sufficient to carry the air or gas through the рїре ог duct system 
seived by the fan. Casing designs are based оп the necessity of reducing 
this velocity, changing some of it to static pressure, and thereby increasing the 
pressure of the air delivered by the fan. 


Fic. 47.—Multiblade fan of "Sirocco" type for general fan service. 


Multiblade fans (Fig. 47) with short, forward-curved blades, a type that is 
widely used, run at higher speeds than fans with other types of blades. They 
are suitable for direct connection to motors or turbines. They develop more 
static pressure within the blades for the same capacity and operating pressure. 

Operating efficiencies of fans lie in the range from 40 to 65 per cent. 

Operating pressure, sometimes called impact pressure or head, is the sum 
of the static pressure and velocity head of the air leaving the fan. It is 
generally expressed in inches of water gage or in ounces per square inch, 

1 оз. per ва. in, = 1.732 in. water with air at standard density (0,075 lb. 

per eu. ft.). 

Head of 1 in. water — head of 69.3 ft. air. 

"The total pressure for a straight-bladed fan is given by 


= Ui) + MUS — а — MY? = (V? 
y 
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Па = linear velocity at tip of blades. 
М = percentage velocity pressure conversion in scroll. 
N = ratio of actual to effective area of inlet. 

The air horsepower of a fan is given by 


А cubic feet per minute X total pressure in pounds 
Air horsepower — — a 


= 0.000157 X cubic feet per minute X total hend in inches 


The mechanical efficiency of a fan js given by 


air horsepower. 


М S ibrale-hossepower. 


Pressure efficiency oí а centrifugal fan is the pressure developed by the 
fan divided by the pressure against a plane surface due to a velocity equal 
to the peripheral speed of the wheel, or 


о X head of air in feet 


P.E. == T 


Fan Performance. The performance of a centrifugal fan varies with 
changes in conditions such as temperature, speed, and density of the gas 
being handled. It is important to keep this in mind in using the catalogue 
data of various fan manufacturers, as such data ate based on assumed stand- 
ard conditions, such as 70°F. and 29.92 in. barometric pressure, or 68°F. and 
50 per cent relative humidity. Corrections must be made for variations from 
these assumed standards, The Buffalo Forge Company gives laws of fan 
performance by means of which these corrections ean be made in the following 
convenient form: 


When speed varies: 

1. Capacity varies directly as the speed rati 
Pressure varies as the square of the speed ratio. 
Horsepower varies as the сиђе of the speed ratio. 

temperature of air or gas vari 

Horsepower and pressure vary inve 

еараейу being constant). 
When density of air or gus varies: 

Horsepower and pressure vary directly ns the density (speed and capacity: being 

constant). 


ly as the absolute temperattire (Speed and 


Selection of Centrifugal Fans. It is a common practice among fan 
manufacturers to publish complete data in tabular form showing capacities, 
pressures, speeds, and horsepowers of their fans under standard conditions 
of temperature and air density. These tables are of great use to the heating 
and ventilating engineer and to others who specialize in fan engineering. 
Those who do not specialize along these lines, including the chemical engineer, 
should not attempt to select fans from these tables. The proper course to 
follow is to put full data concerning the job to be done in the hands of fan 
manufacturers and allow them to specify the fan which they are willing to 
guarantee to do the required work at the best obtainable economy, А eom- 
parison of seyeral such proposals from manufacturers will indicate the best. 
choice. 

Disk or propeller fans should be chosen by the chemical engineer in the 
same manner аз has been indicated for centrifugal fans. 
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Special fans for chemical service can be obtained from various fan 
manufacturers on specification to handle practically any gas ог vapor. Such 
fans аге, in the main, similar to standard fans but аге either constructed of, 
or have the working parts covered with, a material that will resist the corro- 
sive or abrasive action of the material being handled. Such fans are not 
standard, and each such case should be placed fully before several manu- 
facturers of fans before a choice is made. 


Positive Rotary Blowers 


Positive rotary blowers and compressors are similar in action and 
design to rotary pumps. In fact, any cycloidal, gear, or other rotary pump 
can be used as в blower and, if properly designed, зв'а compress 

"These blowers have a pressure range from 14 to 1515. per sq. in 
stages and an equivalent vacuum range when used as exhausters: 

Rotary blowers and exhausters find among their important applications 
handling gases, drying, supplying 
blast for furnaces, forges, and ovens, 
aerating and agitating, pneumatic 
conveying (when the blower is so 
placed that the material does not 
pass through it), ore refining, 
Sewage treatment, ventilation, low 
vacuum service, by-product coking, 
цав boosting in distribution and 
ransportation systems, gas com- 
pression, und petroleum refining. 

By reference to Fig. 48, the 
operation of the most usual type 
of rotary blower or compressor will 
be evident, The arrows indicate 
the direction of rotation of the 
impellers and the direction of move- 
ment of the gas. As the impellers 
revolve in opposite directions on 
their parallel shafts, air із drawn into the pockets between them und the 
casing and delivered positively to the opening of the discharge. ‘The result 
is a practically constant flow, without surges. 

‘The advantages of these blowers lie primarily in their simplicity and rugged- 
ness, Wear is at a minimum, and constant, service.can be obtained from 
them over long periods without loss of efficiency or renewal of parts. 

Within the ranges for which different types of rotary blowers are built, 
their efficiencies are relatively high and their power requirements low. Gen- 
erally speaking, at pressures from 8 oz. per sq. in, up, rotary blowers aro 
more efficient than fans. Also the blower has an advantage in that it will 
handle а constant yolume under varying pressure conditions, which а fan 
will not do. At pressures below 10 lb. рег sq. in., the rotary blower is more 
efficient than the reciprocating compressor, but above that point the cont- 
Dressor has the advantage. The efficiency of the rotary blower is best at 
3 or 4 Ib. pressure or vacuum, when it lies in the range of from 84 to 86 per 
cent in the case of large machines. For small machines the efficiency is 
less, us the leakage past the impellers is relatively greater. 

Horsepower for rotary blowers varies with yolume and pressure, being 
roughly about 5 h.p. per 1000 cu. ft. free air delivered per minute at 1 Ib. 
ber sq. in, pressure. 


single 


48.—Cycloidal type of positive rotary 
blower. 
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Positive rotary blowers are available in many types. In general, the 
range of working pressures or suctions for which they are designed runs from 
1 Ib. up to 15 Ib. per sq. in. The capacity range will run from 10 cu. ft. 
up to about 10,000 cu. ft. free air per minute in standard sizes, while special 
machines will have capacities up to 25,000 or 30,000 cu. ft. free air per minute. 
Compound, two-stage units can be obtained in capacities up to 50,000 cu, 
ft. per min. and for pressures up to 30 Ib. per sq. in. 

In the most common type, having two two-lobed impellers (of which the 
Roote-Connersville-Wilbraham is a well-known example), the following ranges 
are available: 
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Victor-Aeme blowers for general servie 
Low-pressure range: 
Pressures, 1 to З Ib. per sq. in. 
Capacities, 15 to 700 cu. ft. per min, 
Horsepower, 0.2 to 13 h.p. 
List prices (single pulley), $40 to $440. 
Medium-pressure range: 
Pressures, 1 to 5 lb. per ва. in. 
Capacities, 12 to 410 cu. ft, per min. 
Horsepower, 0.1 to 12.5 h.p. 
List prices (single pulley), $40 to $425 
High-pressure range: 
Pressures, 1 to 7 lb. per ва. ini 
Capacities, 15 to 245 cu. ft. per min, 
Horsepower, 0.2 to 10 h.p. 
List prices (single pulley), $50 to $420. 
R-C-W. standard-duty blowers: 
Pressures, 2.2 to 10 Ib. por ва. in. 
Capacities, 272 to 8050 eu. ft. per шїп. 
Horsepower, 7.8 to 114 h.p. 
No list prices available for this type. 
R-C-W heavy-duty blowers: 
Pressures, 3 to 10 lb. per sq. in. 
Capacities, 295 to 7920 cu. ft. per min. 
Horsepower, 12.2 to 152 h.p. 
No list prices available for this type. 


Centrifugal (Turbo) Compressors 


Centrifugal compressors are similar to centrifugal pumps in desi 
that proportions and strength of parts are varied to suit the requirements af 
handling gases rather than liquids. The theory of operation is in general the 
same for the two machines, except that the compressor is handling a readily 
compressible fluid, whereas the pump handles fluids which are but slightly 
compressible. Centrifugal fans (see pp. 2266 to 2269) are in reality but 
special case of the centrifugal compressor, designed to operate at good effi- 
ciency and economy at low pressures, The machines usually known as 
centrifugal compressors are high-speed machines operating in the pressure 
range from 1 to 5 Ib. per sq. їп. when built in single stages and having capaci- 
ties up to 12,000 cu. ft. per min. Multistage types of these compressors 
are built for pressures up to 17516. per ва. in, The usual range for the multi- 
stage machines is up to 30 Ib. per sq. їп. and 50,000 cu. it, per min. 


д, except 
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Centrifugal compressors have the advantage of being suitable for direct 
vonnection to electric motors or steam turbines. ‘The space requirements 
jn-such cases are relatively small. They maintain approximately constant 
pressure when operated over a broad range of capacity, if the speed is main- 
tained constant. | With intermittent delivery, the flow may be shut off with- 
out stopping the compressor or wasting gas. 

Centrifugal compressors find their chief uses in the chemical engineering 
industries in manufactured-gas plants, at by-product coke works, and at 
blast-furnace and steel plants. In these industries they are used for blast 
work and gas handling. Conditions of service in these industries аге fre- 
quently ideal for centrifugal compressors and permit them to operate, within 
their suitable pressure range at efficiencies that cannot be matched by other 
compressing devices, However, in many other industries, where conditions 
vary from the ideal by a greater amount, the efficiencies obtained are lower 
and do not compensate for the relatively high first cost of the centrifugal 
compressor. Where these machines can be used to advantage, they give 
extremely good service, and the conditions of any gas-handling installation 
should be examined carefully before equipment is chosen to determine whether 
the centrifugal compressor's characteristics are suitable for the work to be 

опе. 

Centrifugal compressors should be purchased on specification and guarantee. 
While manufacturers have standard designs and sizes of these machines, 
they are not generally manufactured to stock but are built on order, and hence 
it is not possible to give detailed tabular information or list-price ranges. 


Reciprocating (Piston) Compressors 

‘These compressors constitute, with centrifugal fans and rotary blowers, the 
three classes of gas-handling devices in common use. Of theso, fans are 
most used in the low-pressure range, up to 19 lb. per sq. in, pressure, blowers 
in the medium-pressure range up to 10 Ib. per sq. in. pressure, and reciprocat- 
ing compressors, usually referred to as compressors, in the higher pressure 
range. Each of these machines has its best performance characteristics and 
its most economical applications in the range indicated. 

А compressor is similar to a piston pump for water, except that it performs 
Work on a readily compressible fluid, gas, whereas the pump handles a fluid 
that is but slightly compressible. In pumping water, the work done in com- 
Pression is negligible. The main source of heat production is friction, and 
the heat generated in this way is small relative to the mass of the liquid being 
handled. The heat is absorbed by the liquid with no important temperature 
tise, In compressing air or gas, however, the work done on the gas in decreas- 
ing its volume is considerable and appears as heat, added to that due to 
friction losses. As the final volume of the gas is relatively small, the tem- 
perature rise is relatively large. For good efficiency in compression, the gas 
must be delivered at a temperature as near as possible to that of the entering 
цаз, ŭe., the compression must be as near to the isothermal as can be attained. 
For this reason most compressors are water jacketed, or in small sizes are 
Provided with exterior fins or other means to facilitate mir cooling. Such 
cooling is adequate Гог low pressures, not over 90 or 100 Ib. per sq. in., and 
hence such compression is usually carried out in a single-stage compressor, 
*., one in which the compression is completed in one cylinder. For higher 
pressures, the cooling effect is increased by carrying out the compression in 
two or more cylinders, the discharge from the first and largest cylinder passing 
into the next cylinder, and во on, Between each two cylinders, cooling addi- 
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tional to that of the jackets is provided in ап intercooler, a tubular heat 
exchanger, water cooled, through which the heated air passes. Multistage 
compression will usually range from 100 to 500 lb. per sq. їп. in two-stage 
compressors, from 500 to 2500 or somewhat less in three-stage compressors, 
and up to 3000 Ib. per sq. in. or even higher in four-stage compressors, 

"When intercoolers are used in staged compression, the sin usually enters 
each stage at about the original temperature, the compression approaching 
the isothermal, Tf the compression were actually isothermal, it would follow 
the law 


Ps 
B 


If there were no cooling, the compression would be adiabatic, expressed by 


n> (7) 


Actually, the compression line on an indicator card from an air compressor 
lies: between the adiabatic and isothermal curves, with leakage as well аз 
cooling tending to bring it toward the isothermal. Assuming that the lonkage 
is kept at a minimum and the cooling brings the discharge as near to the 
original temperature as possible, Edward D. Thurston, Jr.; gives the following 
theoretical discussion of the work and capacity of air compressors (condensed 
from his discussion of this subject in Peele, Mining Engineers’ Handbook," 
За ed., John Wiley, New York, 1941). Note that the pressure to which the air 
ог gas is compressed, termed receiver pressure, affects the saving due to staging. 
Maximum saving обешта in two-stage compression when: 


constant 


Receiver pressure = (low pressure X high pressure)" 


(Receiver pressure is the pressure in the receiver, which is a surge tank into 
which the delivery of an air compressor is discharged in-order to flatten out 
the surges due to the reciprocating action of the machine and give an approxi- 
mately constant pressure in the system beyond the receiver.) 

Maximum saving occurs in three-stage compression when: 


First receiver pressure = (low preasure)®? X (high pressure)" 
Second receiver pressure = (low pressure)? X (high pressure) 7 

Since there must be clearance in a compressor, not all the air in the eylinder 
can be expelled on each stroke and the volume remaining must reexpand to 
the low. pressure before any fresh sir сап be drawn in. Consequently, the 
air compressed js always less than the piston displacement. The ratio of the 
low-pressure capacity to the displacement is the apparent volumetric 
efficiency. 

‘The entering air comes into contact with the warm cylinder walls and 
the pistons and expands. Hence the quantity of air drawn in, when mensured 
under external conditions of pressure and temperature, is less than would 
appear from the apparent volumetric efficiency, The ratio of the actual 
volume drawn into the eylinder to the displacement is the true volumetric 
efficiency, or 


apparent yolumetric efficiency 


( 


“Engineering Thermodynamics,” MeGraw-Hill. 


‘Prue vol. efficiency 


.3 to 0. E 
аи abs. temp. air supplied 


* After Lu. 
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Air delivered in other than isothermal compression is at а higher tempera- 
ture than that of the supply and when cooled to the original temperature 
decreases in volume. Volume actually delivered is termed the high- 
Pressure capacity hot. When cooled, the volume delivered is called the 
high-pressure capacity cold. These volumes are equal for isothermal 
compression. 

Expressions for work and capacity of single- and two-stage compressors, 
given below, use the following symbols: 
low pressure, lb. per sq. in., absolute. 
high pressure, Ib, per sq. in., absolute. 
receiver pressure, Ib, per sq. in., absolute. 
= clearance, as a fraction of displacement. 
capacity, cu, ft. 
diameter of cylinder, in. 
length of stroke, in 
cycles per minute, 
displacement, cu. ft. per min. 
= value of exponent of volume in equation for the compression curve 
PV* = К = 1.406 for adiabatic compression. 
temperature of entering air, absolute, °F. 
temperature of delivery air, absolute, °F, 
weight per cu. ft. of entering air. 

Ry = ratio, high over low pressure, 

apparent volumetric efficiency. 

specific heat at constant volume. 
w = weight of air. 

In general, subscripts 1 and 2 refer to low-pressure and high-pressure 
cylinders, respectively. 

Work required to compress а given quantity of air is independent of the 
tlearance, but the size of the cylinder required varies with the clearance. А 
comparison of the expressions for work 
for the entire cycle and for the compres- 

| Bion alone, А B 


КЕ» 


aren BOER. 


Work of a complete cycle for adiabatic 5 Е 
Compression = ЈаСло(Та — ТА) where 
У = Joule's equivalent = 778 (approxi- Fio. 49.—1deal compressor card. 


mately), 
For single-stage compressors, non-isothermal compression: 


E 


= зСар(Та — Ti) for adiabatic compression only 


Work per min. 


= 144 0. p). p. 0 
ог 
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Work per cu. ft. 1. p. жаз = 


Work per cu. ft. В. p. gas hot 


Work per cu. ft. h. p. 


cold = 144 ——- 


1 
1 в ao b 


ач 
Displacement рег min., eu. ft. = 5500 


MLE.P. lb. per ва. in. = 


1 
Low-pressure cap. per min, = DE, = | + с — (cRy) | 


_ 1. pa cap. 


D 
High-pressure cap. per min. hot = р Rye | 


1, р. сар. 
— сву“ = РАР 


For two-stage compression, with perfect intercooling and any receiver pressure: 


= ЕЕ 
1. p.d. p. E 
TAE 
Lp. 


Work per min, = 144 
О 


B 


144 


Work per eu. ft, l- p. gas = 
а | 


Work per eu. ft. h. p. gas hot = 


в. p. 
1 ага 
Work per си. "m p. gas cold 


маг 


Displacement per шіп. 


г 


pit + 


ү 1 
High-pressure сар. per шїп. hot = (Lp. و‎ 


Low-pressure сар, per min. 


MOVEMENT ОР GASES AND VAPORS 2275 


4. p. cap) 
LA 


ү 


High-pressure сар. per min. cold = 


M.E.P., referred to first stage: 


4. РЕ. 
qth PEs 
ere Н 1. p. сара 
nt volumetric efficiency, first stage = — 5 BP: 
Di 
L p. а 
efficieney, second stage = = 


. А section through the high-pressure stage of a two-stage compressor, with 
intercooler between stages, is shown in Fig. 50. This compressor is steam 


igh-pressure cylinder of a two-stage steam-driven 
ing air compressor. 


ction through thi 
reciproc: 


driven, with the steam cylinder and the air cylinder for each stage arranged їп 
tandem, The crosshead A, steam piston B, and air piston C are mounted оп 
the single piston rod D. The water jacket for the air cylinder is shown at Æ. 
The low-pressure cylinder, not cut by this section, is shown at F. The inter- 
(Soler G receives the air from the low-pressure cylinder and cools it by the 
Water in the tubes Я, and then it passes into the pipe J and so to the inlet 
valves of the high-pressure cylinder. These valves, shown in the inset on 
"ig. 50, consist of a light steel ring К, held against a seat by springs L. The 
similarly constructed discharge valves are shown at M and the discharge 
connection at N. 

, Not shown in Fig. 50 is the unloading arrangement, which is for the purpose 
1 ова the pressure, either for starting or for regulating while running. 

nloaders may be controlled by hand, mechanically, or magnetically. Com- 
Pressors are also supplied with the necessary governing and regulating devices 
and lubrionting arrangements. 
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* Moisture in compressed air is (о be avoided because it may freeze in, or 
corrode the pipe lines, or it may cause line and meter troubles. Such mois- 
ture is condensed when the vapor in the heated compressed айт condenses out 
as the air cools after leaving the final stage. То obviate this, aftercoolers 
are introduced between the compressor and the compressed-gas piping system 
to remove the moisture that condenses when the compressed gas is cooled. 

Standard air compressors are also used for compressing gas to ordinary 
pressures and for gas handling. For compressing ammonia and for some 
other work, such as the compression of gases to extreme pressures for synthetic 
chemical manufacture, special designs of compressors are available, Dry 
vacuum pumps, in general similar to air compressors, are also available in 
many designs and makes. Tables 65 to 71 give sizes, capacities, and other 
data for several commonly used types of compressors. 


STORAGE OF MATERIALS 
All problems relating to the handling and movement of materials also 
involve in some measure the storage of materials, except for some few cases 


Table 65. Vertical, Single-stage, Enclosed, Belt-driven Compressors 
Worthington Pump & Machinery Corporation 
Tist-price range, $50 to $300 


MOVEMENT AND STORAGE OF MATERIALS 


Я " Hp, of motor at | — Openings in. 
Diameter, | а Перье 
cylinder, | Stroke, | Coding | meh | Rpm | 
ыў per min, 10015. | 15015. | Inlet | Outlet 
24 3 Alr 52 | во | 1 y и 
БА H Air 80 | w| im 1 н 
EA 4 Air 22 550 24 1 ПИ 
зи 4 | Water} 122 | $9 | 25 1 D 
а 4 Air 181 | E и | и 
4 5 | Water | 20 | 50 | di а | па 
СЯ | Water | 520 | 450 | 10 24 | 24 
Table 66, Horizontal, Single-stage, Enclosed, Belt-driven 
Compressors 
Worthington Pump & Machinery Corporation 
List-price range, $600 to $1800 
2 sninga, In. 
Diameter, Displace- Air pressure, [Brake-h.p.at| Openings, 
ender, | Stoke, | ment, | пода | Пре | ied | 
y per min, sain | pressure | Inlet | Outlot 
74 $ 106 350° | в0-100-125 |15.0-17 -18 246 2 
Bj 3 170 300. | 80-100-125 |25 -27 29|. 3 3 
10 10 250 25 | 80-100-125 36 3854 3и » 
11 12 350 20 | 80-100-125 5) -57 40 .. 1 
ви 6 16 350 4-49 | 15385 | 3 
10 9 26 500 45 | 273% 374 ЕД 
11 n 312 285 405 | зев 4 4 
в 2 495 20 4075 | 5470 5 5 
р 9 350 30 045 | 30-42 4 4 
в 10 25 285 35% | 425 6 6 
ко 5974 7 7 
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where the movement is'incidental to the process, or where the movement of 
Taw materials or finished products is direct. It is therefore necessary to give 
Some consideration to the storage methods commonly employed in the chem- 
cal engineering industries and an indication of how the movement into, and 
out of, storage can be conveniently made. 
The materials commonly stored have the following characteristics: 
A. Solid materials. 
1. Bulk, 
2. Containers. 
B. Liquid Materials. 
1, Bulk, 
2, Containers. 
С; Gases, 
1. Bulk. 
2, Containers. 


А, Storage of Solid Materials 


. 1. Solid bulk materials are stored either outdoors in piles; or indoors 
in piles, or in bins or bunkers, 

Outdoor pile storage of solids is usual for coal, stone, ore, wood, sulfur, 
And, where climatic conditions permit without impairment of quality, for 
Some other materials. ‘There are four general methods in common use for 
Sartying out such storage in an economical manner where the quantity to be 
Stored is of a considerable amount. Choice between these methods resta 
Upon the material to be stored, its quantity, the method of delivery to storag 
And the reclaiming method best fitting into the other operations at the individ- 
ual plant, ‘These methods are subject to variation to meet the individual 
needs of the storage problem. The methods are 
‚а. Storage in a pile under a traveling bridge, or gantry, crane with handling 
into, and out of, storage by means of a traveling bucket operated from the 


Table 67. Horizontal, Single-stage, Enclosed, Steam-driven 
Compressors 
Worthington Ри: & Machinery Corporation 
Steam pressure, 00 to 150 Ib. per sq. in. 
List-price range, $1200 to $2700 


Diameter Diameter " 

; - Displacement, Ale pressure, 

aun lider, | aireplnien | Stroke tn. | ПИРЫ | Rem | ритам. 
7 7% 5 106. 350 180-100-125 
Н ва 9 170 300 80-100-125 
9 10 10 250 285 80-100-125 
10 Ш 12 350 270 180-100-125. 
1 Bu 6 136 350 40-60 
8 10 9 25 300 40-75* 
9 и 10 312 285 40-75* 
10 B 12 495 270 40-75* 
8 12 9 350 300 20-41! 
9 13 10 435. 285 aa 
10 5 12 660 270 | 20-501 


| 1104, steam necessary for maximum air pressure, 
2530, steam necessary for maximum air pressure. 
Il machines have piston-type steam valves, 


For single-, two-, three-, or four-stage compression. 
pe ХЕВ-1 has duplex, single-stage sir cyl 
the five- or three-step, free-air controller when specified. 


а three-step free-air controller when specified. 


clearance control regulation, 
Type XCB-2 has compound, two-stage air 
clearance control regulation, 
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Table 68. Duplex, Horizontal, Belt-driven Compressors 
Ingersoll Rand Company 


ders and is automatically regulated by 

py уре ХЕВ-2 has compound, two-stage air cylinders and is automatically regulated 
D 

"Type XUI has dupler. aaglestage Т Udemm And either five! овча ер 


linders and either five- or three-step 


Capacity, cu, ft; per min. piston баріне. 

Diameter cylinder, In. ment at 100 ib, per sq. Їп. discharge 
pressure 
бы | Raum. зар... 
Low High | Sea level | 500%. | 10.000. 
pressure | pressure | | | altitude altitude 
2 a | ox ЕЈ 
в в | -з | 409 
4 5 | 38 itae: D 
зи 8 w | s» 494 
4 8 јело 300 530, 
5 8 10 300 610 
5 » | 2 т | ee 
16 эм 12, эп. | то 
и эч 12 т | 3 #70 
7 1o4 u m we | 
18 1032 2 27 | 55 
19 104 2 27 x 1,087 
в " Di 257 1052 
19 п 14 257 Mm 
20 Ш 4 257 №. 1,302 
20 1218 M 27 1302 
21 128 4 257 3 1435 
2 ie Че 257 д 1,575 
n er erg bom |o 
B | ма 257 5 1723 
E wf 4 27 | * 1875 
| | 


Ingersoll-Rand Company 
Air pressures 150 to 400 Ib. per 


Table 69. Two-stage Horizontal, Belt-driven Compressors 


Diameter, eylinder, fn. 


Stroke, In. 
Low pressure High pressure. 


Rpm. 


| 
| 


Piston displace- 
ment, cu, ft, free 
alr per min. 
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crane. This bucket can unload from cars, barges, or other means of transport 
and can deliver to some means of transport, directly to з secondary storage in 
the plant, to a conveyor, or directly to such equipment as furnaces, 

b. Storage in piles on either side of a track, served by в locomotive crane. 
‘The crane is used to place the material in storage, taking it from a car, truck, 
or barge, or from a track hopper in which it has been dumped from ћоррег- 
bottom cars, or to which it has been delivered by some other means of han- 
dling. In reclaiming from storage, the crane is used for loading the material 
into vars, delivering it into a track hopper served by а conveyor, or to the 
boot of a bucket elevator, or to the loading hopper of a skip hoist. 

с. Overhead systems are used, employing a monorail car and bucket or а 
cable way and bucket. These systems can be controlled from a central point, 
ос the operator can travel in a car accompanying the bucket, Overhead 
Systems can unload and pile from any means of transport and can serve 
апу type of conveyor or transport to take the material out of storage. These 
Systems can also be arranged to deliver the material directly to the point 
Of use within the plant, or to bins or bunkers in the plant. 

d. Drag-seraper systems are useful in many problems of bulk outdoor 
Storage. These systems consist of a scraper bucket to which both ends of a 
cable аге attached. Тһе cable passes over а pulley and also around the drum 
of a hoisting engine. The pulley is detachably mounted on one of several 
Posts located at suitable points around the storage area. The scraper can 
then be caused to move back and forth across the storage area, piling and 
reclaiming material. Drag scrapers usually deliver to a conveyor, a bucket 
levator, or skip hoist. 


Table 70. Belt-driven Dry Vacuum Pumps 
Ingersoll-Rand Company 


Size, cylinder, In. 


or СД ae ыч Piston displacernent, 
T Њу wu ft. per mia. 
Diameter | Stroke 

10 4 

14 5 

18 7 

2 9 25 

26 п 25 

3 12 E 


Table 71. Steam-driven Dry Vacuum Pumps 


Ingersoll-Rand Company 


Cylinders, diameter in, 


Е = ж te он 
Steam pressure, | Steam pressure, | Steam pressure, | ү, эше Rene ред. 
105-175. | BEID ELD [ns | и 
6 7 ин n | 6 350 65 
s 3 ви 2 8 25 965 
10 в 18 5 10 25 1680 
12 14 2 3i 


в | ж 2 
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Pile storage for wood, used in paper mills and other industries, differs from 
the general cases mentioned. Such storage is carried out with conveying 
devices that have been specially developed for the purpose. 

Contents of outdoor storage piles cannot be calculated exactly unless 
the pile is within walls and is kept at an even thickness, as is sometimes done. 
Large random piles can be estimated with sufficient accuracy for most pur- 
poses by obtaining the contours of sections evenly spaced over the storage 
area, say 5 to 10 ft, apart, and then figuring the cubic contents of the material 
between'sections. Such sections are ensily determined by the use of surveying 
instruments. 

Smaller piles are frequently estimated by means of soundings, but this 
method leaves much to be desired as to accuracy, whatever its convenience. 

Indoor pile storage is usually employed for materials that must. be kept 
dry or protected from the weather for some reason: Among these are ceramic 
materials,” sorap metals, glass sand, agricultural products, minerals, and 
chemical products. The usual method is to have n large storage shed or room 
within one of the buildings of the plant for each material; or, when quantities 
are relatively small, to divide a single storage space into several sections by 
means of partitions. Frequently such storage spaces are served by an over- 
head crane or a monornil crane, which is used for both storing and reclaiming 
the materials, Such a crane can serve the processing equipment direct where 
that is convenient, or conveyors may be interposed when such an arrangement 
is better. 

Indoor bulk storage may be served entirely by conveyors. For example; 
two belt, conveyors can be used, one at the top of the storage space for taking 
material from an elevator and distributing it to the storage spaces, and the 
other at the bottom, beneath the floor, fed through a feeding device or loading 
hopper, for reclaiming. Another conveyor application useful in such cases 
is the pivoted bucket carrier, which will serve for both storing and 
reclaiming. 

Where the quantities stored are small, it may not be economical to handle 
otherwise than with manual labor. 

Intermediate quantities in bulk storage of dry solids are often served by 
electrical industrial trucks or tractors and trailers. The trucks or the trailers, 
for this purpose, can be equipped with dump bodies, which serve to eliminate 
much hand labor that would otherwise be necessary. 

Quantities in indoor pile storage are easily estimated by obtaining the con- 
tour of the pile by soundings. This method is not accurate but serves most 
purposes, Where piles can be kept level, i.e, evenly distributed over the 
whole storage floor, more accurate estimates can be made from the dimensions 
of the storage space and the height of the pile on thewall.. Where this method 
is used, it is well to have an indicating scale in feet and fractions of feet painted 
on the wall. 

Indoor storage of bulk solids in bins or bunkers is frequently employed- 
Particularly where such storage сап be arranged to feed by gravity to the 
production equipment or shipping facilities, this system finds an economical 
application. Hopper bottoms or parabolic bottoms are usual for such bins or 
bunkers. The material will then feed directly to a chute or spout by gravity 
whenever the outlet gate is opened. In the storage, by this method, of some 
materials that are likely to clog in the outlet, it is customary to install mechan- 
ical or air agitators, designed to keep the material loose and free flowing: 
‘The chute or spout can feed direct to the equipment аз ів usually the case with 
furnaces; or it can charge a larry car or similar transport device which serves 
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to move the material to the point of use, as is usual in gas or coke practice. 
Bins or bunkers can also be arranged to feed to а belt or other conveyor, or 
to load into industrial trucks or cars. 

Material is placed in bins or bunkers through the open top, or through 
gates in a closed top. One method in common use for this purpose is to 
employ an overhead стапе or monorail crane witha, bucket. А belt conveyor 
Passing over the top of the storage, with suitable unloading arrangements, 
and fed by a bucket elevator or skip hoist, is another common method of 
Storing. А third method employs a pivoted bucket conveyor, which can 
also be used for reclaiming the material, 

Indoor storage of bulk solids in silos is an alternate method that finds 
much favor in some industries, particularly in the lime, cement, and ceramics 
fields. Silos are cylindrical structures of concrete, tile, steel, or wood. Their 
advantages lie in the economy of floor space occupied for a given amount of 
Storage and their relatively inexpensive construction, Compared to bins 
and bunkers, silos are less adaptable na to possible locations about the plant, 
and they have a relatively greater height for the amount. of storage space 
provided, Because of this great height, and because the bottoms are seldom 
raised far above the ground level, silos must usually be loaded by means of an 
elevator or skip hoist and unloaded by means of a conveyor or by trucks work- 
ing in a pit. 

Where several silos are in use, they can be grouped; and a belt conveyor 
сап be arranged to take material from an elevating device and unload it 
into any one of the silos desired. Reclaiming from silos can best be done by 
an arrangement of conveyors suited to the movements of the materials 
reclaimed, or by means of wheeled transport fed, from hopper gates under the 
Silos, 

Quantities in storage in bins, bunkers, or silos nre figured with suffi- 
cient accuracy for most purposes from the known dimensions of the storage 
And the depth of the material stored. Another method, more accurate than 
the first, isto weigh the material as it is stored and then to weigh the amounts 
taken from storage, This method incurs considerable first cost for the pur- 
chase of weighing devices but is often justified where a close check on quanti 
ties is desired, 

2. Solid materials stored in containers present few problems not 
Already considered in this section on the movement of materials. Such 
Containers are usually boxes, bags, barrels, or steel drums. The storage 
methods employed usually consist of piling or storing these containers out- 
doors when the material stored and the weather conditions permit, or indoors 
in other cases. 

One of the most useful methods of handling materials into and out of such 
Storage employs the electrical industrial truck, equipped with the high-lift 
Ог tiering feature when stacks or piles are to be used, and, if the loads to be 
handled are heavy, equipped with а crane, 

Another method widely used employs an overhead crane or monorail. 
This is particularly useful for handling bags, several of which can be taken 
At one time in a rope sling. 

For barrels and drums, much special equipment is available, including 
barrel elevators and barrel stackers. 

In storing these containers within buildings, care should be taken not to 
Overload the storage floors. 

Quantities of barrels, bags, and drums in storage can be easily estimated by 
Counting the number in some unit of space and then extending the count to 
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cover the whole space occupied, making proper allowance for those areas 
where the space is not filled to an even level. 

No mention has been made of the storage of finished solid products in 
containers. In general, such materials will be stored in the manner that, is 
described under Liquid Materials Stored in Containers (see p. 2283). 

В. Storage of Liquid Materials* 

1, Bulk storage of liquid materials employs reservoirs where the mate- 
rial can he exposed to the elements, and tanks for all other purposes. The 
opportunities for using reservoirs are few, because most liquids must be pro- 
tected from contamination or dilution. Water is the liquid commonly stored 
in this way in chemical engineering industries, Where the quantities dealt, 
with are large, the reservoir becomes a problem for the civil engineer, and 
adequate assistance of this nature should be employed. For small reservoirs, 
concrete-walled excavations or concrete tanks without tops, either sunken 
in the ground or raised above it, are in common use. Such tanks should be 
constructed with reinforced walls adequate to hold the contents when the 
reservoir is completely filled. The concrete should be waterproofed so as to 
prevent any possibility of leaking. Quantities stored in this way can be 
easily figured from the known dimensions of the storage and the measured 
depth of the liquid. 

Storage of the liquid materials of chemical engineering industry is usually 
carried out in tanks. Such tanks are classified as vertical, horizontal, reclangu- 
lar, or spherical. Vertical tanks are cylindrical tanks with the axis in a 
vertical plane. Horizontal tanks are cylindrical tanks with the axis in x 
horizontal plane. Rectangular and spherical tanks are shaped as indicated 
by the names, Vertical tanks are most commonly used for outdoor storage, 
in tank fields, for such materials as petroleum, tar, and asphalt, These tanks 
are algo sometimes used for indoor storage. Another frequent use for vertical 
tanks is for elevated water storage. Horizontal and rectangular tanks are 
the most usual types for all sorts of storage of liquids. Spherical tanks are 
used for the storage, generally outdoors, of volatile liquids, such as natural- 
gas gasoline, which are likely to develop в pressure in the tank due to the 
volatilization of part of the liquid. 

Tanks are constructed of metal, generally steel plate, wood staves, or con- 
crete. In cases where the liquid being stored is of a nature to attack the 
material of the tank, it may be lined with rubber or some other protective 
material, or coated on the inside with some resistant coating. Wood-stave 
and concrete tanks are frequently treated to prevent leaking. 

Filling and drawing from liquid-storage tanks are usually done with pumps: 
In many cases, however, tanks can be so located that one or both of these 
operations сап be accomplished by gravity. Obviously, tanks can be readily 
connected by pipe lines to any point in the plant. 

Quantities stored in tanks can be readily determined from the dimensions 
of the tank and the depth of the liquid in the tank which can be obtained by 
means of a liquid level gage or by sounding. The horizontal cross-sectional 
area of a vertical tank is the area of the circle having the same diameter as the 
tank, while that of a rectangular tank is the length multiplied by the breadth: 

When figuring stored quantities from the dimensions of a tank, the simplest 
method is to divide the volume in cubic inches by 231, the number of eubie 
inches in 1 gal. 

With horizontal tanks the contents will be influenced by the shape of the 
tank ends, which may be convex, straight, or concave. For ordinary estimat- 
* See р. 2353. 
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ing, the effect of the ends may be neglected. The content of the horizontal 
tank, when filled, is found by multiplying the area of the end of the tank by 
the length and dividing by 231. When the tank is only partly filled, a deduc- 
tion must be made from the total contents of the tank equal to the unfilled 
portion above the liquid. If the tank is filled to a point above the axis,-then 
subtract from the total contents an amount equal to the contents of a space 
having the same length as the tank and an end area equal to the unwetted 
segment of the tank end. H the tank is filled to a point below the axis, then 
the contents become equal to that obtained by multiplying the length of the 
tank by the area of the wetted segment of the end of the tank. 

When it is desired to figure the contents of a horizontal tank with curved 
ends more accurately, it becomes necessary to determine the radius of the 
curvature or to obtain this rom the tank maker. . This is often inconvenient, 
and the alternate method of calibration is recommended. This consists’ in 
completely filling the tank with water, then drawing off the contents in steps, 
reducing the depth of the liquid by even amounts and accurately measuring 
the quantity of liquid withdrawn for each of these unit reductions in depth. 
In this way a table can be compiled giving the tank contents for each unit of 
depth of liquid in the tank. In practice, with such a table and a liquid level 
gage, the quantity in п tank can be readily obtained. 

The calibration method recommended for horizontal tanks is also best 
for use with spherical tanks, as its use avoids the recurrence of tedious 
caleulations. 

3. Liquid materials stored in containers are generally packed. in 
barrels, kegs, drums, cans; orn glass containers, ‘The storage of the barrels, 
kegs, and drums will bethe same as that described for solids packed in similar 
containers. For cans, one of the most convenient methods is to stack the 
‘ans several tiers high on palettes or skid platforms and then handle them 
into and out of storage by means of electric or hand-opernted industrial lift 
trucks, Where small cans are to be stacked to a considerable height, machin- 
ery developed for service in food canneries will be found useful for both 
Stacking and reclaiming. 

Storage for glass containers, such as carboys or bottles, may ђе either on 
skids or palettes, or directly on the floor. Movement into and out of storage 
is best carried out by means of hand-operated or electrical industrial trucks. 
Special bodies are available for these trucks for handling carboys efficiently. 

Quantities in storage, of large-sized containers for liquids, are quickly 
estimated by counting the number on a unit area and then extending this 
quantity to cover the whole storage. With cans or other small containers, 
Such a method is not so convenient. Та this case it is better to use some kind 
Of indieators in the stack: Such indicators ean, for instance, be used to 
mark every gross in the stack, and then quantities are obtained by counting 
the number of indicators and multiplying by the unit. 

Floor loadings must, of course, be considered with any kind of storage 
in buildings, but are particularly important with small containers such as 
vns because of the ease with which such containers can be stacked to a height 
that oyerlonds the floor. Ordinarily, building floors can be loaded to 150 Ib. 
Por sq. ft. Mill-type buildings and reinforced-concrote structures are usually 
constructed for loads up to 250 Ib. per sq. ft: In many cases, buildings of 
Special construction are good for higher loadings. In any case, the chemical 
engineer should ascertain the load that the floors of the buildings in his 
plant can safely support and take pains to see that this loading is not 
exceeded. 
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C. Storage of Gases 


1. Gases stored in bulk are usually stored in holders or tanks. Holders 
are of two types: telescopic and stationa: 

Telescopic gas holders are the familiar type of gasometer, exclusively 
employed until recently for the storage of city gas supplies. These holders 
consist of a number of concentrically arranged steel plate bands or rings, The 
bottom ring has the largest diameter, is fixed in position, and has a gas-tight 
bottom. The top ring is the smallest in diameter and is furnished with a 
tight top. Intermediate rings are evenly graded in diameter between the 
top and bottom rings. Where these rings fit one within the other, liquid 
seals are provided to prevent the escape of gas. The whole structure ia 
carried within an open supporting frame, upon the columns of which rest 
guide wheels or rollers attached to the rings, holding them in a fixed horizontal 
position with relation to the frame and to each other. ‘These rings are, 
however, free to move up and down, impelled by the gas pressure within the 
holder. 

Such telescopic holders are constructed in very large capacities, as well as 
in small sizes, holders of 10,000,000 and 15,000,000 cu. ft. capacity being not 
uncommon. Since these holders usually involve a considerable investment, 
the proper procedure for obtaining one is to obtain competitive bids upon 
specifications from several manufacturers who specialize in this equipment. 

Stationary gas holders are a more recent development than the telescopic 
type, | These are sometimes called ‘waterless holders, whieh term is hardly 
appropriate, as a liquid seal must-also be employed in this design. Holders 
of this type consist of cylindrical or polygonal tanks! with vertical axes. 
‘The bottom and sides are gas-tight, while the top, usually rounded or slightly 
conical, is vented. Within the tank is a horizontal partition, carried in а 
liquid seal at the point where its circumference is in contact with the holder 
wall and arranged to float up or down on top of the gas. As gas is forced 
into the tank, the partition is raised by the gas pressure created, and, аз gas 
is taken from the tank, the partition automatically lowers, maintaining even 
pressure in the gas. 

Bulk storage of gasis usually carried out in tanks of the types just described, 
which permit the pressure to be maintained fairly constant. Where storage 
is carried out in ordinary tanks, arrangement must; be made to prevent the 
gas becoming diluted with air, and also to prevent too great a pressure from 
building up within the tank. Ordinarily, such tanks are used only for 
compressed air, in which case they are called air receivera. 

Gas storage in holders or tanks is accomplished by means of compressors 
or blowers, taking the gas from its source and feeding to the storage through 
pipe lines. Reclaiming of gas from storage is also done by means of a com- 
pressor or blower, or by utilizing the gas pressure in the storage when this 
is great enough. Such reclaiming is done through piping systems, Fre- 
quently the gas pressure in the storage tank is sufficient to partly serve; and 
it can then be supplemented by additional pressure imparted to the gas by 
means of a blower or compressor. 

Quantities of gas stored in holders must be calculated for some standard 
conditions, due to the changes that occur in gas volumes with variations in 
pressure and temperature. The gas placed in storage and that removed 
from storage may ђе metered in one of many types of gas meters available 
and in this way a running check kept on the quantity stored. 
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2. Gas stored in containers is usually stored in what are called gas 
"eylinders." These are heavily constructed tanks of drum ог bottle shape. 
Heavy construction is used in order that the gas may be stored under con- 
siderable pressure, (hus permitting a relatively large amount of gas (when 
considered from the standpoint of its volume under ordinary pressures) to 
be stored in a relatively small container. Container storage for gas is usually 
employed for the storage and shipment of such gases as oxygen, carbon 
dioxide, acetylene, propane, butane, and hydrogen. It provides a convenient 
method for gas shipment. When such gas cylinders are stored in the plant, 
their relatively great weight, due to the heavy construction used, should be 
kept in mind so that storage floors will not be overloaded. 


FEEDERS AND FEEDING MECHANISMS 
BY GEORGE A. PROCHAZKEA, JR. 


The need for obtaining a uniform flow of materials into and out of process 
with а minimum of manual attendance, has led to the design of a wide variety 
of automatic feeding devices. These have been developed in greatest 
number for handling solids. Liquids and gases are readily handled by means 
of pressure vessels, pumps, and fans. Design in these fields, therefore, haa 
been largely a matter’ of coordinating pumps, compressors, fans, valves, 
eto., with meters, floats, thermometers, photoelectric cells, and other indicat- 
ng devices. 

In the selection of а suitable feeder, the physical state of the material is 
а most important factor. ‘Thought usually is given to size and uniformity 
of produet, also whether it is sticky ог free flowing. Other factors considered 
sre tonnage, accuracy of feeding, constant or intermittent use, power 
consumption, first cost, and maintenance. A wider selection generally is 
possible for materials which are easy to handle than for those having trouble- 
some characteristics. For the application of feeding devices to counter- 
current decantation see Sec. 15 pp. 1651 to 1652. 


Adjustable gate 


E 


Fra. 81,— The undereut-gate feeder. Fro. 52.— T'he lifting-gate feeder, 


‘Connecting rod 


C. Kemble Baldwin (Trans. Am. Soe. Mech. Eng. May, 1909) made an 
analysis of the principles used in the design of automatic bulk feeders and 
found eleyen general types. It appears necessary now to add only three, 
namely, vibrating, chain, and flight feeders. Figures 51 to 59, inclusive, 
and much of the accompanying discussion have been reproduced from 
Baldwin's presentation which has been rearranged to include swinging plate 
with plunger feeders. 

The undercut-gate feeder, Fig. 51, made of cast iron or steel plate, is 
pivoted near the top, the gate being swung back and forth by means of an 
eccentric or crank. "This type of feeder is best adapted to fine-sized, free- 
flowing material. Material containing lumps is likely to bridge. As the 
discharge is intermittent, the feeder is generally used for chain or bucket 
conveyors, the strokes being timed with the buckets. The capacity may be 
changed only by varying the length or the number of strokes. For the drive, 
an adjustable crank is preferable; no decided advantage accrues from the 
quick return obtained with the more costly eccentric drive. The so-called 
stirrup feeder is в variant using а transverse baffle above the swinging gate. 

The lifting-gate feeder, Fig. 52, also gives an intermittent feed suitable 
principally for a chain or bucket elevator or conveyor. The chute is hinged 
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во that, when down, the material will flow out of the hopper and, when raised, 
the discharge is stopped. Motion is obtained from а crank or eccentric. 
This feeder will handle material regardless of size, but it must be sufficiently 
free flowing to move by gravity when the chute is lowered. The capacity 
may be adjusted by varying the number of 
strokes and also in a measure by increasing 
the length of stroke. 

The screw-conveyor feeder, Fig. 53, will 
deliver а constant stream of material, but it 
must be of sueh form as to flow by gravity to g 
thescrow. The capacity сап be changed, оп / caving 
a machine of given size, only by altering the Ja for gear or sprocket 
speed of the screw shaft. This type of feeder ^. 
has been widely used for handling pulverized Ё?® 53—The 


XJ 


ew-conveyor 


3 feeder. 
material such as coal, cement, ete. - 
The roll feeder, Fig. 54, has been used 
extensively in the mineral industries. for МА 
handling large and small material from bins СУА 


to weigh сага, ete. The roll is located under 
the hopper во that the material will not flow 
when the roll is stationary but will carry for- 
ward when the roll rotates. Тһе capacity is 
determined by the speed and width of the 
roll and the thickness of the stream, ав fixed 
by the adjustable gate. The disadvantage 
of the feeder is in the large amount of head 
room required as a roll 6 to 8 ft. in diameter 
must be used to handle run-of-mine material. 

The rotary-paddle feeder, Fig. 55, acts 
both as a feeder and measuring device. Itia 
used for fine material which flows readily 
from the blades, "he capacity is fixed by the 
speed of the paddle shaft. The pocket 
feeder, also called the star or revolving-door 
feeder, is a variant in which the paddle is Rotating 
tightly housed to permit delivery against “раза 
Vacuum or pressure. 

‘The revolving-plate feeder, Fig. 56, was 
developed for feeding stamp ‘mills im the 
recovery of gold from ore. The inclined pg gg d 
plate driven by gears, either from above (aa '!9:55- Tbe, rotary-paddle 
shown) or from below, moves the material out i 
of the hopper where it is scraped off by the skirt board. With an adjustable 
skirt board sticky material may be handled, as the curved plate will scrape the 
material off the revolving plate and into the chute. The capacity is fixed 
by the speed of the plate and the location of the adjustable gate. 

‘The apron-conveyor feeder, Fig. 57, may һе of any of the various types 
of apron flights or n rubber or canvas belt supported оп idlers. The capacity 
ber foot of width is fixed by the speed of the apron and the position of the 
adjustable gate. Apron, pan, and belt feeders have been designed in almost 
tnending variety and frequently are used because they have the advantage 
that the material ean be moved over а greater distance than with most other 
types of feeders. 


gate 
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The plunger feeder, Fig. 58, pushes the material along the bottom plate 
and off into the chute. The plunger may be built in one or in two parts, 
in the latter case the parts are moved alternately by a rocker shaft, The 
capacity is fixed by the length 
and number of strokes and the 
location of the adjusting gate. 
In operation it is similar to the 
swinging-plate feeder which 
has been used for coal and 
similar materials of all sizes. 
This consists of two swinging 
plates, pivoted at the top and 
moyed alternately so as to 
push the material along the 
bottom plate. Both these 
devices lack adjustability and, 
not being self-cleaning, have a tendency to freeze in the wintertime, 

The reciprocating-plate feeder consists of a plate mounted on four 
wheels and forming the bottom of a hopper. When the plate moves forward, 


it carries some of the material 
ithit, and, when the plate moves. Hopper ff gyn pgp 
back, the material falls into the HH BOE 


chute. The plate is driven by Skirt board 
crank or eccentric, and the capac- 40/S, ze 


ity of the device is determined 
by the length, the number of 
strokes, and the location of the 
adjusting gate. The disadvan- 
tages are lack of adjustment and 
the inability to clear the feeder of 
material. 

The shaking feeder, Fig. 59, 
consists of n shaker pan located 
under а hopper at such an angle that the material will not flow when the panis 
stationary. When given a reciprocating motion, the material moves forward 
on the pan and finally falls into the chute. The front end of the pan is 
carried by a pair of flanged 
wheels; the back is sus- 
pended by two hanger rods, 
each with turnbuckle for 
adjusting the angle of the 
рап. As the number of 
strokes is difficult to шира 
change, these feeders usu- 777 
ally are designed for about 
75 per min, а number 
determined by experiment. The length of stroke varies from 4 to 12in. The 
angle of the pan is fixed by the capacity desired and the nature of the 
material handled. For coal, stone, ore, ete., 8 to 10 deg. slope is sufficient, 
but clay and other stieky substances require from 15 to 20 deg. The 
shaking feeder has many advantages, particularly its flexibility and 
self-cleaning feature. It will handle most materials regardless of size ог 
condition. 
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Bevel gear 


Revolving 
plate 


Fic. 50.—The revolving-plat. 


i 
Curved apron tight 'Roller chain 


Fia, 57,—The apron-conveyor feeder. 


,Disc crank 


Fre, 58,—Тһе plunger feeder. 
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The vibrating feeder, Fig. 60, is a Jeffrey-Traylor design. The Jeffrey 
Manufacturing Co. makes various styles of feeders such as a pan type, a 
tubular type, and one jacketed Тог heating, drying, or cooling. Materials 
Tanging from 300 mesh to 
3-ft. cubes as well as mix- Hanger \ 
tures of earth, sand, and rock ^ Гоа 
have been handled. Сарас- 
ities range from 10 lb. to 
1250 tons per hr. The pow- 
er consumption with a vibra- брокер 
ting feeder is exceptionally’ ` pan- 
low, 4 watts being reported ^a 
for sand fed at the rate of — Z/SK crank~ 


1500 lb. per hr. Motion is Connecting rod 
obtained by means of an Ето. 30.— The shaking feeder. 


electromagnet anchored to 
the main frame of the machine, The oscillating armature or keeper is attach- 
ed by means of a clamp to a set of springs or vibrator bars. These are clamped 
At their ends to the main frame but are free to flex at the center where the 
eeper clamp, which also carries the PRET 

material handling deck, is located. A Fraga 
vibrating feeder, driven by 60-cycle pai teeaei 

alternating current, makes 7200 
strokes per minute, and control is ob- 
tained by adjusting the current input, 
thereby regulating the pull of the elec- 
tromagnet and thus the length of the E/ectro-magnetic!¢ су 


stroke. The Syntron Co. and Allis- power unit Wammer mill. 
Chalmers Manufacturing Co. also pi, qp ты, vibrating (ои. (The 
make vibrating feeders. Jefrey Mig. Co) 


The Ross feeder, Fig. 01, a patent- 
ed device, made by the Ross Screen and Feeder Co. is used extensively in the 
mineral industries for handling ore, rock, and other materials. Tt consists of 
а curtain of heavy, endless chain driven by an overhead fumbler. The chains 
"re suspended во as to lie on the ma- 
terial and travel with it. These feeders 
Are made in widths of 6 in. to 20 ft., 
capacities from М{ to 2000 tons per hr., 
and in styles fitted with ship-anchor 
chain ranging from small steamer to 
heavy battleship size. Crushed ma- 
terial can be fed from storage with an 
Accuracy of about 2 per cent yariation 
in tonnage flow. The feeder will handle 
any granular material of any size from 
Primary steam shovel to coal slack. 

The flight-conveyor feeder consists 
of a series of flights, vertical scrapers, 
or chains of suitable design, moving in е 3 
а stationary trough. In that a moving ^ gy hS P ps UP 
ban effect is thus produced, the feeder 
might be considered similar in principle to the apron or pan conveyor, Fig. 57. 
A grent variety of material can be handled in a flight conveyor by altering 
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Level. The measurement of the position of the interface between gas 
and liquid st high pressures may be accomplished by balancing the head of 
liquid against a column of mercury. Liquid level gages identical with the 
types of mercury-manometer flow meters described above are used to indicate 
the level of the meniscus. As the operation of these level gages in no wise 
differs from those used at low pressures, there is no need for describing them 
at length. A second very useful method consists in mounting on scales either 
the main receptacle or a smaller vessel connected with the main body by 
flexible tubing. A third method involves mounting one or more suitabl 
conductivity cells in the vessel. These operate signal lights or electrical indi 
cating instruments when wet with process liquid. 

‘The level may be controlled by pneumatically or electrically operated valves 
actuated by а gage. This kind of control makes it possible to separate a gas 
and a liquid under pressure, drawing off one and recirculating the other. 
‘There is often а definite advantage in this: it saves recompression costs, the 
removal of а reaction product often permits the reaction to be carried further 
in another vessel so that the concentration of the desired product is built 
up, and there is less handling loss due to recirculation of unconverted material 
later in the process. Moreover, if 90 per cent of the gas сап be removed at a 
total pressure in comparison with which the vapor pressure of the liquid їз 
negligible, the vapor carried off with the remaining 10 per cent when the 
pressure is released will be a relatively small amount. 

Pressure Drop. Pressure drops in a high-pressure synthesis system may 
be very significant, and simply placing two record pens on the same chart 
may not be sufficiently accurate or direct-reading. For moderate pressure 
drops the usual flow meter serves as a direct-reading pressure-drop instrument, 
but at higher drops range tubes 2 in. high per pound differential become 
unwieldy. In such cases readings transmitted from scattered statio-pressure 
instrumenta сап be shown on a single direct-reading pressure-drop recorder. 


Safety 


When reasonable precautions are tuken, high-pressure plants can be made 
из safe as any. There are a few hazards peculiar to work at high pressures 
that it seems worth while to enumerate. 

1. At least one fatality and several accidents are known to have resulted 
from split Bourdon tubes. The fatality is believed to have been the result 
of а rush of compressed inflammable gas into a Bourdon tube containing air, 
"The minor explosion which occurred split the tube and а particle flying from 
the gage case was responsible for the death of a man. To permit the escape 
of gases, the enses of Bourdon gages should be provided with large vent 
openings covered with paper or foil for dust protection. Whenever possible 
the gage glass should be removed and the face left open or, for dust protection, 
the glass replaced with thick transparent sheeting or with safety glass so 
that the danger from flying particles will be avoided. Bourdon gages should 
be placed above eye level. In some laboratories it is required that Bourdon 
gages be placed behind a barrier and read only by their reflection in mirrors 
во that the observer is at all times out of the direct line of danger, The usual 
procedures should be followed, such as the use of oil seals to prevent corrosion, 
throttling down to prevent fatigue, and the use of built-in checks to prevent 
the pressure from rising or falling too suddenly. 

2. With inflammable gases at high pressures, the Armstrong effect is a 
possible source of trouble: when в gas containing finely divided liquid or solid 
particles passes at high velocity over an insulated metallic object, that object 
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becomes electrically charged. ‘The charge may become sufficiently great to 
cause а spark which in turn ignites the gas. 

8. When metallic containers rupture, frictional effects may cause. very 
h local temperatures and the ignition of inflammable gases. 

4. It istarely possible to cool a diréct-fired vessel and its setting їп a hurry. 
Such ippar&tus should be followed by a by-pass leading to the atmosphere so 
that а failure or a plug occurs farther along in the process the by-pass can 
be opened and material kept running through the direct-fired apparatus while 
it cools, 

5. Where it is not possible to use a self-seating safety valve, it is sometimes 
possible to have two safety valves: one set slightly above the operating pres- 
sure with a shut-off valve between it and the body to be protected, and the 
other set; somewhat higher and without the shut-off valve. When the lower 
safety valve releases, it can be reseated with the shut-off valve closed, while 
close observation and the higher safety valve provide the necessary security. 

6. A variety of pressure relief that has met with favor because of its positive 
action and because it cannot readily be prevented from blowing off When the 
pressure exceeds n certain value is the rupture disk, which consists of a plate 
held in place over an opening by means of flanges: When the pressure rises 
too high, the disk ruptures: | The disadvantages of the method аго that the 
entire contents of the pressure system are discharged, and that corrosion may 
во weaken the disk that unless frequently inspected and renewed it may 
burst at too low a pressure; on the other hand, since the working pressure 
produces stresses close to the yielding stress of the material of the disks, they 
tend to become strain hardened with continued use and may then fail to 
relieve the pressure at the desired poin 

7. Carbon monoxide rapidly attacks pure nickel, forming nickel carbonyl, 
and even attacks iron, though much more slowly. When carbon monoxide 
is to be used, ће proper selection of alloys is important. It is also necessary 
to warn against the use of mercury in any apparatus in which it can come in 
contact with copper, brass, or other metals with which it can amalgamate. 
"The general belief that mercury does not wet steel ог form alloys with it is 
incorrect: Bridgman found that mercury can wet surfaces made by breaking 
steel in mercury. ‘This is of great importance where there is any possibility 
of а crack in a mercury container opening slightly under pressure, allowing the 
mercury to wet the steel and start to undermine the walls. 

8. Some catalysts, notably very active nickel or iron powders, are highly 
pyrophoric Where there might be a danger of their leaking through valves 
or stuffing boxes, drying out and glowing, it is desirable to provide а constant 
stream of water to wash them away so that any inflammable vapors or gases 
that accompany them may not catch fire. 

9. The larger and hotter pieces of high-pressure equipment may be placed 
to advantage behind heavy barricades, for in case of failure, heavy walls and 
light roofs give protection to the surroundings. At the same time it should be 
urged that anything permitting the formation of gas pockets is to be avoided: 
the buildings in which high-pressure apparatus is housed should permit, the 
free passage of air through all parts, especially up under the roof. Where 
poisonous or inflammable gases sre used, additional protection Гог the орега- 
tors should be provided by the installation of forced ventilation. This 
system is, however, worse than useless if the draft is too strong or its tempera- 
ture too high or too low 

10. Since leaks are a serious fire or health hazard, they should be repaired as 
promptly as possible, especially as erosion quickly makes the leak worse and 


2292 MOVEMENT AND STORAGE OF MATERIALS 
loaded sound is heard, the device closes down the feeder. Later, when the 
mill begins to sound empty, the feeder is automatically started. If the 
“Electric Ear" is used in conjunction with a wet grinding mill, the relay in 
the “Electric Ear" circuit can be made to open and close a solenoid valve in the 
water-supply line, in addition to controlling the feeder delivering dry material 
to the mill. Thus a constant density of pulp is maintained in the mill and 
classifier circuit. 

The electric eye has been used extensively for automatic batch weighing 
and for other purposes. The possibilities for controlling feeding devicea 
through the use of instruments seem almost unlimited (see also Sec. 17, 
Measurement and Control of Process Variables). 

The packaging of bulk and liquid chemicals is a highly specialized branch 
of feeding. Ву using a semiautomatic packaging machine, i.e., one requiring 
constant attendance, it їз possible to pack from 10 to 20 units per minute. 
With fully automatic machinery, ie, where an attendant can supervise a 
battery of machines, the output can be raised to as much-as 125 units per 
minute when free-flowing material is fed into bags, bottles, cans, cartons, 
and sacks. Of course, to warrant the investment, a very large production is 
essential with fully automatic machinery. With some material, it is possible 
to obtain a weight accuracy of 0.05 oz. to the 1-1. package. On this type of 
work, weights range from 14 oz. to 5015. With bottles it is customary to 
fill to в given height rather than on a volumetric basis. The capacities of 
bottles vary as much as 5 per cent and thus volumetric filling would give the 
consumer thé impression that the bottles had not been properly filled. 


BULK-PACKING EQUIPMENT 
BY R. W. LAHEY 


Packaging and Filling Equipment for Small Containers. There 
аге во many machines for packaging, filling, weighing and measuring, closing, 
labeling and wrapping bottles, cans, boxes, bags, etc., that this is a subject. 
in itself and will not be considered her The Packaging Institute, which is 
composed of machinery manufacturers and production managers interested 
in small containers, is an authoritative source of information. The “Packs; 
ing Catalog," published by Modern Packaging Magazine contains worth- 
while data on this subject. 

Definitions. The term bulk as used here, excludes all so called “retail” 
packages and refers to the “wholesale” containers which comprise large 
bags of 50 Ib. minimum capacity, drums, barrels, kegs, etc. 

Purpose. It is the function of packaging equipment to prepare a product 
for shipment. 

It is unfortunate that a plant engineer cannot choose equipment by 
а mathematical or scientific formula, but most of these problems can be 
solved with assurance if all the following factors receive proper and detailed 
consideration: 


sical characteristics of product. 
а. Variation in specific gravity. 
b. Degree of gravity flow. 
с; Effect of moisture absorption. 
d. Effect of temperature change. 

2, Plant layout. 

3. Maximum and minimum production rates. 

4. Choice of container. 

5. Factory storage in bulk (bins or tanks) or in containers, 

In most instances these factors vary for each product and for each produc- 
tion installati "This requires а special consideration for every problem, 
nd often existing machinery must be altered to fit а special situation. It 
therefore difficult, to supply useful information. А general statement of 
the known machinery and processes is probably of greater utility than any 
other form of presentation, 

Bulk-packaging equipment is not always nationally advertised, and it ів 
therefore impossible to be sure that the following completely covers the 
available equipment, There is an urgent need for the accumulation of these 
data by an agency or some central bureau which the engineer can consult 
with the assurance that he has up-to-date and complete information. 

Storage in Bulk or in Containers. АНег choosing the container for a 
new product, the next question which must be settled before packaging 
machinery can be considered is to.decide whether the product is to be stored 
in the factory warehouse in bulk or in containers. 

If the quality of the product is not affected, it is less expensive to store 
finished products in bulk and pack them in containers just before shipping. 
Tt is obvious that this system requires less handling than it does to store in 
containers. Lees storage space is required, the inventory of filled and empty 
containers can be reduced, and their appearance is usually better than con- 
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tainers which are held in storage for a considerable time. Even under the 
best of storage conditions, coatings on steel containers become marred, 
stenciling is often obliterated, and labels become dirty and torn. 

Tts disadvantages include additional cost of tanks or bins for storage and 
the possible extra cost of additional packing and filling equipment which 
may be required to take care of peak shipments if the business is seasonal 

In the rock products and the fertilizer industries where the products are 
inexpensive and extra handling costs are liable to make the difference between 
profit and loss, the almost universal practice is either to store in bulk or 
only to manufacture against shipping orders. 

Storage-bin Construction for Dry Materials. The classification 
"dry materials” includes all degrees of particle size from the finest powder 
to large lumps which vary in degree of flow from free flowing to, and including, 
those products which will not flow. Some free-flowing materials lose this 
desirable characteristic on absorption of moisture in humid weather or on 
excessive changes in temperature. 

Free-flowing Materials. Even though products are stored in containers, 
there must be an intermediate bulk storage just before the packing operation 
to absorb the fluctuations in both production and packaging. 

The basic requirement for accurate weighing is to provide a uniform stream 
of material to the packaging equipment. Pulsuting or uneven flow will 
seriously handicap proper functioning of packing equipment, and it is there- 
fore of paramount importance to so design storage bins or tanks that thia 
uniform feed will result. 

Usually the best shape for a storage bin for even gravity flow of material 
is conical. Under any conditions, avoid square or angled corners, where 
material has an opportunity to 
pack and then arch. The inside 
of the bin should be free from any 
projections, braves, or stay rods 
which interfere with the free 
movement of the product. 

As the fundamental function of Hopper inlet of 
в storage bin is to take up the sef to reduce head _ 
slack between manufacturing and s M е, 
packaging, it is obvious that the | БЕ, 
level of material im the bin will 
fluctuate, causing differences in 
the rate of flow of material. 

In connecting the outlet of а 
storage bin to a filling machine of 
any kind, it is always desirable to 
avoid the possibility of the vari- 
ation of the head load in the 
storage bin from directly affecting 
the uniformity of the flow. - This- Fig. 65.—Automatie scale showing connec: 
issometimes accomplished by -tion to bin outlet, with agitator, to prevent 
baffles placed in the discharge bridging of material, 
spout, but more frequently by various types of offset connections and 
mechanical means such as are shown in the various sketches. 

Other Than Free-flowing Materiale. This classification inoludes all typea 
of dry materials from those which will arch in a bin and then flow with a 
surge to the type which will not flow except by mechanical assistance, 


Agitator, 

fo prevent. 
bridging or 
material 


Shutoff gote 
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Some type of agitation in the bin or controlled feeding to the packaging 
machine is required. The type material which arches and then surges can 
probably be handled by agitation in the bin to prevent arching, while the 
strictly non-free-flowing type will require a mechanical feeding attachment 
between the bin and the packer which will regulate and mechanically conyey 
the proper amount of material, Manufacturers of weighing and bagging 
equipment have devices for regulating flow of materials, and they should be 
consulted on this problem. 


Fro. 66.—Richardson enclosed dustproof sacking scale weighing ground material 
from overhead storage bin. Seale is fitted with spike type of agitator in feed chute 
to keep material moving freely from bin to scale, 


Weighing. In the bulk packaging field there are generally two systems 
of weighing in use. 

Net Weighing. As the name implies, this system weighs the material 
before it is packed into the container. The product flows into a bucket 
or hopper which is attached to a balanced scale beam. When the bucket is 
filled, the movement of the scale beam nctuates а shutoff to stop the flow 
of material. ‘There is a gate for discharge at the bottom of the bucket which, 
when opened, either automatically or manually dumps the material into the 
container. 
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The bag is attached to the weighing mechanism, and a 


shutoff gate is closed when the desired amount has flowed into the container. 


This shutoff gate is oper- 
ated either automatically 
or manually. 

"There are other measur- 
ing systems such as the 
volume method and a com- 
bination of the volume and 
weighing method, but these 
are largely used for small 
retail packages and need 
not be expanded here. 

Weighing and Bag- 
ging Equipment, Aulo- 
matic Scales. The choice 
of scales depends on the 
rate of produetion and the 
physical characteristics of 
the product. Automatic 
scales are best adapted for 
volume production, and 
they can be arranged in 
batteries of two or more to 
take care of large volume. 
‘The bagging capacity of an 
automatic scale varies from 
five to ten bags of 100 Ib. 
capacity per minute de- 
pending on the material to 
be bagged. Automatic 
scales are built for com- 
modities of specific physi- 
cal characteristics and usu- 
ally cannot be adapted to 
commodities of widely 
different characteristics. 
"These scales сап be built 
(о handle practically any 
type of dry material. 

Automatic scales are 
often used in conjunction 
with equipment {ог paci 
ing produets into conta 
ers such as valve bags 
where the opening is small 
and some device must be 
used to carry the material 
through the valve into the 
bags. Another instance of 
this is the use of auger 


n- 


packers which are used to pack material which must be compressed, 


Fro. 07.—Richardson Duo-Sorew feed bulk weighin| 
scale having two feed screws, each fitted with spocial 
flush governor to control delivery of powdered or 


pulverized materials from bin to scale weigh hoppers. 
From bin From bin 
Screw Type 
Feeder” M 
Ф, 
C <= № 
e [4 $ S scole 
To scale \ са 
Spike Type 
Feeder 


68.—Installutions for proper feeding pf automatic 
scales. 
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"The illustration shows а Richardson net- 
weighing, automatic-bagging scale for gran- 
ular and ground materials. It has a power 
feed with dustproof housing, and the 
principal operating levers and other parts 
are mounted outside the casing to be away 
from dust, ete. There is an agitator in the 
feed chute, the style of which is varied to 
suit the material. The agitator is connect 
ed with the feed gate which stops agitation 
while the feed gates are closed. It hus a 
hand pull and ап automatic discharge 
mechanism. ‘The manufacturer claims that 
it will weigh batches of 50 to 300 Ib. вв 
required and, depending on the free-flowing 
characteristics of the product, will pack from 
1 to more than 12 bags of 100 Ib. capacity 
per minute. 

The hopper shown at the top of the 
photograph of the Hoepner seale is connect- 
ed to the outlet of the bin discharge. The 
bucket itself is suspended on scale beams in 
the usual manner. This intake hopper is 
equipped with two openings, one a large size 
intended for the flow of the bulk stream and 
the other а small one intended for the drib- 
ble stream, At each of these openings 
there i» а gute operated by the bucket. Fia, 0.1 ‘ 
"The boti SEER scala Dugkel'inequipped мий БИ АГАШЫ aie re, 
with a gate which likewise is controlled by weighing powdered, ground, and 
the movement of the bucket itself. dusty materials, 

With the bottom gate closed and the top gates open, the flow of material 
passes into the bucket. When about 90 per cent of the load to be weighed 


Ела. 70.—Hoepner 02 seale—enclosed type. 
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passes into the büeket, it starts to descend, and the start of this descent 
closes the main gate, shutting off the-flow from the larger opening into the 
scale. "The small passage remains open, permitting a very much reduced 
flow of material to pass into the bucket, and the continued weight of this 
material passing through the secondary opening, causes the bucket to descend. 
в still greater distance, and eventually trips a mechanism which causes the 
dribble gate to be closed. At the same time the discharge gate at the bottom 
of the bucket is opened, permitting the material to flow into the container 
beneath the discharge spout of the seale. 


—Hoepner 02 scale. 


Fig. 71.—Hoepner 02 le—enclosed. Fre. 
type. 

It is possible to change the weight of the material being weighed in the 
scale by the use of different poise weights, much the same as in the ordinary 
platform scale. 

Auger Packers. Certain materials will not settle by vibration or shaking. 
‘These produets Вауе to be forced into the container by means of an auger 
or screw which creates sufficient pressure to deaerate the material and com- 
press it. The compacting sometimes takes place before the material is 
discharged into the container. ° The compressing type of packers are usually 
used in conjunction with automatic scales. ‘They slow up the operation of 
packing and are used only where the character of the product requires it. 

This auger packer preweighs and then compresses by operation of the auger 
in a tube which surrounds it. The product is then forced into the container. 

There are other types of compressing packers devised to meet speci 
conditions; for instance, there is a packer which weighs the product after 
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compressing it and before packing in the container. This type of equipment 
18 not satisfactory for produets which tend to aerate after compression, 
Hand Weighing. In this operation the container is attached to a scale. 
and the operator closes the hopper's filling gate as the container is filled to 
the desired height or weight. The accuracy of this operation depends upon 
the skill of the operator but, on the average, is not as accurate as automatic 
weighing. Often the container is filled to the approximate amount required, 
and then the container is transferred to a platform seale where the weight 


Fra, 73,—Richardson scale and Risco packer for packing material into bags or drums, 


is adjusted by the “put-and-take” method. Additional speed is obtained, 
but it requires two operators. 

‘The practice of filling predetermined weights into containers is fast replac- 
ing the custom of filling each container as full as possible. The advantage 
of this is the reduction in human error of filling and reduced cost of record 
keeping, billing, etc, 

The most efficient type of equipment for predetermined weighing is tho 
“over-and-under” type of indicating scales as they increase accuracy and 
speed of filling. 

This sacking scale is equipped with the over-and-under indicator. Tt will 
handle loads up to 200 Ib. at а rate of speed of three to six bags per minute, 
It is designed to fit directly under a storage hopper outlet and occupies в total 
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— 
а. 74.—Riehnrdson eonveyometer and Risco horizontal packer for deaeratinz and 
packing materíal into paper bags. 
EXACT 
WEIGHT 


a [] е 
Fro. 75.—Exact Weight sacking scale. a, front view; b, side view; с, over-and-under 
indicator. (The Exact Weight Scale Co.) 
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space of 48 by 21 by 58 im. It can be floor mounted, swing mounted, or 
suspended. This scale is equipped with a 
dust-tight bag holder, elliptical in shape, 
which allows for retention in shape of bag— 
ап important consideration when closing 
open-mouthed paper bags by machine sewing. 
This platform scale is also equipped with an 
over-and-under indicator which has a long 
indicator travel to increase accuracy in fast 
weighing, The weighing accuracy is not 
impaired by out of level position or machinery 
vibration. All working parts are enclosed, 
and the rail attached to the platform supports 
the bags. 
Falve-bag Packers, "The introduction of 
multi-wall paper bags has led to the develop- 
ment of several filling and weighing machines 
of particular interest. There аге several 
types of equipment which will weigh and 
pack into valve bags a wide variety of 
powdered and granular products. Valve Е 
bags are closed at both ends save Гог а small „ Fic. 76.—Exact Weight plat- 
Opening or "valve" in one corner through form senle for check or hand 
Which the materialis injected. This valve efe gaj Г 200 26 
is ко designed ав to be self-closing due to 5 


Valve Bag Packers 
T 


Approximate pro- 
Type ‘Typical products | Type scale. eee tae 
| ` | мы. 
LÀ = Е и: 
Standard impeller packer Cement Gross weighed | 94 | 25 to 70% 
lime Gross weighed | 50 y 
Limestone Gross weighed | 50 to 100 : 
Plaster | Gross weighed | 80 to 100 . 
Horizontal impeller-sha | Soda ash | Gross weighed | 100 15 to 20° 


Vertical impeller-shaft packer | Tale Gross weighed | 100 10 to 15% 
Clay Gross weighed | 100 
Bicarbonate of sod | Gross weighed | 100 

Belt parker. Alum. Gross weighed | 100 25 to 40 on 1001." 
Bicarbonate of soda | Grosa weighed | 100 two tube 


Granular soda ash | Gross weighed | 100 


Belt packer Calcium chloride | Preweighed | 100 151025 on 10015; 
Sugar. Preweighed 25 to 100 | two tube 
Salt Preweighed |25 to 100 
Charcoal | Preweizhed | 25 to 100 
Alum Preweighed | 25 0100 
Dog food Preweighed | 25 to 100 
Tapered screw packer Flour Preweighed |24098 |8 10 on 98 Tb." 
Caleimine. Proweighed |24 098 
Starch | Preweighed | | 24 (098. 


S Production varies dependent on type of installation, size of bags being packed, physical properties of 
produet, ete, 
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the internal pressure of the contents as the bag is withdrawn from the filling 
tube. For granular products the valves are equipped with paper “sleeves” 
which, folded manually, prevent sifting. 

Machines used for the filling of valve bags are of the impeller, belt, and 
ecrew types and are equipped with either preweighing or gross weighing 
scales. The tabulation p. 2301 shows the available types of valve bag filling 
machines with their rates of production. 

The standad impeller-type machine consists essentially of a continuously 
running shaft equipped with feeder blades which, mounted in a housing, 
force the material through the filling tube into the valve bag. 


Fic. 77—Shifting-tube belt packer. 


The other impeller-type machines (horizontal and vertical shaft) are similar 
in principle, the differences being in the arrangement of the impeller blades 
and that the impeller shaft is started and stopped at the beginning and end 
of the filling cycle for each bag rather than turning continuously. 

The belt-type machines аге used primarily for granular products and 
especially for crystalline products whose physical characteristics may be 
changed in passing through an impeller-type machine (see Illustration). 

With the belt-type machines the packing principle is as follows: The material 
flows or is fed from в hopper over the packing machine through an inlet lead- 
ing to a deep groove in a rotating pulley to which it is confined by an endless 
belt pressing against the outer flanges of the pulley. As the pulley 
rotates (at а peripheral speed of from 1500 to 2100 ft. per min.), the material 
is pressed against the belt by centrifugal foree and is rapidly accelerated. 
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After rotating through an. are of 90 deg., the material is discharged at a 
tangent to the pulley through the filling tube and into the bag. 


Flow regulator 
Flow hopper~ 


Control unit --—| 

To charge call le je ---Восќеў 

(Hand or automatic)| Front View 
of Grooved Wheel 


Hopper- 
Baffle- Groove Т} Ах 
Adjustable S] 
restrictor” | Belt 
Hopper spout- 
Section through се Te: 
grooved wheel- ZL ply Filling tube 
Feeder be/t-— —Majn 
Belt tension, drive 
idler pulley’ pulley 
Main drive = Clutch 
belt shaft 
Motor- 
SPARE “Settler 
/Adjustable flow Section through 
|y control gate bin and feeder 
Operators Slat -idler 
platform, !conveyor „7 roll, 
feeder у i tahke. 
160 ЕВ, 
packer 


Fre. 70.— Typical belt-packer installation with belt feeder. 


On the two-tube gross weighing machines of the belt type, a settler arrange- 
ment is provided to agitate the bag and settle the contents during a part of 
the filling cycle. On the preweighing machine of the belt type the settler 
provides such agitation during the complete filling eyele. ВеЙ-уре machines 
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are ordinarily equipped to pack 100-Ib. bags but special attachments are 
furnished for the filling of 25-, 50-, and 80-1Ь. bags as well. 

Bag-closing Equipment. Combined Automatic Scales and Open-mouthed. 
Multi-wall Paper-bag Closing Equipment. The Bagpak Model A has been 
designed to net weigh material, introduce the charge into paper bags, and 
to close them with the heavy reinforced stitch closure. It is а multi-station 
fully automatic machine, requiring only one operator, and it has a varying 
production capacity with a maximum of over 1000 bags of 100 Ib. capacity 
per hour. 
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. 80.—Model А Bagpaker, 


‘This machine has a revolving turret around the periphery of which the 
bags are carried on individual spouts. Automatic devices prevent the charge 
from being dropped in the event that the operator fails to insert a bag, 
Further mechanisms jog or settle the material in the bags. Automatic bag- 
gripping cartier chains divert the filled bag from the turret and guide it 
through & sewing unit which applies the heavy reinforcing stitch and then 
through a taping mechanism which folds a strip of heavy crepe paper over 
the end and glues and presses it into place. The sewing unit and taping 
mechanism are mounted over a straightaway bag conveyor at the disoharge 
end of the machine. This conveyor delivers the filled and closed bags to 
take-away conveyors or hand truck: 

Sewing Unit (Fig. 81): Hoepner No, 150 heavy-duty type, gear driven from 
main drive shaft. Sewing head equipped to apply various types of double 
or single stitch seam, including the Cushion Stitch Closure. 
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Conveyors. Circular steel roller conveyor underneath turret—slat type 
on ihe straightaway, separate motor driven, 

Controls. Continuous operation motivated by two control switches, 

Scales. "This machine is equipped with two or three scales, dependent, 
upon the production speed required. These are the Hoepner automatic 
bucket scales. On such materials as are not readily free flowing, scale feeders 


Fro. 81—Моде! A Bagpaker 


are required. They епа steady stream of material at all times, thus 
preventing inaccuracies in weighing. . 

Portability. This machine is not portable. 

Dust Collectors. Dust hoods and collectors with suitable outlets for oon- 
nection to an exhaust system are recommended in the case of materials that 
tend to “dust easily, 

Motors. The straightaway conveyor and entire closing unit is driven by а 
1}4-b.p. motor. The revolving turret and settling devices are driven by a 
1-В.р. motor. Scale feeders, when required, are driven by n motor the size of 
which is dependent upon the material handled but in any case will not be 
over 5h.p. All motors are of dustproof type. 

Bag Holders. The problem of holding bags on automatic and manually 
operated bag hoppers often requires special equipment. The round hopper 


2306 MOVEMENT AND STORAGE OF MATERIALS 


with a holding device, usually a ring, is most often used for textile bags. 
Sometimes the hopper operator merely holds the textile bag over the lip of 
the hopper with one hand while the bag is filling. 


Fro, 82.—Dustite bag holder. Fic. 83.—Side view of Dustite bag 
A conveniently placed spring clip holder with bag removed. 

holds the bag preparatory to 

clamping and the entire bug 

opening is complotely closed and 

held tight in one operation. 


The most desirable type of bag holder for paper bags is oval in shape, and, 
where the bag must be suspended above the floor, grippers are used ns shown 
in Figs. 82. and 83. It is important to preserve the oval contour of paper 
bags if they are to be closed by machine sewing or difficulties will be encoun- 
tered in that operation. 


Ела. 84. 


‘Swellgrip bag holder, 


Recently, a new type of container holder has been introduced which holds 
the container by means of inflating a rubber tube that is attached to the periph- 
ery of the bagging spout. It uses 10 to 15 Ib. of air pressure and one valve 
inflates and exhausts the air, It is adjustable for different sizes by adjusting a 
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pressure regulator. This device is available in diameters from 6 to 16 in. in 
two widths. The smaller width (314 in.) handles bags varying not more 
than 214 in. in width and up to 100 lb. in weight. The large size (Sin. wide) 
handles bags that vary 6 in. in width and up to 400 lb. in weight. 

‘This holder reduces escape of dust and, by suspending the bag from the 
top, it allows filling without voids. 

Liner Insertion. "The insertion of crepe-paper liners into bags appears 
on the surface to be a very simple operation, but, if the paper liner is to be 
of any value, it must be properly and carefully inserted. Bearing in mind 
that the function of the liner is to prevent sifting and to eliminate con- 
tamination of the product by the container, it must depend for its strength 
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on the container, This, therefore, requires that the liner be inserted to 
conform completely to the contour of the outer container or liner breakage 
will result from the filling operation or the abuses of handling or transporta- 
tion. "The illustration shows a simple and efficient table to be used for bag 
liner insertion. In this instance the inserting boards should be made adjust- 
able во they can be accommodated to bags of various sixes. The lined bag 
should be removed by grasping at eenter of the bottom of the bag, thus 
forcing paper liner into corners of bag. 

When the container is filled, the bag liner should be folded or rolled down 
before closing the bag. being sure that there is enough slack in the liner to 


а 
Те 
то И Ds 


Fra. 87. 


conform in shape to the top of the bag after closing, otherwise shifting of 
the contents will rupture the liner, The liner should never be closed with 
the bag proper either by tying or sewing, as it 18 impossible to make a com- 
bined closure without setting up stresses which will result in liner ruptures. 

Sleeve-nalve Baga, The valve bag is described under the heading of Weigh- 
ing and Bagging Equipment. This container is preclosed at the bag factory. 
Sometimes these containers are equipped with sleeves to prevent the slight 
sifting that occurs through the valve from finely powdered products. This 
sleeve, or paper tube extension of the valve, must be tucked into the valve 
hole by hand after the bag has been filled. 

Hand sewing for textile bags only. The mouth of the bag is rolled down 
(Fig. 80) and hand-sewed with a eooper’s needle and heavy jute twin 

Wire tying for textile and paper bags. The bag mouth is gathered by 
pleating and wire tie applied by a twisting tool (see Fig. 87). 

Machine Sewing. Both textile and paper bags may be closed by machine 
sewing. There are many ingenious installations of the sewing machine which 
have been devised to meet a great variety of production conditions, varying 
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from a conveyorized production line (taking the output of one ог more auto- 
matic scales) to the small volume operations where one operator fills, check 
weighs on a platform scale, and closes the 
bags. 

Large textile bags are sewed with either 
the single-thread chain stitch or the two- 
thread, double-locked stitch. Either stitch 
ean be used on paper bag , but the insertion 
of a filter cord on the top side of the stitch 
is recommended to prevent sifting through 
the needle punctures. This feature does 
not complicate the operation of the sewing 
head. 

‘The illustrations Figs. 88, 90, and 91 show 
the two different heavy-duty sewing heads Fro. 88. 
which are designed to close heavy textile and multi-wall paper bags. 

A Union Special sewing head, shown in Fig. 88, which is typical of the 
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Fro. 80.—This illustrates the Union Special head mounted as deseribed under style 

80600-Н. | 
heavy-duty class 80600, is used for sewing textile and paper bags. ‘The uses 
for special styles are as follows: 


80600 #— For closing paper bags using a filter cord guided under the presser foot to 
seal needle punctures. Produces double-locked stitch. Stitch range 4 to 
8 per in. 
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80600 F— Produces single-thread chain stitch—otherwise same as style 80600 E. 

80600 H— For closing multi-wall paper bags, using a crepe-paper binding and simul- 
taneously inserting а filter cord. Machine is equipped with an automatic 

hanieal tape clipping device; it produces the double-locked stitch. 

machine is recommended for closing bags made from heavy-weight 
fabric. It produces the double-locked stitch, 

80600 AD—Same as style 80000 AC except it makes th 


80600 AC 


gle-thread chain stitch, 


à сир 
po x 
D a 
pe 
* nS 
р й 
Tra. 00.— Hoepner sewing head, 


ШЕ! 


Ела, 91,—Ноерпег sewing head. 


The Hoepner sewing hend uses the well-known principle of two threads 
forming а chain stitch. ‘These heads have been particularly designed to 
meet the rough requirements usually found in plants closing bags as large as 
1001b. or greater. The mechanism of the head is practically entirely enclosed 
to protect it from the dust and dirt which are invariably found in operations 
of closing bags of this kind. 
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The head is mounted on either a pedestal alone or on a pedestal over a 
conveyor, and it can be arranged to run continuously or can be started and 
stopped as the operator requires by merely depressing a treadle. Some 
of these heads are operated as high as 3200 r.p-m, 


Fra, 98. 


‘These sewing heads can be mounted to fit almost any need. In Fig, 92 
‘s shown a heavy-duty head, mounted on а tandem pulley, cable, and counter- 
weight. ‘The machine operates by а hand lever and is pulled by the operator 
across the top of the bag. 

Another mounting (Fig. 93) is on а swing-head support that travels across | 
the bag and is operated by foot control. There is a convenient mounting for 
closing bags which are check-weighed on a platform scale. Figure 94 has a 
traveling head and suitable base for supporting platform scale. 
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For larger production and more efficient sewing, the head is mounted to 
synchronize with a belt or slat conveyor which carries the bag mouth through 
the stationary sewing head (Figs. 95, 96, and 97). If bags are to be hand- 
trucked, it is desirable to run bags upon inclined conveyor for delivery to 
handler at waist height. 
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"The bag-closing machinery in Figs. 98 and 99 has been specially provided 
with special taping devices for closing multi-wall paper bags by several equip- 


ment manufacturers. These devices vary somewhat in detail, such as sewing 
through the ereped tape or taping over the sewing, and some of these machines 
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automatically cut the tape. In every instance but one the bag is guided by 
hand through the machine. In this latter ense the bag is placed by hand 


Fra. 97. 


ов the conveyor, a chain is then lowered to hold the bag mouth, and tbe 
operator steps on the treadle. The machine moves only far enough to clear 
the space where the bags are loaded on the conveyor. 
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"The D. A. Bagpaker, which will serve to illustrate this class of paper bag- 
closing equipment, sews or sews and tapes over the sewing as desired (see 
Figs. 98 and 99). 


This machine consists of a sewing unit and а tape applicator, mounted in a 
fixed position over a bag conveyor which is adjustable vertically for various 
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bag lengths, and is designed for use in plants that already have weighing 
and filling facilities and where only the bag-closing equipment is desired, 
"This machine is designed to handle paper bags of from 25 to 100 Ib. capacity- 

Sewing Unit: Hoepner No. 150 heavy-duty type, equipped to apply 
various types of double or single stitch seam, including the cushion stitch 
closure. 

Conveyor: Entire unit driven by one l-h.p. dustproof motor, Starting 
and stopping of sewing head ав well as operator of thread and tape cutters 
actuated by the bags themselves and fully automatic, Depression of con- 
venient foot pedal will stop instantly all parts of machine for any emergency. 

Portability: Machine mounted on casters and readily portable. 

Filling and Weighing Equipment for Packing Dry Materials into 
Drums, Barrels, and Kegs. Container economy often requires agitation of 
barrels, large drums, and kegs during filling. This prevents weighing until the 
approximate weight has been packed when the 
container is removed from below the filling | 
hopper to a platform scale. The correct | 
weight is Вей adjusted by the put-and-take Supp hopper | 
method. dusf cover and || 

Automatic Seales nre occasionally used for v/Brofor 
weighing and dumping into large rigid con- \\ 
tainers, but the speed of these devices often i) 
makes it difficult to pack, as insufficient time is 
allowed for settling. ‘The best plan in using 
automatic scales for barrel filling is to divide 
the weight to be packed into two or miore 
dumps of the scale and have the „container 
agitated throughout the operation. The lay- as, 
out of Fig. 100 shows an agitator settling the 
load at the filling spouts After the approximate == 
weight has been packed, the container is 
moved by roller conveyor to check-weigh scale 
and then removed to warehouse, 

Liner Insertion. ‘The same general principles 
for liner insertion described under Bags apply 
for the proper insertion of liners into kegs, 
barrels, drums, and boxes, but the methods 
of арр 


ation are different because in this 28а Agitator 


instance we are dealing with rigid containers. | == Searing 


"The best and most commonly used method is rollers 


to draw the liner over a form which is of the 
proper size for the container to belined and then 
insert the form in the container. The liner is Fia. 100. 

pulled down over the sides of the rigid container and the form removed. 
Figure 101 shows proper lining of a barrel. 

After filling, the liner is folded down in the top of the rigid container with 
sufficient slack to conform. to the shape of the closed container. 

Agitators. Vibrators are used during the packing of bags, barrels, and 
drums for quick settling of the products, thereby effecting economies by 
reduction in container size Most vibrators are adaptable for use with 
barrels, drums, or bags. 

‘The Syntron vibrator, shown in Fig. 102, consists of a vibrating platform 
with the vibrator mounted under the cushioned top plate. The motion is 
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Inserting 
form 


101.—Method for inserting егерей paper liners into barrels. (1) Insert the 
device into the lining aa far as it will go. (2) Fold inwardly the ears formed by t 
operation and insert the lining and device into the barrel, (3) Fold the lining down 
over the chime of the barrel and remove the device, (4) The bottom of the lining lies 
‘smooth in the bottom of the barrel, 


УР-125 
Fro. 102.—8yntron vibrators. At the righ 
tions below are for the 


hown a vibrator for drums. Specifica- 
brators at the left, 


Models 
Specifications 


YP-15 | ҮР-55 | VP-I25 


Capacity. 300 Ib. 750 1b. 
‘Deck demensior в 20 by 20 in. | 30 by 30 in. 
Overall height... ШИ 15 in. 
Net weight (packing machine) 135 Ib. 27516. 
Shipping weight (machine and controller) 20015. 350 Ib. 


horizontal in direction at the rate of 3600 vibrations per minute. This ја 
accomplished through the use of a thermionic valve that changes alternating 
current to pulsating waves with a time interval between. 


BULK-PACKING EQUIPMENT 2317 


"The Vibrox packer (Figs. 103 апа 104) has an oscillating and vibrating 
motion somewhat similar to the figure 8. It comes equipped with а 1-h.p. 
3notor and should be installed at floor level to prevent lifting of containers, 


Fro. 108.—Motor-driven single Vibrox. The Vibrox bag packer can be used for 
packing chemical fertilizers, dry chemicals, dairy feeds, dairy mashes, poultry mashes, 
linseed meal, cottonseed meal, molasses feed, alfalfa meal, and all other kinds of soft 
feeds und similar materials that are packed in bags, 


Borrel out 
E КЕ zi 
Platform У “x Ehe motor’ 
[tone Prod ЧеШОгрль | 


Fic. 104.—Vibrox barrel agitator. 
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Filling and Weighing Equipment for Packing Liquids into Drums 
ог Tight Barrels. Liquids are measured either by weight or by volume. 

Volume Method. When using the volume method, it is necessary to adjust 
for expansion or contraction by correcting to а set temperature. The 
illustrated meter has a temperature-control dial which can be quickly set 
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blet valve controlrod, 


Hinged cover ~ 
Quantity selector 
Emergency 
stop, 


Clow control valve 
NO Ди 
contro) 


Се 


|| 
Temperature adjust- PA 
Рета. 


ра 


Fro, 105,—Bowser barreling meter. Его. 106.—Bowser barreling meter. 


Fra. 107.—Bowser barreling meter on portable carriage. 


and corrects volume to a set temperature basis. It automatically stops tho 
flow of liquid when proper volume has been filled into the container. One 
man ean perform all duties: rolling empty barrel into position, filling, mark- 
ing, and rolling the filled barrel away. бе Figs. 105, 106, and 107. 
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Sizes: Available with either а 11$- or with 2-in. meter. Both sizes are 
equipped with the temperature-control dial for compensating measurement 
io а 60° basis. 

‘onstruction: All exterior parts are built of cast iron; interior paris made 
of bronze and stainless steel. Cylinders equipped with bronze liners; pistons 
are leather-sealed type. 

Capacity: 1}9-in. size has a maximum capacity of 50 gal. per minute. 
2-in. size has a capacity of 110 gal. per min. 

Pressure: Both sizes have a maximum capacity of 50 lb. In most cases, 
however, the maximum flow can be secured at much lower pressure. 

Range: Either size can be furnished to deliver predetermined quantities 
in single gallons from 14 to 60. May also be had in the same range for 
imperial gallons. However, the meter can be furnished to deliver only ай! 
United States gallons or all imperial gallons—not a\combination. 

Continuous Counter: Records in gallons to 1,000,000, and repeats. Cannot 
be set back. 

Temperature-controt Dial: All models are equipped with temperature- 
control dial for compensating measurement to a 60° basis, Glass covered, 
metal holder furnished for temperature adjustment ch: Holder attached 
and held in place by inserting under meter cover cap screw. The specific 
gravities of liquid and the temperature at which barreled must be specified in 
order that proper chart can be furnished. 

Quantity Selector: Gears made of steel, set by sliding the bar connected 
to the selector gear into the proper slot. Equipped with zero positioner for 
use in setting mechanism in zero position in the event that previous delivery 
was stopped before the predetermined quantity was discharged. Counter 
and quantity selector mechanism enclosed under a hinged metal cover, easily 
raised when necessary. 

Emergency Stop: Permits flow to be stopped at any time, Евре 
desirable for sampling, ete, 

Control Value: Made of brass; shuts off flow automatically when the pre- 
determined quantity has been discharged. Manually opened by pushing 
knob on rod attached to valve. Single-stage type for use where inlet line 
pressure is 25 lb. or less—double-stage type where pressure is over 25 Ib. 
but not in excess of 50 Ib. 

Flow-controt Valve: For use on all installations where the inlet pressure is 
in excess of 25 Ib. 

Hose: Made of oil-resisting, pliable synthetic rubber. Furnished in same 
je as meter pipe connections. 

ев: Made of bronze. Equipped with built-in check valve to prevent 
huts off instantly when flow stops. Furnished with two tips— 
156 and 214 in. for filling barrels with small or large openings. 

Swing Joint: Permits unit to be turned in a 360-deg. arc for convenience, 
Connects to inlet pipe line. 

Connections: Inlet: Furnished in 114- ог 2-in. pipe sizes. 

Discharge: Same size as inlet, An L-type connection permits hose to be 
attached to end or bottom connection. Pipe plug included. 


ally 


Strainer: For removing dirt and other foreign matter from the liquid. 

Air Release: To remove air from the liquid, preventing inaccuracies in 
measurement. Assistsin absorbing impact pressures. Necessary when liquid 
is discharged by pump pressure, 
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Weight Method. Where random weights are used, the container is filled 
to the desired level and then check-weighed. The container is either filled 
оп а scale or is placed on a scale after filling. Where predetermined weights 
are used the container must be filled on a scale. 


Fro. 109.—Vol-U-Meter mercury switch. А mercury-tube cut-off switch placed 
the extreme end of the scale beam automatically closes the valve the instant the beam 
rises. This switch does not interfere with the sliding beam weight and can be moved 
vertically to vary the closing time of the valve. At the right is shown an interior view of 
mereury-tube cut-off switch in "OR" position. Line is opened or closed by action of 
mercury bath flowing over terminals sealed into end of glass tube. All arcing takes 
place inside a sealed glass tube. 


The Vol-U-Meter is an electrically controlled valye (Fig. 108) for filling 
containers over 5 gal. capacity which can be operated from a light socket. 
‘This equipment operates by means of a mercury-tube, cut-off switch (Fig. 
109), placed at the extreme end of the scale beam which automatically closes 
the valve the instant the beam rises. 

The complete Vol-U-Meter unit includes: 


1 valve. 
1 telescopic spout, or 
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1 no-drip spout, or 

1 flexible hose connection. 

1 mercury-tube cut-off switch. 

1 transformer 100 or 220 volt if alternating current is used, or 
1 resistance coil if direct current is used, or 

1 hot shot battery if no other current is available. 

1 yoke for attaching cut-off switch to scale. 

1 snap switch to cut off current when unit is not in use, 

1 coil of rubber-covered wire (15 ft.) 


Valve Specifications: 
Intake 2 in., discharge 1 


Spout plain or no-drip. 
Valve dimensions 14 in. high, 5 in. wide, 8 in. deep. 


Metal: 


Bronze, cast-iron, or aluminum valves are standard, 
Special alloys can be obtained. 
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‘There are several efficient installations of this equipment; those illustrated 


in Figs, 110 to 112 аге the most important. 


Fre. 110; 
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COAL 

Of the solid fuels, only coal and the coke derived from it are of prime 
importance industrially. Within limited areas, a few other solid fuels, such 
аз cordwood, sawmill wastes, bagasse, and bark, are used in considerable 
quantities 

Trend of Bituminous Coal Consumption in the United States. 
Table 1, prepared by Otero and Tryon for the National Bituminous Coal 
Commission, indicates the general trend of bituminous coal consumption in 
this country since 1918, 

Storage of Coal. Underwater storage avoids weathering and danger of 
spontaneous combustion and is now in common use. For out-of-door 
storage, the danger of spontaneous combustion and inconvenience therefrom 
are lessened by ob&erving the following rules: 


1. Do not pile in such а way as to permit segregation of lump and fine coal, for this 
increases the likelihood of fires starting in the segregated fine coal, 

2. Do not store coal that hus been out of the mine less than a month, When freshly 
mined, conl goes through an initial weathering period during which it is particularly 
prone to spontaneous ignition. 

8. Do not pile too high, for this tends to prevent escape of heat from regions of local 
heat development in the pile. 

4. Take the temperature of the pile regularly. A temperature above 50°С. ар any 
point is a danger signal, 


The storage space necessary for coal varies somewhat with the distribution 
of sizes. For run-of-mine coal, it is safe to allow 42 cu. ft. per net ton for 
soft coals and 37 cu. ft. per net ton for anthracite. For prepared sizes, allow 
about 10 per cent higher space in both cases. 

Specific Heats. Coals differ considerably in specifie heats, depending on 
the kind of coal, its ash content, etc. The range is from about 0.25 to 0.38. 
For metallurgical coke of 5 per cent већ, the specific heats shown in Table 2 
have been determined. 

Spontaneous Combustion of Coal. The primary cause of spontaneous 
combustion of coal is the oxidation of the coal substance itself. Moisture and 
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Table 1. Changes in the United States Consumption of Bituminous 
Coal by Such Classes of Consumers as Report Currently and by 


АП Other Consumers, 1918-1938 
In thousand net tons 


Consünnad ín the United States: Exported: 
| || =] Г те 
3 Pu | о 
Yer | Fi | Bunk- | Oem Total | "To | other 
ашау power | er | Mu И сө | Canada|, вош 
fuel | Жш. |foreign | cl jee- чыз | sump- | and | tries 
18 | trader | caa P hive. [prodat ч | ons 
| ovens | ovens 
В | اسیا‎ ы. 
1918 6,189 | 134214] «9| 36868 | 258,141 530,593] 
1919 8224 | 119,692) 29,730 | 35,857 | 241,993] 481,658 
1920 10,486 | 135.414) 31,986 | 44:205 | 257.484] 508,595 
192] 8453 | 107/910) 8473 | 28713 | 197590, 391,849 
1922 4,615 | 113,163] 13,286) 41/053 | 2121788) 426,915, 
1923 5,093 | 131-492] 30.084 | 54.276 |250317| 5189931 
1924 4.460 | 117247, 15914 | 49.061 | 253,148) 
1925 4,866 | 117.714] 17,423 | 57,110 | 256,082) 
1926 7,236 | 122/823) 19,225 | 63,647 | 272.111 
1927 4:565 | 115,883 11.208 | 63,240 | 258,087 
1928 4294 | 112.382| 7,018 | 70,166 | 259,016) 2114 | 514,992 
1929 $287 | 113/894] 10,028 | 76:759 | 264,987 2702 | 536,984 
1930 34 5,321 | 236397 2210 | 470,867 
1931 21 197306 1,479 | 383,995 
КЕР 13 174081 385 [315,731 
1933 | 180,659 437 | 330,785 
1934 192,518 656 | 357,912 
1935, 198,956) 360; 698 | 370.034 
1936 1622 | 81130) 228.850 422,796 743 | 433451 
1937 1832 | 82667| 218.403] 425,420 1,093 | 438,505. 
1938 1332] 69622 [198236 338.733) 929 [349223 
| | 


^U. 8, Geological, Survey and Federal Power Commission. Representa all conl consumed by public- 
utility power planta in power goneration, including а small amount of anthracite, 

b Bureau of Foreign and Dor 

*Interstate Commerce Commission, Represent bituminous coal consumed as locomotive fuel by elan I 
steam railways, excluding switching sud terminal companies. Does not include powerhouse, shop, nud 
station coal, 

40.8, Bureau of Мика. 

• Obtained by subtract ug the known items from the calculated total consumption,  Ineludes general 
manufacturing, domestie, and many miscellaneous us 

1 Production plus imports minus exports, plua or. 

9 Noto that consumption includes the small amount imported. 

5 Preliminary, Consumption iu 1938 was reduced by the business recession and by abnormally mild 
weather, the year being one of the warmest on record. 


pyrites in the coal are contributing factors, as are many other items, such as 
size of the coal and particularly the segregation of fines in the coal pile, expo- 
sure to the sun, steam pipes, or any external source of heat, 
Table 2. Specific Heat of Coke 
‘Temperature Average Specific 
Range, °C, 
0 
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The rate of oxidation in most coals inereases only very slowly with the tem- 
perature up to about 50°С. If conditions for oxidation are particularly 
favorable and conditions for heat dissipation are poor, the temperature 
rises above this point, more rapid oxidation occurs with still further increase 
in temperature until finally the kindling point of the сол] is reached. For 
most bituminous coals, the kindling temperature is above 150°C, 

Classification of Goals. No entirely satisfactory scheme of classifying 
coals has been devised, although many have been proposed using various items 
and ratios selected from the ultimate and the proximate analyses. The U. 8, 
Geological Survey and the U. 8. Bureau of Mines use a classification, shown 


Table 3. Classification of Coals by Rank* 


] 
| Limits of fixed carbon or Вл, | Requisite physical 
Chass Orc | ninetul-tontter free basis "горела 
d i а ас: 
1. Metaranthracite | Dry F.C.. 98% от more (dry V.M., | Noragglomeriing* 
% or o) 
2, Anthracite Dry F.C., 92% or more and less 
1 Anthracite | (а . 8% ог less 
3, Semianthracite 86% or more and less 
% (dry УМ. 149% or less 
and more than 69) 
| 1, Lov volatile bito- ог more and loss. 
minous coal % (dry V-M., 22% or loss 
and more than 14% 
2, Medium | volatile | Dry F.C., 69% or more and Jess 
bituminous coal | than 78% (dry V.N., 31% or less 
and mote than 22%) 
3. High volatile A | Dry 
П, Bituminowse | bituminous coal 
4, High volatile B | Moist4 Вил, 13,000 or more and 
bituminous coal | leas than 140004 
5. High Moist Вал, 11,000 or more and | Either anglon 
bitumi less than or nonw 
n 1. Subbituminous A 11,000 or more and | Both weathering and 
coal 000 non-agglomerating 
HI, Subbituminous | 2. Subbituminous В '9500 or mare and less 
coal 
3, Subbituminous C | Moist Ва. 8300 or more anid less 
coal | 
| 1, Limite. | Moist ВА, less than 8300 | Consolidated 
|2 Brown coal | Moist Bi les than 8300 Vnconsolidated 


fixed carbon. 
volatile matter, 
lussifiation does not include a few coals which have unusual physical and chemical properties and 
ch come within the limits of fixed carbon or B.tu. of the higb-volatile bituminous and subbituminous. 
ranks. All these coals either contain less thun 48% dry, mineral-matter-free fixed carbon or have more 
than 15,500 moist, mineral-matter-free B.t.u. 

® Tf sgglomerating, classify in low-volatile group of the bituminous class, 

£ Tt is recognized that there may be non-caking varieties in each group of the bituminous class. 

4 Moist Bf, refers to coal containing its natural bed moisture but not including visible water on the 
surface of the coal 

* Coals having 69 % or mors fixed carbon on the dry, mineral-matter-free basis shall be classified according. 
to fixed carbon, regardless of В, _ 1 

There are three Varieties of coal ip the high-volatile C bituminous coal group, namely, variety 1, 
agglomerating and non-weathering; variety 2, agglomerating and weathering; variety 3, non-agglormerau 
and non-veathering. 


офи 
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in Table 3, which has been adopted as standard by the A.S.A. and the A.S.T.M. 
(D388-38). 

The classification of Seyler has been adopted by the publication Fuel. 
Tn this scheme, the percentages of carbon, hydrogen, and oxygen plus nitrogen 
as revealed by the ultimate analysis are adjusted so as to add to 100 per cent. 
The carbon and hydrogen are then plotted on rectangular eoordinates, certain 
areas of the graph being assigned to what Seyler terms the species and genera 
of coal. Seyler's classification is represented in Table 4. 

‘The Parr scheme of classifying coals is given in the International Critical 
Tables.” 

Specific Gravity. It is necessary to distinguish between the apparent 
specific gravity of а lump of porous material, such as coke, and the true 
specific gravity of the substance forming the lump. The A.S.T.M. has 
adopted standard methods for determining the true and the apparent 
specific gravities of coal and coke. 


Table 5. Typical Specific Gravities 


Specific gravity 


Pores, 
Tod e 
| The | Apparent 
Bituminous coal. . | 1,25-1,45 | 
By-produot coke. 5 1.25-2.00 0.75-1.1 
Low-temperature coke. 1.50-1.75 0.5 -1.1* 30-70 
Charcoal., «si.s» | 741.7 | 03-06 | 65-80 
Anthracite... 14-17 
Wood....... 0.5-1.1 


* By unusual procedures in preparing the coal previous to carbonization, and control of carbonization 
onditions, un apparent specific gravity as high as 1.4 may be obtained. 

The Dulong Formula for Calorific Value. For most high-rank coals, 
the calorific value сап be estimated from the ultimate analysis with an 
accuracy within 2 or 3 per cent by means of the Dulong formula: 


B.t.u, per Ib. = 14,544 X fraction C + 62,100 X (fraction Н — 3% fraction 
0) + 4050 X fraction S 


Sampling of Coal. It is of utmost importance that coal and coke 
sampling be earried out rigorously in accordance with a standard method 
such as that adopted by the A.S.T.M. (D 21-16, D 271-37, D 346-35). 

Ultimate Analysis of Coal. The percentages of carbon, hydrogen, 
nitrogen, and sulfur in the dry conl sample are determined by direct analytical 
methods. The percentage of ash is determined by the method used їп making 
the proximate analy: The sum of these components is subtracted from 
100 and the difference called the “per cent oxygen" in coal. This procedure 
does not give quite the true composition of the coal, for the sulfur may be 
largely in the form of FeS: or mineral sulfates which do not appear as such in 
the ash. Furthermore, the carbonates present in the ash are reduced to 
oxides and the water of hydration in the minerals driven off. The ash found 
is, therefore, not the true mineral content of the coal, and the undetermined 
error in the ash is reflected as an error in the oxygen (see typical analyses, 
Table 6). 

Proximate Analysis of Coal. The proximate analysis is а set of numeri- 
cal values obtained when a coal is subjected to a series of purely arbitrary 
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procedures which have been standardized by the A:S.T.M. The moisture 
is determined by drying the coal at 105°C. for 1 hr. The ash is obtained as 
a residue on burning the coal. The loss of weight оп. heating the coal 7 
min. at 950°C., minus the moisture, is called the volatile combustible 
matter, and the coke residue, minus the ash, is called the fixed carbon. 
‘The total sulfur is usually determined in connection with the proximate 
analysis. The results obtained in each procedure depend to some extent on 
the details of the methods used, and the arbitrary standards adopted by the 
A.S.T.M. must, therefore, be followed carefully. 
ће proximate analysis is the most widely used procedure for evaluating 
coal, particularly when the general characteristics of other coals from the 
same district are known. The proximate analysis, however, falls far short 
of being а complete evaluation of the coal for any опе of the uses to which 
coal is put. 

In Table 6 are given the results of proximate and ultimate analyses of 
typical American coals of various rank 
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Table 6. Proximate and Ultimate Analyses of Typical American 
Coals* 
АН data on the nsh-free and moisture-free basis 


Volatile sare | Nie 


Fixed | Sul- Care Оху- | Вам. 
Rank combustible | carbon | fur bon | t | ш | perils 
matter P4 

Montana lignite. 52.9 47 1 1.5| 5.1 | 70.5 | 1.5 | 21.4 | 1200 
Wyoming subbituminous. 40.5 59.5 0.5 | 4,8 | 76.6 | 1.1 |170 | 13,030 
Pennsylvania bituminous. . 30,2 69.8 11] 59| 87.1 1.4 | 45 | 15,560 
West Virginia 19.5 80.5 0.8 | 4.7 | 90.7 | 1.6 | 2,2 | 15,670 
Pennaylvut 9.9 90.1 0,8 | 3.7 | 91.6 | 1.3 | 2,6 | 15410 
Pennsylvania antl 6.2 93.8 | 0.6 | 2,7 | 94,0 | 1.0) 1.7 | 14070 


* Analyses selected from data of U. S. Bureau of Mines, 


Ash Fusing Point and Clinker Formation. A standard procedure for 
determining the softening and fusing points of a coal ash has been adopted 
by the A.S.T.M. Ashes which fuse in the range 1900° to 2200°F, are con- 
sidered Гош fusing; those in the range 2200° to 2600°F., medium fusing; 
and those from 2600° to 3100°F. or over, are considered ns non-fusing.- Та 
general, low-fusing-point ashes cause trouble through clinkering, but several 
factors in addition to the ash fusing point affect the clinker formation. 

Sufficient data are not yet available for predicting the fusing point of а 
coal ash from the chemical analysis of the ash except within wide limita. 

Briquetting. Roll presses are used almost exclusively in American 
practice. .Conl-tar pitch and petroleum asphalt.are the two binders used most 
extensively. Pitch of about 170*F. melting point is usually specified, or 
asphalt of 50 to 60. penetration test. It requires 8 to 10 per cent pitch or б 
to 8 per cent asphalt to give а satisfactory briquet. “Sulfite pitch," obtained 
by evaporating the black liquor from paper mills using the sulfite process, is 
used to a small extent as a binder, usually in admixture with asphalt or other 
binders. Starch is used as a binder for charcoal briquets; An emulsion of 
asphalt in starch paste (Hite binder) has been used successfully in two planta 
making anthracite culm briquets. The asphalt renders the briquet water 
resistant, and by replacing a part of the normally required asphalt with 
starch, в less smoky briquet is obtained, 
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Coals differ considerably in the ease with which they can be briquetted, 
and this is particularly true of bituminous coals. 

The A.S.T.M. Standards on Coal and Соке. Inasmuch as nearly all 
the methods of testing coal are empiric, it is necessary to use specifically 
defined procedures. A compilation of standards relating to coal and coke has 
been published by the A.S.T.M. covering the following: 


Specifications for Foundry Coke, 

Method of Sampling Coal. " 

Definitions of Terms Relating to Cósl and Coke. 

Method of Shatter Test for Coke. 

Specifications for Gas and Coking Coals. 

Method of Test for Volume of Cell Space of Lump Соке, 

Method of Test for Fineness of Powdered Coal, 

Methods of Laboratory Sampling and Analysis of Coal and Coke, 

Method of Test for Cubic Foot Weight of Crushed Bituminous Coal, 

D 292-29 Мейо of Test for Cubic Foot Weight of Coke. 

D 293-20 Method of Test for Sieve Analysis of Coke. 

Method of Tumbler Test for Coke. 

D 310-34 Method of Test for Sise of Anthracite. 

D 311-30 Method of Test for Sieve Analysis of Crushed Bituminous Coal, 

D 346-35 Method of Sampli е for Analysis. 

D 388-38 Specifications for ication of Coals by Rank. 

D 389-37 Specifications for Classification of Coals by Grade. 

D 407-85 T Definition of the Terms Gross Calorific Value and Net Calorific Value of 
Fuels (Tentative). 

D 408-37 T Method of Test for Grindability of Coal by the Ball-Mill Method (Tentas 


tive), 
D 409-37 Т Method"of Test for Grindability of Coal by the Hardgrove-Machine 
Method (Tentative), 
D 410-88 Method of Test for Screen Analysis of Coal. 
D 431-38 Method for Designating the Size of Coal from Its Screen 
D 440-37 Т Method of Drop Shatter Test for Coal (Tentative). 
D 441-37 T Method of Tumbler Test for Coal (Tentative), 


lysis, 


D 492-38 T Method of Sampling Coals Classed According to Ash Content (Tenta- 
tive). 

D 403-38 T Definitions for Varieties of Bituminous and Subbituminous Coals (Ten- 
tative). 


E 11-38 T Specifications for Sieves for Testing Purposes (Wire-Cloth Sieyea, Round- 
Hole and Square-Hole Screens or Bieves) (Tentative). 


Formation of Coal. Тһе initial changes by which vegetable matter is 
converted into coal are presumably those occurring in every peat bog, the 
chief of which is the decomposition of the cellulosic and lignitie tissue of 
plants and their transformation into a class of amorphous substances known 
as ulmins. The ulmins in peat are soluble in caustic alkali, but after the 
peat has been buried and the subsequent coalification process proceeds, the 
ulmins become less апа less soluble and in high-rank coals are quite insoluble 
in caustic. When a cosl is subjected to mild but prolonged oxidation, the 
ulmins again become soluble in caustic alkali, the amount of oxidation 
necessary being greater the higher the rank of the coal. 

‘Those parts of plants which are particularly resistant to decay, such as 
spore exines, cuticle, and cell walls, are not altered sufficiently to lose their 
structural identity, either by decay in the peat bog or in the subsequent 
transformation of peat to coal. Microscopic examination of coal reveals a 
great variety of such plant structures imbedded in a matrix of amorphous 
material. Coal also contains resins and other by-products of plant cella 
which have evidently passed through the coalifieation process unchanged. 
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The Macrostructure of Coal. If a small lump of bituminous coal is 
examined, it will usually be found to consist of laminae. Across the faces of 
the lump at right angles to the original bedding plane of the coal, the cross 
sections of these laminae appear ns bands. The four ingredients of coal 
giving rise to these bands have been given distinctive names, although much 
confusion arose from attempts to correlate the terms used by different investi- 
gators, particularly those in England and the United States. The brightest 
of the ingredients has been called vitrain by British investigators, and is to 
be correlated with the anthraxylon discussed by American writers. It is 
derived from single pieces of woody material. The clairain of British writers 
is also а bright coal, although not so bright as vitrain, and it forms the slightly 
duller bands noted in American coals. It is an attritus of plant debris, and 
has been called transparent attritus in some recent American writings. 
The dullest ingredient in British banded coals has been called durain. It 
is also an attritus but is characterized by its opacity. It does not ordinarily 
occur in typical ican banded coals but is the main ingredient of American 
splint coal. The fourth macroscopic ingredient, of coals is mineral charcoal 
or fusain. 

Rational Analysis of Coal. The fact that the ulmins in coal of any rank 
may be rendered soluble in caustic alkali by mild oxidation permits a resolu- 
tion of the coal into its natural components. Wheeler [Engineering, 124, 
344 (1927)] and his coworkers have thus analyzed separately the bright, dull, 
and charcoal-like parts of a British banded coal with the following resulta. 


Table 7. Rational Analysis of Component Bands of Hamstead Coal 


Ulmin | Organized | rrydrocarhons General character of 
Band compound | Plant, а the plant entities 
% nit 4 
m 5 3 cle and spore exines 
B 5 2 | Cuticle, spore exines, and woody tissues 
20 80 Nil Woody sues 


* Vitrain does, however, show plant structure. Curtis. 


Carbonization 


When the temperature throughout a small mass of crushed bituminous coal 
is raised slowly, say at 2°C. per min., the following typical events occur. 
Gases are evolved almost from the beginning, the rate of evolution being 
very slow at first, with carbon dioxide, carbon monoxide, and water vapor as 
the principal components. As the temperature rises, the composition of the 
evolved gases changes continually. Traces of gaseous hydrocarbons, particu- 
larly methane, appear early in the process, As the temperature exceeds 
100°C., there may be а more or less marked increase in the rate of water-vapor 
evolution. As the temperature continues to rise, liquefiable hydrocarboi 
appear in the volatile products, but the rate of evolution of gases and vapors 
continues low until the softening temperature of the particular coal is reached. 
A conl does not fuse at a well-defined temperature, but for each coal there is 
а short temperature range, characteristic of the coal, within which enough 
liquid products form to cause the whole mass of coal particles to coalesce 
more or less completely. The degree of fusion varies widely for different 
conls, from only а slight sintering together of the individual particles to a 
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fusion so complete that the coal liquefes and all trace of individual particles 
disappears. 

‘The rate of evolution of volatile products formed by decomposition of the 
coal rapidly increases as the temperature rises above the softening point. 
If the coal is one which fuses sufficiently to become plastic, the evolved gasea 
form bubbles which work their way out of the plastic mass, causing it to 
become spongy. As decomposition of the coal substances progresses, with 
continued evolution of volatile products, the plasticity of the coking mass 
grows less and less, until finally the bubbles are trapped and the mass takes 
on в fairly rigid cellular structure. Further evolution of gas can then occur 
only by diffusion through the cell walls or through cracks in the structure. 

The temperature range during which fusing coals are in a plastic condition 
is relatively small, seldom more than 100°C. and often less than 50°С. Since 
nost fusing coals soften below 410°C., it follows that in most cases the 
end of the plastie range lies below 500°C, The degree of fluidity, the rate of 
gas evolution, the rate of temperature increase, and probably several other 
inetors combine to determine the lump or apparent specific gravity of cellular 
coke, which forms at the end of the plastic range. The true specific gravity 
of the coke substance remaining at 500°C. is always in the neighborhood of 
1.5, 


Table 8. Softening Temperatures of Typical Coals* 


Volatile 
Volatile | Fixed омы gor. 
| combus-| eur- | Ash, | tible | Sof 
‘Trade name | Locality. tiblo | bon, | per | matter | enm 
| matter, | per | cent |(ash-free| н" 
| per cent | cent basis), | С 
| | per cent, 
| | 
Island Creek. Toland Creek | Logan Со, W. Va. 394 |553| 53| 41,6 | 390 
Brilliant. Black Creek | Marion Co., Ala 38.3 |590) 2,7| 394 2d. 
Black Ba: Winifred W. 38.1 | 57.8 | 4.1| 39.8 
Benham.. Keokeo A 37,2 | 60.4 | 2.4 | 38.1 390 
Pond Crock, Pond Creek Ve [359 |622) 19| 36 | 380 
Hazard. Hazard No. 6 358 |590| 5.2| 37.8 d 
Big Moshannon... | Moshannon Pa. 258 | 67.7] 8.5 | 26.0 | 4n 
Davis, . Pool 71 Tucker Co., W. Va. 23.1 | 70.0 | 6.9 | 24.8 395 
Beckley Beckley Raleigh Co, W.Va. | 173 | 810] 18| 176 | 430 
Btineman,. fata aed or | Cambria Co., Ра. WA | 76.1 | 6.7 | 18.4 45 
wer Freeport 
tanning | Garrett Co., Md. 163 |1314] 8.6) 17.9 | 435 
Fulton Broadtop field in east- | 15.9 | 77.6 | 6.5 | 17,0 ^ 
«| Big Yen Allegany Co., Md 15.0 | 74.0 | 1.0] 168 | 440 


* From Ball und Curtis, Ind, Eng. Chem., 22, 137 (1930). 

1 Non-fosing coal. 

As the temperature of coke is carried still higher, several processes occur 
simultaneously. Volatile products continue to be evolved and the coke 
pieces shrink in volume, these two processes being opposite in their effect во 
far as the apparent specific gravity is concerned. Depending on the nature of 
the original coal, either may predominate, ie., the apparent specifie gravity 
may either increase or decrease. The true specific gravity of the coke sub- 
stance, however, always increases, going from about 1.5 at 500°C. to 1.9 or 
higher at 1000°C. The reactivity of the coke decreases steadily during the 
devolatilization process, and for most cokes the hardness and the strength 
of the coke likewise increase with the devolatilization. 
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"The Plastic Stage in CoalCarbonization. Most coals below the rank of 
anthracite and above that of lignite undergo some degree of fusion when 
heated. Such coals do not have sharply defined fusing points, but for each 
coal there is a characteristic temperature within a few degrees of which the 
coal will soften. The method of Foxwell (Fuel, 3, 122 (1924)], as modified 
by Layng [Ind. Eng. Chem., 17, 165 (1925)] and later by Ball and Curtis 
Und. Eng. Chem., 22, 137 (1930)] for determining the plastic range of tempera- 
ture, is based on the fact that, if a stream of inert gas is passed at a constant 
rate through a column of crushed coal while the temperature of the coal is 
slowly raised, а marked increase of the resistance to gas flow through the 
column may be observed when the coal softens. 

Dilatometer methods of studying the plastic condition of coal have-been 
used by Agde (Brennatoff-Chem., 10, 1929) and by Damm [Fuel, 8, 163 
(1928)]. J. D. Davis of the U. S. Bureau of Mines has devised a successful 
plastometer and Giesler (Glückauf, ТО, 178, 1939) has also described a 
plastometric method. The A.S.T.M. has not as yet adopted a standard 
method of characterizing the plastic condition of coal. 

Products of Coal Carbonization, When coal is carbonized, a complex 
mixture of compounds passes off in the volatile fraction leaving coke ns a 
residue. In a by-product coke plant, the volatile fraction is subjected to 
cooling and’ scrubbing operations which finally yield from a ton of coa 

1, About 12,000 cu. ft. fuel gas running approximately 550 B.t. 

2. Two to four gallons of erude light oil removed from the 
with oil, 

3. An aqueous liquor containing ammonia, ammonium salts, and various other wa 
soluble compounds. This liquor is usually heated with a slurry lime to remove ull 
the ammonia and is then discarded. 

4. Ammonia, recor d ns indicated above and also serubbed out of the fuel the 
yield being about 51b. In most coke plants all the ammonia is converted to ammonium 
sulfate and sold as such, 

5. Tar, amounting to about 12 gal., is collected from v 
train of equipment. The tar is composed of 
substan ch ue naphthalene, anthra 
liquid mixture. 

In the ordinary соке oven and gas retort, the volatile products liberated 
from the coal are subjected to subsequent eracking by the hot coke and 
hot walls, and the volatile products listed above are therefore not those 
initially liberated by the coal. In the various low-temperature carbonization 
processes, there is much less cracking of the initially liberated products, 
and the volatile products finally collected are therefore different, both ‘in 
character and in relative amounts. Typical yields for a low-temperature 
carbonization process operating on а high-rank fusing coal of 35 per cent 
volatile are: 


per ou. ft. 
gus by scrubhing 


ious pointa in the by-product 
of liquids and of crystalline 
, dissolved in the complex 


Semicoke (12% volatile combustible табег)............... 150016. 
Tar... ы ай ае чан Set 30 gal. 
Light oi МЕ. n2. 1M 2 gal. 
Ammonin 31b. 


Gas, 050 B.t.u. per cu. ft... ....- 3000 еч, ft. 


The Agglutinating Power of Coal. Committee D-5 of the A.S.T. M. 
^as proposed a method of determining the agglutinating value of coal. This 
method involves measurement of the crushing strength of buttons obtained 
through carbonization of mixtures of coal and silicon carbide under specified 
conditions (see *''A.S.T.M. Standards on Coal and Coke," prepared by 
Committee D-5, October, 1938). 
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Tar-forming Temperature of Coal. When the temperature of a mass 
of coal is slowly increased, say at the rate of 1° or 2°C. per min., water vapor, 
carbon dioxide, and gaseous hydrocarbons are evolved almost from the 
beginning of heating, the rate of evolution being very slow at first but gradu- 
ally increasing. Presently hydrocarbons or related compounds liquefiable 
at room temperature begin to distill. The temperature at which this “tar”! 
is first observed will obviously depend somewhat on the method used to 
make the observation. As the coal passes into the, plastic condition, the 
rate of tar evolution increases rapidly and presently passes through a maxi- 
mum, after which it decreases rather rapidly with rising temperature and 
presently becomes zero. Berry (Univ. Wisconsin, Bull. 35, 1914) studied tar 
formation from 11 American coals of carbon-hydrogen ratio from 19.1 to 10.6. 
He records initial tar-forming temperatures ranging from 260° to 375°C, 
maximum rate of tar formation for all but two of the coals lying somewhere in 
the temperature range 350° to 500°C., and the rate of tar evolution decreasing 
to zero before reaching a temperature of 600°C. in all cases except one. 

Using а different apparatus, and English coals, King and Willgren (British 
Fuel Research Board, Tech. Paper 16, 1927) observed liquefiable oils liberated 
from bituminous coals at temperatures in the range 215° to 245% 

The Reactivity of a Solid Fuel. No generally accepted method of 
evaluating that property of a solid fuel called "reactivity" exists today. The 
British Fuel Research Board (Tech. Paper 18, 1927) has adopted в method 
which consists in heating a screened sample (10- to 20-mesh I.M.M.) to 
950°C, in a stream of nitrogen under standardized conditions and then 
measuring, nt various intervals of time, the carbon monoxide formed when 
100 се. carbon dioxide are passed over the sample at a rate of 5 cc. per min. 
Since the reactivity of most solid fuels decreases slowly at 950°C., the British 
Fuel Research Board defines three activities: 

Reactivity I. The sample is heated to 950°C, in a stream of pure nitrogen during 
the course of an hour, nitrogen іа then passed through the sample for another hi 
followed by 100 се, carbon dioxide and the determination of reactivity then made with 
a further 100 се. pure carbon monoxide. 

Reactivity IL. The reacti: is determined in the same manner after nitrogen has 
been passed over the sample for 5 hr. at 950°C. 

Reactivity ШІ. If, after determining Reactivity I, the passage of carbon dioxide 
be continued at 950°C., and new measurements of reactivity be made from time to 
, lower and lower values will be obtained until finally the reactivity becomes prac- 
tically constant ata minimum value. This is called Reactivity III. 


At 950*C., equilibrium in the system COs: CO: C calls for 98.7 per cent CO 
(the equilibrium value varies somewhat for different kinds of carbon). The 
number of cubic centimeters of carbon monoxide formed from 100 ce. carbon 
dioxide, i.e., the reactivity value, is limited to a maximum of 197.4 

Typical values for Reactivity I, as determined by the British Fuel Research 
Board's method (Tech. Paper 18, 1927) are: 


Active carbon..... 
Low-temperature briquet. 
By-product cok 
Beehive coke... . 1 
1% must be emphasized hat the numerical values obtained depend on the 
method, and the procedure laid down by the British Fuel Research Board 
must be followed in detail if results comparable to its values are desired. 
A number of methods other than that described above have been proposed 
for determining the reactivity of a solid fuel, particularly of coke. Most of 
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these depend on the rate of reduction of carbon dioxide to carbon monoxide, 
but the rate of reaction between the hot coke and steam has also been used. 
Parr [Ind. Eng. Chem., 19, 820 (1927)] has taken the ignition temperature in a 
stream of oxygen as a measure of the reactivity of a coke. Parr found that 
the ignition temperature of coke from а Franklin County, Ill., coal increased 
with the temperature at which the coke had been made in the following 
manner: 


Table 9. Effect of Coking Temperature on Reactivity 


Coking Temp., Reactivity Temp., 
°C. ^ 
500 144 
600 178 
700 218 
800 314 
900 456 


"There is a rough correspondence between the ignition temperature of a 
coke, its reactivity toward carbon dioxide, and Из renctivity toward steam. 

Burning of Coal on Grates. Most conl used as a fuel industrially ia 
burned either on mecha ly operated grates and stokers or in powdered 


Table 10. Summary of Information on Stokers 


Orosio ee 


Chain grates | 
| 
Description, | Fuel from hopper Js car-| Grate extends from hopper | Raw coal la. pushed. up 
ried horizontally into fur- | into furnace at a rather | through the fuel bed and 


nage оп a continuous | steep Incline, although | cinder falls off onto cinder 
web, "The web is cooled | coal only flows down if a | plata, Gases are di 
coming out through the | rocking or plunger move- | tilled in an oxidising at- 


ash pit snd returns to | mentisimparted to grate | mosphere, Capable of 
coal hopper, bars. high overloads. 
Poel used, „..|!. Coke breeze, steam All coals can be used. | High-volatile coals, coking 


Sixes of anthracite, or | Good allround stoker. | coals, and slack or fines 
2. High-volatile mid-west-| Is mainly used on mid-| шау be burned. Ash 
ern coals, In general | westfuels, Coking coals | must not be easily fusible. 
any non-coking, clinker- | can be used, Will burn 
ing coal may be used, but | refuse fuels. 

preferably no mixtures, 


Draft, Natural: 0.25 to 0.60 in. | Natural: 025 to 06 in, | All forced draft, 
Normal: 2 to А48. water 
1- to Zin. water pressure in wind box, 
pressure with coke. Maximum: 5- to Таи, 
^in. water pressure eater presure ln wind 
x. 


with Пао and similar 
Hate of combustion, | Average: 30-5, | Average: 25-35, Average: 30-40. 
Tb, per sq. ft. per | Maximum: 45-60. Maximum: 40-30. Maximum: 60-80, 
hr 101b. per û1 for 10 1b. per Ма. water 
natural drafta; prere. 
Меша regulation. | 1. Height of coal grate. | 1. Rate of planger feeder, | I. Rate of feed, 
2 Speed of erate 2: Rate of ash removal: ` | > Amount and distribu- 
3, Amount and distribu- | 3, Amount aod distribu) tion of Bast, 
tion of ale, tion of ai, 
Misses... | Wath for Hye ls gl rema seed for sh | АЛ ава over inkor 
lover end of grate. removal at mes and бе plate to bura out cinder. 
must be cleaned. Fuel bed from 12 to 24 in. 


deep, 
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Fro, 1.—Principal methods of feeding coal in industrial furnaces. (А) hand-fired; 
(B) over-feed stoker; (C) ehain-grate stoker; (D) under-feed stoker. (From Haslam and 
Russell, "меда and Their Combustion.") 
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Fic. 2.— Сове of unit pulverizers vs. capacity. (From Haslam and Russell, “Fuels and 
Their Combustion.” 
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Рю. 3,— Сове of preparing powdered coal by the unit ystems (From Haslam and 
Russell, “Рина and Their Combustion.) 
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moisture, and fineness in pulverizing Pennsylvania 
т and Russell, "Fuels and Their Combustion") 


Fis. 4.—Relation between сара 
bituminous coal (From Hus 
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form, Hand firing of furnaces, except in locomotives and in very small 
installations, is obsolete, In Fig. 1 there is shown diagrammatically the burn- 
ing of coal on a hand-fired grate and on grates mechanically fed with coal. 
A summary of information on stokers is presented in Table 10 from Haslam 
and Russell, ‘‘Fuels and Their Combustion," McGraw-Hill, New York, 1926. 


Powdered Coal as a Fuel 


Within the past decade the quantity of coal burned in powdered form has 
increased enormously. The high thermal efficiency of powdered-coal-burning 


Per Cont (200 mash) 
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Fra, 5.—Relation between power consumption, fineness, and moisture content in 
pulverizing Pennsylvania bituminous coal, (From Haslam and Russell, "Fuels and 
Their Combustion. 


installations, their low cost of operation and maintenance, and their high 
flexibility under changing load conditions more than offset the cost of drying, 
pulverizing, and handling the coal. 

Broadly speaking, there аге two types of powdered-coal installations, 
namely: 


1. The unit system, in which the coal is ground, mixed with part or all of the air 
required for combustion, and blown directly into each combustion chamber, 

2. The storsge system, where the coal is ground and sent to storage, being subse- 
quently drawn from storage, mixed with air, and blown into the combustion chambers, 
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In general, the unit system has been used for small furnaces burning only à 
few tons per hour, the storage system being used in large installations. The 
unit system enjoys the advantages of simplicity, low first cost, and small 
floor space, as compared with the storage syst The major item of cost 
in а powdered-coal system is in power consumption for grinding, and here the 
advantage lies with the large installation. 

‘The cost of unit pulverizers vs. capacity is shown in Fig. 2 (from Haslam 
and Russell, loc. cit.) and the total cost of preparing coal іп a unit pulverizer 
is given for various capacities in Fig. 3 (op. cit 
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Fra. 6.—Cost of preparing powdered coal in storage systems, (From Haslam and 
Ruasell, "Fuels and Their Combustion”) 

In storage systems the total cost of preparing the coal for burning will 
seldom run higher than 55 cts. per ton, and costs of about 45 ote. per ton аге 
often reached, as against an average of about 65 cts. in unit systems. 

Fineness of grinding and moisture content of the coal greatly influence the 
capacity of fine grinders and therefore the cost of grinding conl. In Fig. 4 
(op. cit.) is given the relation of capacity to moisture and fineness of grinding 
for в Pennsylvania bituminous coal. 

In Fig. 5 (op. ci.) is shown how power consumption in grinding is affected 
by tho moisture and the fineness of the coal. 

An approximation to the total cost of preparing coal їп а storage system 
of pulverizing coal is shown in Fig. 6 (loc. cit.). 


MISCELLANEOUS SOLID FUELS 


Petroleum Coke. In several of the commonly used operations in petro- 
leum refineries, в coke residue is obtained. Typical analyses of petroleum 
coke are as follows: 


Per Cent 
Volatile matter... -niin и. ere 
Fixed carbon. A ec 1 По: 80-05 
Ash... - Trace to 1.5 


. 0.53 
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Petroleum coke is used largely in the manufacture of dry cells, carbon elec- 
trodes, and electric-furnace resistance elements. 

Gas Coke. Gas coke is the residue remaining from the manufacture of 
coal gas. It is very soft and easily friable and із not suitable for use in metal 
foundries or furnaces. It is used mainly in the manufacture of water gas. 

Peat. Peat is commercially unimportant as a fuel in the United States; 
no sales of peat for use as fuel were reported to the U. 8. Bureau of Mines in 
1939. 

‘Typical analyses of peat are shown in Table 11. 


Table 11. Analyses and Calorific Values of Air-dried Peat* 


| "pm 
ж Ж ater | Ach | Sulfur | of irda 
Kind of peat | Locality | а гч * | tae 
| | Вл, per Ib, 
| 
Brown, fibrous | Fremont, N. Н.........| 6.34 | 7.93 | 0.69 9200 
Brown, fibrous. Hamburg, Mich. 7.50 6.55 0.28 9,090 
Light brown, fibrous. Rochester, N. H. | 11.64 | 4.06 0.22 9,083. 
Dark brown. .... Westport, Conn. | 12.70 4.12 0.24 8.590 
Brown, fibrous. | Westport, Conn. в | 38 | 0:19 7891 
Brown... Kent, Conn... | 2.10 7.2 0.83 7.684 
Brown, bruh: 1:: | Cicero, N. Y. 14:57 | 732 | 02 756 
Brown..... | Black Lake, N. Y | 8.68 16.61 0.99 7,522 
Brown, fibrous. | Ea Martine, Wis. 9:95 | 1677 | 0.79 7,468 
‘Salt marsh. | 13.50 12.04. 1.94 2319 
Black. A 6.62 24.11 1.01 7,186 
Brown, libros. IM i | 6% | 18:77 | 038 694 
Brown, sandy.. Kent, Conn... 9.06 | 36.06 1.46 5924 


* U. B, Bureau of Mines. 


Wood. The fuel values of different woods (except resinous woods) aro 
nearly proportional to their weights on a dry basis, ‘The resinous woods 
possess higher heating values than the non-resinous ones. ‘Table 12 gives 
pertinent data for various woods. 

Charcoal. Charcoal is the residue remaining after the destructive distil- 
lution of wood. It absorbs moisture readily, often containing as much ns 
10 to 15 per cent water. In addition it usually contains about 2 to 3 per cent 
ash and 0.5 to 1.0 per cent hydrogen. The heating value of charcoal is about 
12,000 to 13,000 B.t.u. per Ib. 

Straw. Depending upon its moisture content, straw has а heating value 
of from 5000 to 6500 B.t.u. per Ib. 

Tanbark. Tanbark is the residue remaining after the bark has been 
used in tanning operations. It usually contains from 60 to 70 per cent water 
and has a heating value of 2500 to 3000 B.t.u. per lb. In using tanbark aa 
a fuel в very large combustion space is required. 

Bagasse. Варнаве is the solid residue remaining after sugar cane hag 
been crushed by pressure rolls, It usually contains from 40 to 50 per cent 
water and has а heating value of 8000 to 9000 B.t.u. per lb. ‘The fuel value 
of green mill bagasse is shown in Table 13 (from Marks, “ Mechanical Engi- 
neers’ Handbook," McGraw-Hill, New York, 1941). 
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Moisture in bagasse, % 


Table 12. Approximate Weights and Heating Values per Cord of Fuel 
Woods 
ar 3 
3 ed, ib, | Available beat units | Equivalent in heat 
Varlety of wood с: —| 
Green | Ad | бшш | Air dry | Green | Air dry 
Ash, white, | өю | эко 9 | 25 | oz | 0.79 
Beech... 5000 | 3900 7 | 202 | ој | 05 
Birch, yellow. | 5100 | 4000 4 | 209 | 075 | 0:80 
Chestnut: 4% | 2700 9 | 156 | 050 | 060 
Cottonwood 4200 | 2500 7 5:0 | 0% | 0% 
Elm, white. | #ю | 3100 a | mz | ов 0:68 
Hickory.. 510 | 400 | 231 | 248 | ою | 095 
Maple sugar. 500 | 3900 | 204 | 218 | 078 | ом 
Maple, red 470 | 3200 17.6 191 | 0:68 | 0.73 
Oak, red. ..- | 5 | 5 | 196 | 27 | 025 | o8 
Oak, white | o | 4 | 24 | 259 | ов | 09 
Pine, yellow 2:1 20 | 0.81 0:85 
Pine, white. | 129 | 42 | 050 | 055 
Walnut, black 166 | 208 | 072 | 030 
Шат... | жао | 250 10.9 3.5 | 0.42 | 05 
= U.S. Dept, Agr.. Bull. 753, The Use of Wood for Fuel. 
+ Short ton (2000 1b.) of coal having a heating value of 13000 В.ч. 
Table 13. Fuel Value of Green Mill Bagasse 
| Виль. available for steam | Lh, bagasso equivalent to 


| generation 1 Ib. of 14,000 B.t.u. coal 

(a) | © | @ | о | о | w 
75 42 64 51.00 | 4139 | | 3,38 4.25 
7 39.22 a | 4 | 313 3:86 
7 35.15 452 | 4874 287 3.52 
81 30:21 4018 | 5350 2.61 3:19 
83 24.12 35.00 5958 235 2.80 
5 16:20 28:33 | 616 2:08 2.52 


(a), Based upon tropical caue of 12 per cent fiber and juice con! 
Based upon Louisiana eane of 10 per cent fiber and juice containing 


ing 18 per cont solid matter, 
per cent solid mattor, 


w 


LIQUID FUELS 


BY H. M. WEIR AND W. A. MYERS 


Source and Mode of Production of Fuel Oils. Except in unusual and 
relatively unimportant circumstances, the only commercial liquid fuels suffi- 
ciently cheap for power generation are certain fractions of petroleum oil. 
‘The term fuel oil, as used hereafter, will refer to these materials only. Since 
most of the fuel oil purchased on the market today has passed through а 
manufacturing process in а refinery, a general knowledge of the methods used 
їз helpful, if not necessary, to intelligent purchase. 

The petroleum refiner is engaged in the production of several major classes 
of materials from the various types of crude oils which are tapped from 
nature's underground res- 
ervoirs. Products com- 1300 
monly manufactured from 1200 
so-called “Mid-continent 4 
crudes" may be listed 2 1100 
roughly in the order of in- 1000 
creasing boiling range as: Б 
gasoline, kerosene or lamp oy 
oil, gas oil, fuel oil, Jubricat- S, 800 
ing oil, petroleum wax or р 
paraffin wax, asphalt, and 
coke, Crude oils obtained | 
in Pennsylvania, West Vir- В [Fuel oit | 
ginia, ete., yield practically 500 |—1 J (Dist & Resid) 
no asphalt and relatively & 400 
large percentages of par- 
afin wax. California, 


Mexico, Texas, ог Louisi- = 200 
ana Gulf const crude oils > 

contain negligible amounts 100 TERES | 

of paraffin wax and larger 0 | | | 
proportions of asphalt than 1925 26.27 28 29 30 3| 32 33 34 35 36 37 


Years, 1925—1957. 
в consumption in the United 
al Resources or Mineral Year- 
data not tabulated, 


the intermediate type 
(Mid-eontinent). The Руд. 7,—ОЙ and gasoli 
first step in the manufac- States. Data from Afin 
ture of all of these praducts books. Dotted lines indicat 
is a fractional distillation of the crude oil. The conditions maintained in this 
initial step suffice for separation but do not greatly alter the physical and 
chemical characteristics of any given fraction. 

киге 7 shows the indicated daily domestic consumption of all types of 
crude oil, most of which was “consumed” by refineries to make the products 
listed above. Figure 7 also shows the consumption (by ultimate consumer) 
of the two major refinery products: gasoline, and distillate and residual 
fueLoil listed together. It is evident from the graph (Fig. 7) that the demand 
for gasoline has advanced out of proportion to that for all other petroleum 
products. On the other hand, the natural composition of crude oils as a 
class has not changed during the last two decades. The refiner has met thia 
situation by supplementing and, to а significant extent, replacing non- 
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destructive fractional-distillation processes by the installation of "cracking" 
processes, which convert a portion of the other naturally occurring fractions 
into the lower boiling gasoline. Liquid residues from these cracking processes 
are usually sold as fuel oil, because of their quality and because no other 
product offers the necessary large-volume outlet. As a result of this eco- 
nomie situation, originating in and dominated by the demand for gasoline, 
very little American crude oil is now burned for fuel ax such, Fuel oils of 
today are usually mixtures of residues from cracking processes, together 
with larger or smaller proportions of corresponding boiling-point fractions, 
separated in non-destructive fractional distillation of crude oil. The higher 
boiling and more viscous the oil, the less suitable it is as a source material for 
refinery cracking units and therefore these “heavier” fuel oils are usually 
cheaper than the “lighter” (ower boiling) materials. 

From the refiner's standpoint, then, a fuel oil is that portion of crude oil 
and residues which cannot be economically converted 10, and marketed as, в 
higher priced product, either gasoline or one of the other materials mentioned 
above. Under Purchase of Fuel Oil are given the specifications by which such 
fuel oils are sold. If these specifications are met, satisfactory operation of 
suitable types of burning equipment is insured irrespective of the previous 
history of the liquid. 
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Purchase of Fuel Oils ^ 


"Units of Sale. Fuel oil is sold in the United States in multiples of the 
42-gal. barrel, the contents being measured at 60°F. Measurements made 
at other temperatures must be corrected to the standard, using expansion 
coefficients or the tables cited below under Quality of Material. 

"Though fuel oil is purchased for its available heat, this factor is never 
specified nor is it usually determined. Аза matter of fact, the heat of com- 
bustion per unit weight varies to a small extent only, However, since fuel 
oil is invariably purchased by volume, the differences in weight, hence ii 
heating value, should be allowed for in considering price. 


Checking Receipts and Testing Quality of Fuel Oils 

In drawing contracts and in making acceptance tests, it is advisable to 
refer to Petroleum Products and Lubricants, A.S.7.M. Rept. Comm. D2 
This report is issued annually and contains standard methods for determina- 
tion of any physical property. The descriptions of tests given below are 
intended only to indicate the nature of the tests. Actual determinations of 
these empirical factors should be carried out procisely as described in the 
above publication. 

Sampling the Oil and Determining Receipts. On receipt in con- 
sumers’ tanks, the volume of oil should be measured and its average tempera- 
ture CF.) obtained immediately. Any recognized method of sampling for 
Isboratory inspection may be used under conditions dictated by the fact that 
heavy fuel oil, especially, may not be homogeneous but may contain con- 
siderable water and salts in suspension or at the bottom of tanks. 

Specific Gravity. This determination complements that of temperature 
of shipments in checking the volume of receipts. Determination can be 
made by а hydrometer graduated in terms of specific gravity, but it is pref- 
erably made with a hydrometer carrying an arbitrary scale termed Degrees 
АРЛ. The latter is defined by 


141.5 
Гр تس دل‎ акс M 1 
P. = specific gravity 60876052, — 1815 


Degrees А 
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If the measured temperature of the oil is 60 + 30°F., the true volume at 
60°F. сап be determined with sufficient accuracy for most cases from the 
following coefficients of cubical expansion: 


Up to 35*A.P.I. = 0.0004 per degree 
35 to 50°А.Р.Т, = 0.0005 per degree 


Abridged volume-correction tables of greater actual and recognized legal 
accuracy will be found in the publication named above, the same being based 
upon a complete table in Nat. Bur. Standards Cire. 154. 

Specifications for Fuel Oils. The specifications described in Table 14 
are those promulgated by the Department of Commerce under the title of 
Commercial Standards CS12-38, issued May 31, 1938. 

Water and Sediment, (For Grades 1 to 5, Inclusive.) Standard Method 
of Test for Water and Sediment in Petroleum Products by Means of Centri- 
fuge, А.8,Т.М. Designation: D 96-35. 

Water by Distillation. (For Grade 6.) Standard Method of Test Гог Water 
in Petroleum Products and Other Bituminous Materials, A.S.T.M. Designa- 
tion: D 95-30. 

Sediment by Extraction. (For Grade 6.) Sediment in Fuel Oil by Extrace 
tion, A.S.T.M. Designation: D 473-38Т. 

Pour Point. Standard Method of Test for Cloud and Pour Points, A\S,T.My 
Designation: D 97-34. 

Carbon Residue. Standard Method of Test for Carbon Residue of Petro 
leum Products (Conradson Carbon Residue), A.S,T.M. Designation: D 
189-36, 

Ash. Procedure for Determination of Ash as Described in the Standard 
Methods of Analysis of Grease, A.S.T.M. Designation: D 128-37. Sample 
shall be thoroughly mixed to ensure that portion for ash determination ia 
representative of the sample. 

Distillation. Distillation of Grade 1 oil shall be made in accordance with 
theStandard Method of Test for Distillation of Gasoline, Naphtha, Kerosene, 
and Similar Petroleum Products, A.S.T.M. Designation: D 86-35; and of 
Grades 2 and 3 in accordance with the Standard Methods of Testing Gas 
Oils, A.S.T.M. Designation: D 158-28. 

Viscosity. ‘The standard test method designated as D 88-36 calls for 
the use of а Saybolt Furol or Saybolt Universal viscosimeter. The reading 
obtained is the time, in seconds, required for 60 сс, of ой at constant temperas 
ture to flow through the Furol or Uniyersal orifice under its own (continually 
decreasing) head. On the other hand, if relative values of viscosity only are 
required, the expensive Saybolt instrument may be dispensed with and a 
pipette-type viscosimeter such as described by Ferris [Ind. Eng. Chem., 20, 
974 (1928)] may be used, 

The Saybolt Риго orifice is to be used for viscous oils only and at a single 
standard temperature of 122°Е. If the oil shows less than 25 sec. efflux time 
at this temperature, its viscosity is to be measured at 100°F, with the Saybolt 
Universal orifice. The application of viscosity values to the design and 
operation of plant fuel-burning equipment is discussed on р. 2352. 

Flash Point. Special equipment is required for determining the flash 
point of fuel oil, according to the American standard method D 93-36 using 
the A.S.T, M. Pensky-Martens tester. The flash point has scarcely any con- 
nection with the manner in which an oil behaves in an oil burner. However, 
it does bear some relation to safety in storage even though it be obscure. In 
general, the lower the flash point, the greater the possibility of fire in storage 
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tanks due to а spark or flame. The small consumer will not find it necessary 
to check the flash poit of his fuel oils, but its value should be obtained 
from the réfiner and provision made to keep storage tanks well below this 
temperature. 


Fuel Oil vs. Coal 


Fuel Costs. Figure § will be of assistance in making this basic calculation 
with any given set of data. The example indicates that 1 ton of 9500 B.tcu. 
per Ib. coal burned 


in а furnace with 80 Per Cent Efticieny, Burning Cool Per Cent.Efficieney, BurmingOil 
per cent efficiency is IAT 10090 м 
equivalent to 3.5 70 [ АДЛ ho 
bbl. of 148,000 B.t.u. | 
per gal. oil burned in NI 60 
a furnace with 70 per | ы 
cent efficiency. = LA, ۹ 
Whereas, the utiliza- i Р 
tion of 80 per cent of 1 SiS T 
the heating value of ^ [coo > H 
coal is quite excep- EEEN Е 5a 
tional, this ratio of [UN Pound mw | 
heat into steam та. = щи | 
heat in the fuel is not SEM \Г 
uncommonly ob- gg] 
tained with oil-burn- gy 
ing equipment. jeum |] 
The average conl- hano | it 
burning boiler prob- Sy 314 25 
operates at ВО Бао Теп Cool 
ng less than (% во.выв) 


per cent efficien- 

On the other 
hand, an over-all 
boiler-furnace efficiency of 75 per cent should always be obtainable with fuel 
oil, providing the equipment is in reasonably good operating condition and 
firemen are alert and passably well informed. 

The higher average efficiency of oil-burning equipment reflects the relatively 
lower percentages of excess nir necessary for combustion and the absence of 
ashpit losses.’ Nevertheless, there is an unavoidable loss'in fuel-oil firing 
which may be considered to correspond to ashpit loss in coal firing. 

Complete combustion of oi) involves the formation of approximately an 
equal’ weight of water—since oil is About one-eighth hydrogen. The flue 
gases thus carry out the stack not only the sensible heat in the other gases 
but also all the latent-heat equivalent of the water (steam) formed. —Depend= 
пи on {һе oil used and the stack temperature, this loss may’ vary from 7 to 
9 per cent, whereas the corresponding “ hydrogen-stenm"' loss from anthracite 
coal is of the order of 2.5 per cent and from bituminous coal up to 4.5 per cent. 

Labor, The oil-fired plant shows a great, saving in labor cost over the 
hand-fived’ eoal-burning plant, chiefly because of the’ elimination of coal 
passing and ash handling. Even the most modern stoker and ash-handling 
equipment, or powdered-coal-burning equipment, as installed in larger plants, 
requires more labor than oil firing. А few firemen сап control a large number 
of oil burners efficiently and the labor connected with cleaning fires is obviated: 


B.—Conyersion chart, Number of barrels fuel oil equiva 
lent to 1 ton coal. 
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If the oil burners are properly controlled, it is not necessary to clean flues зо 
often as with equally well-operated coal-burning equipment. Good-class 
firing labor can be retained for oil-fired installations due to the pleasant work- 
ing conditions which obtain. As a matter of fact, only conscientious and 
intelligent firemen should be employed, for, though fuel-oil firing is capable 
of exact control, poorly informed or careless operators can easily waste several 
times their daily wage in the price of oil inexpertly burned. 

Operating Cost. The cost of atomizing fuel oil depends more on the 
primary cost of power, steam, or air than it does on the size of the oil-burning 
equipment itself. This follows from the fact that large installations consist 
of a number of small atomizing units. 

Haslam and Russell (“Fuels and Their Combustion," McGraw-Hill, 
New York, 1926) conclude from a questionnaire sent to 24 manufacturers of 
fuel-oil-burning equipment that the cost of steam, low-pressure air, or mechan- 
ical atomization varies from about $2.00 to $4.00 per 1000 gal, oil atomized. 
‘The cost of high-pressure air atomization (80 Ib. per aq. in.) is given as from. 
$6.50 to $8.00 per 1000 кај. These figures may be taken as good averages 
Гог preliminary calculation, but on account of the variation in primary power 
costs it is practically necessary to calculate each installation for itself, In 
general, the use of high-pressure air-atomizing burners can only be justified 
if special conditions obtain, such ав on ships where high-capacity burners 
are imperative and boiler water is expensive. 

‘The steam required for atomization of oil is, under the best circumstances, 
somewhat less than 1.5 per cent of the steam generated by the boiler, but 
many good burners require 2 per cent, a figure which may be taken as the 
average of good practice. Poor burners, poorly operated, may consume up 
to b рег cent of the steam generated with otherwise efficient boiler equipment. 

There is по corresponding cost of preparing coal for hand- or atoker-fired 
furnace since conl-passing costs are properly classed with labor, and crane 
or elevator operations are usually considered as a handling cost to be added to. 
freight. 

The cost of preparing powdered coal varies between 30,25 to $0.75 per 
ton, exclusive of fixed charges. The power used is 1.5 to 2 per cent of the 
output of the boiler equipment, hence is comparable to that required for oil 
burners using steam atomization, 

Repairs, Maintenance, and Depreciation. The repair and main- 
tenance cost of the oil-burning equipment itself is invariably small since 
the only moving parts in many installations are the pumps. Five to seven 
per cent of the total investment is usually ample allowance for repairs and 
fixed-rate depreciation of 10 per cent per annum is considered good practice. 

Ой fring is synonymous with high-temperature combustion zones, hen 
high-grade refractories must be used if the repair cost of furnace linings is 
to be kept within reason. However, the same applies to powdered-coal- or 
stoker-fired-soal-burning furnaces. The expansion and contraction of furnace 
linings, due to opening firing doors in hand firing of coal, are obviated by 
any of the above alternatives. Proportional decreases in maintenance 
cost partly, if not wholly, offset the effect of inherently high-temperature 
operations, 

Investment Costs, The investment required for oil-burning equipment 
is influenced largely by items of tankage and piping. Since the kind of tank- 
age and its location are frequently prescribed by local ordinance, these factors 
are not entirely under the control of the engineer. The oil-storage volume 
advisable per unit of oil-burning equipment is also contingent on regularity 
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of delivery, which in turn usually reflects the distance from source of oil 
supply- 

Ав a rough general figure, the investment may be assumed to vary from 
about $3000 per 1000 gal. of oil burned per day for small installations (150 to 
200 boiler h.p.) to about $1200 per 1000 gal. of oil per day for 5000 boiler-h.p. 
plants. These costs include tankage, piping, heaters, pumps, meters, ote., 
већ up ready to operate, 

The comparative installation costs of coal-fired equipment scarcely admit 
of any generalization. These costs may vary from almost negligible figures 
in the case of hand-fired coal furnaces to the very substantial investment 
entailed by overhead bunkers, сов] hoists or elevators, stokers, ash-handling 
devices, etc. However, two items of investment, the fuel inventory and the 
ground area required, are almost always in favor of oil-burning equipment, 
even in comparison with hand-fired coal installations. 

The wide distribution of fuel-oil supply points usually makes it foasible 
to carry a smaller oil inventory than coal. Even if large volume reserves of 
oil must be carried, the fact is important that oil does not deteriorate in stor- 


age and is not subject to spon- 2 
taneous combustion or slow oxida- 19600 т 
tion which reduces the heating - 19600 isz 
value of stored coal. F o вране о 
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ing handling costs, Where Шишип 3 
ground space is at a premium, E Пра 
thie, together with the fact that Bg th 
oil requires only about 60 to 70 52 11 
per cent of the volume of coal of В 
equal heating value may present © П 
real advantages. gu 
Properties of Fuel Oils 3 ili H 
"Under Purchase of Fuel Oils (p. iH 
2844), those properties which form | 
the subject of buyers’ and sellers" 12 1 
contracts nre discussed. In this NOT WE 16 18 20 22 24 26 28 3032 34 
section, properties of fuel oils of API Deg. Yso 
interest to the engineers design- Fre. 9.—Heating value of fuel oil, 


ing equipment or to the users of 

fuel oil are presented. "These include heat content of oils, air required for 
combustion, flue-gas analysis as conditioned by excess air, and oil viscosity asa 
function of the temperature. 

The high heating value of an oil (hydrogen burned to liquid water) in 
terms of both B.t.u. per gallon and B.t.u. per pound is given as a function 
of the A.P.I. gravity of the oil in Fig. 9. The example, illustrated by dotted 
lines on Fig. 9, shows that an oil which indicates 19° A.P.I. gravity at 100*F. 
has a true A.P.I. gravity (measured at 60°F.) of 16.8. Furthermore, its high 
heating value is 151,000 B.t.u. per gal. or 18,900 B.t.u. per Ib. 

‘The air required for the complete combustion of an oil may be accurately 
calculated from the data of an ultimate organic analysis, using the formula: 
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Pounds of air рег pound of oil = 0.1152 C + 0.345 (н - $) + 0.04328 

A fairly good approximation of the air required for combustion can, how- 
ever, be made without recourse to an elementary analysis. This circumstance 
is due to the fact that fuel oils do not differ greatly in their elementary com- 
position. As a matter of fact, such oils range from 83 to 87 per cent carbon 
content, together with 11 to 13 per cent by weight of hydrogen. The remain- 
der consists, for the most part, of sulfur and water dissolved or mechanically 
mixed with the oil, Despite the similarity in the ultimate composition of 
such oils, their chemical constitution is very complex and includes rather 
large molecular weight hydrocarbons of the saturated, unsaturated, and cyclic 
types, Aside from these hydrocarbons, a few per cent of other organic 
compounds containing sulfur, together with occasional small amounts of 
oxygen or nitrogen, are usually pres- — is 
ent. The varied’ arrangement of 
these few elements in the molecules of 
the mixture is not reflected in large 
differences in heat content or air re- 
quired for combustion. 

‘Thus the high heating value of the 
oil may be calculated by the formula 
or read from Fig. 9, and the air re- 
quired for combustion may be ap- 
proximated by dividing the heating 
value per unit of weight or volume by 
100. In making this calculation, an 
analytical determination of the heat 
content is, of course, preferable to a 
calculation from the formula or from 
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taining the size of furnace air ports, 
dimension of air preheatera, etc. 

‘Table 15 is introduced to show the 
applicability and shortcomings of this 
rule, Low-molecular-weight com- 8 s 
pounds representative of each of "бад Air SupphedtoChamealRequirement › 
three principal series are tabulated. з aA tie 
It will be noted that in all cases the Fic, 10,—Relation of carbon dioxide in flue 
approximation. given by the rule be- раа 
comes better with higher molecular weight. Unfortunately, sufficient data оп 
pure high-molecular-weight compounds do not exist to prove the point with 
fuel oils, but experience has shown that the rule works quite well for these 
mixtures. 

Figure 10 relates the percentage of carbon dioxide in dry fue gases to the 
ratio of air theoretically required and to the air actually used. The com- 
paratively small difference between the combustion characteristics of light 
and heavy oil is illustrated by the chart, which is useful in orienting an 
observer on the meaning of COs determinations in flue gases from gil-fired 
equipment. (Note that the usual Orsat gas analysis yields per cont of con- 
stituents approximately on the basis of dry gas irrespective of the water 
content of sample.) 


Per Cent СО by Volume in Dry Flue Gases 
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‘The viscosity of fuel oil at the point of injection to the burner is of con- 
siderable importance from the standpoint of efficient operation. This states 
ment 18 equivalent to stressing the importance of the temperature of the oil 
since the desired viscosity is obtained with power-plant fuels by raising the 
temperature. Different oils of the same A.P.L. gravity, or specifie gravity, 


Table 15. Heats of Combustion and Air Required to Burn 


Hydrocarbons 
1 lb.-mol oxygen is contained in 1820 E ft. air (60°Е., 29.92 in, НЕ), 
3 +1 = 
11b. paraffins (Са Наа) require ——® (1820) cu. ft. air to burn. 
$ 4 
EE 
1 1b, olefins and cycloparaffins (CnHsn) n 345 (1820) cu. ft, air to burn, 
ee 
1 Ib. acetylenes and diolefins (Cn Hsx_s) require 301920 eu. ft. air to burn, 
28-х 
==: 
116. olefin acetylenes (СН з») require — (1820) cu. ft. air to burn, 
28— 8 


Hence, as the molecular weight of these hydrocarbons grows larger (n increases), the 
per Ib. for complete combustion approaches the constant-quantity obar- 
Acteristic of the olefines, namely, 3% в(1820) = 195 ou, ft. 


C, Cu. ft, ir. 
Br, Вал. рет | ©, Que ft d 
Hydrocarbon Formula A don. | to burn LD | Ratio RO 
Mal wt. | combustion | GRIN 
Puralins: 
Methane | CHa (gu)... | 16 23550 28 103 
Ethane СаН, (gas) 30 21,950 22 103 
Propane Сана (i n 4 21,390 207 103 
Butane (i.) Со 58 21,000 203 1024- 
Pentane (n. | С.Н (i em 72 20,700 202 102 
Hexane (uj | Сени (inuid)..-. % 20,580 201 102 
Octane (n.) Са (liquid). 14 20,400 200 102 
Decane Сина (liquid)... | мг 20200 199 1014. 
Olefinesz 
Ethylene 28 21200 195 109— 
Propylene 42 20,800 195 107— 
Butylene. 56 20,600 195 1054 
Amylene || 70 20,500 195 105 
Hexylene. Cr ү 84 20,250 195 104 
Diamylane (liqui | 140 20200 195 103.5 
Acetylenes: | 
Acetylene СН» (ва) М й % 21,400. 151 142 
"Trimethylene | Са ipo == 40 | 2040 21200 | 176 116-1204- 
лађу! Сено (liquid)... | 82 20,300 182 ut 
Hepine |_| Cys (liquid) | % 20300 wm- | 107 


* Data from "International Critical Tables," vol. 5, pp. 163-164, McGraw-Hill, New York, 1929, 


do not necessarily have the same viscosity at any given temperature. This, 
together with the fact that routine laboratory determinations of viscosity 
are never carried out at the temperature at which the oil is used, forms в 
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problem conveniently solved by reference to the recently adopted A.S.T.M. 
temperature-viscosity chart for petroleum oils. А straight line drawn 
on this chart between points representing two viscosity determinations at 
different temperatures enables the observer to read the viscosity of the partic- 
ular oil at any other temperature. (The chart is equally applicable to the 
determination of the viscosity-temperature relationship of lubricating oils.) 

If only one viscosity determination is available в rough approximation 
to the change in viscosity with temperature ean be determined by drawing a 
lime through the point parallel to a line drawn on the chart to represent 
an oil of similar type, ће., depending on whether the oil is made from a 
paraffinic, mixed, or naphthenic, base crude. As a general rule the type of 
the fuel oil is not well known by the user, hence the method is of limited 
application, In any case, if other than the roughest approximation is 
desired the actual determination of viscosity at two temperatures is 
necessary, 

The minimum temperature to which an oil must Һе raised for successful 
burning is conditioned not only by the oil chosen but also by the burner used. 
То get best results with mechanical burners, the viscosity should not exceed 
150 sec. Saybolt Universal. A higher viscosity oil (lower temperature) can 
usually be handled efficiently by steam atomizing burners. Since the oil 
must be brought to steam-atomizing burners at pressures from 10 to 70 lb. 
рег ва. in. and to mechanical burners at from 100 up to perhaps 250 Ib. рег 
ва, in., the effect of viscosity on pumping costs requires consideration. While 
it is advantageous to locate the oil-feed pumps near the burners, this is not 
always possible. In such cases the choice of oil, the viscosity to which it 
must be reduced, and the kind of burners present a problem of economica 
involving the laws of fluid flow. The proper-size pumps can be shown 
by an analysis of the situation in the light of the discussion рр. 2244-2265. 
No oil burner operates with the regularity inherently possible if it is necessary 
to heat the oil much above the point where it begins to vaporize. Hence the 
feed pumps, piping, etc., should be chosen of such dimensions that the required 
volume and pressure of the oil supply do not demand viscosity reductions 
corresponding to excessive temperatures. 


Details of Fuel-oil Burning Equipment. 


General. The National Board of Fire Underwriters publishes a pamphlet 
“Regulations . . . for the Installation of Oil-burning Equipments.” Та 
order to make certain that the lowest insurance rates will apply, equipment: 
should be designed to conform to these regulations, which are those recom- 
mended by the National Fire Protection Association. While these regul: 
tions ensure physically “safe” equipment, it sometimes happens that munie 
palities or other local districts have certain additional rules governing such 
installations. It is the part of wisdom, therefore, to obtain the approval of 
the local fire authorities before actually installing any proposed equipmen 
‘The details which are particularly subject to regulation are: location of tanks 
(with respect to property lines), strength of materials, arrangement of drains 
or gravity cross connections from one storage tank to another, ete. 

The principal units necessary for oil-burning equipment are indicated 
diagrammatically in Fig. 11. These are the storage tanks, pumps, oil heaters, 
and burners. Probably the most generally satisfactory procedure to adopt 
in providing equipment for fuel-oil burners is to purchase n complete “fuel-oil 
set.” А number of manufacturers market these sets consisting of strainers, 
pump, steam heater, and pressure regulators for oil passing to the burnere, 
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All the equipment is frequently mounted on one base plate. Nevertheless 
it sometimes happens that a system can best be served by purchase or manu- 
facture of the equipment in parts rather than аз a whole; hence, a few notes 
may be of value. 

Storage Tanks.* Division of storage tankage into at least two parts 
facilitates cleaning and simplifies gaging of receipts. If the latter advantage 
is to be fully real- 
ized, each tank 
should hold at 
least one unit of 
delivery. А 
12,000-gal. tank DD 25 
will hold the con- - 
tents of any tank A 
сат; tank trucks fms 
ordinarily de- 
liver less than Ц 
3000 gal. The al 
maximum size of tar 
tanks is а mat- 
ter of judgment рата | rem Tig 
predicated on ‘gum 
the regularity of ч shi ha 
supply and in- 
fluenced by local 
regulation. Itis usually not absolutely necessary to provide storage for more 
than 10 days’ supply of ой, but three weeks’ or more capacity should be provid- 
ed if at all feasible, Storage tanks for heavy oils should be provided with steam 
Coils to keep the oil fluid for the pump suction. А bottom draw-off or, in 
the case of underground tanks, а sump with separate suction line should be 
installed. for drawing off water and sediment. If possible, tanks should be 
arranged for filling by gravity from tank car or truck. A steam hose con- 
nection near the inlet to the system will be advantageous, especially for cold- 
weather deliveries. 

A simple gage pole generally meets all measuring requirements for fuel-oil 
storage, Gnge glasses are troublesome with henvy-oil installations and are 
not to be generally recommended. If a continuous indicator is desired, one 
of several float devices on the market may be purchased. However, it is 
doubtful if any of these will serve the purpose better for outside tanks above 
ground than the following home-made device. Pass a l(o-in. steel wire 
through а gland on the top of the tank and over an old bicycle rim and wheel 
arranged as а pulley turning on its original ball-bearing axle; Connect one 
end of the wire to a 2-ft, square wooden float in the tank and the other io a 
weighted indicator guided by, and registering over, a scale on the outside of 
the tank, И the gland is lightly packed with lead wool, there will be no dan- 
ger of accidentally ignited gases striking back through the opening and all 
insurance regulations in this regard will be met. The device will operate 
over a period of years without attention, 

Pumps—Piping, Almost any type of pump of the proper size and capable 
of producing the requisite pressure may be used. А horizontal duplex steam 
pump provided with an air chamber to reduce the pulsation on the outlet 
oil is the most generally satisfactory, though motor-driven rotary pumps are 
gaining in favor for this service. Strainers should be inserted before the 
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pump and a two-compartment-type strainer is advisable, since cleaning can 
be done without affecting operation. “Pumps should be installed in duplicate, 
particularly where fire protection equipment is dependent on the continuity 
of fuel-oil (steam) supply. The pumps should be placed as close to the storage 
tanks and at as low a level as possible. Advantage should be taken of every 
possible opportunity to re- 
duce resistance in the pump 
suction line. Piping from 
the pumps to the oil heater 
and from the heater to the 
burners should be designed 
for oil velocities of the or- 
der of 2 ft, per see. or 
lower. 

Fuel-oil Heaters. De- PG: 12.—Steam-atomizing burner. (Courtesy of Nar 
sign or selection of the oil Бото Део Barnet Ба) 
heater should be made with the requirement of easy cleaning in mind, Well- 
designed tubular units are most advantageous from this standpoint alone, but 
the standard double-pipe unit is often attractive because it makes it possible 
to heat the oil almost to the burner tip itself, Elegance in design and most 
efficient heating units can be obtained only by applying heat-transfer formulas 
such as are discussed in detail in Sec. 7. Nevertheless, heaters for fuel-oi 
burning equipment are generally во. small that the investment savings from 
elaborate design scarcely compensate for the time consumed. Such heaters 
may be designed on the as- 
sumption that the heat-trans- 
fer coefficient from steam to 
oil is 80 B.t.u./(sq. ft.) PP. рег рыш 
hr), with an oil velocity of 3 
ft. per sec; or 40 B.tau./(sq. er 
ft.) (hr. per °F,), with an oil 
velocity of 1 ft. per вес. "The 
specific heat of the oil may be 
taken из 0.5. Enough surface 
should be provided to reduce 
the viscosity of the oil to the 
proper point for the particular 
burner when the surfaces аге 
fouled sufficiently to reduce Han, Bow org, 
heat-transfer rates to about one-third the above values. 

Burners. There are five types of fuel-oil burners in use at the present 
time, namely: (1) Steam atomizing; (2) high-pressure air atomizing; (3) low- 
pressure air atomizing; (4) spray nozzle (also called “mechanical atomizing"); 
(5) rotary mechanical atomizing. 

‘There are at least 75 companies in the United States manufacturing fuel-oil 
burners. Furthermore, experience indicates that it is almost impossible for a 
mechanically minded individual to observe the operation of fuel-oil burners 
for any length of time without feeling the urge to design his own improvement 
thereof. Asa result of this situation, there are а large number of satisfactory 
designs in each of the above types of burners as well as a host of very medioct 
appliances. "Тһе figures which follow illustrate a few of the good burners 
which are on the market, although the choice of a burner for illustration does 
not necessarily mean it is considered as the most efficient in its class. 


Compressed air 
ar dey steam 


Fis. 13—i 


team-atomizing burner, (Courtesy 
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Figures 12 and 13 show two examples of the first class of burner, namely, 
burners using high-pressure steam for atomizing. Figure 12 shows the inside- 
mixing type where steam and oil form a mix- 
ture inside the burner. Figure 13 shows the 
outside-mixing type. Both of the burners 
illustrated present advantages over certain 
other examples of this type in that there are 
no small orifices to become clogged. Further- 
more both burners can be quickly and easily 
disassembled for cleaning whenever necessa: 

With either of these burners, the primary 


air 
is drawn in around the burner, and secondary 


air is usually supplied through s checker- 
work in the base of the furnace. The steam 
consumption of these burners may be as low 
as 1 per cent of that generated in the boiler. 
However, about 1}4 to 2 per cent is more 
usual, and with poor operation it is possible to 
use as much as 5 per cent of the total steam. 

Proper adjustment of the steam quantities 
van be made by observing the/ character of the flame. A white flame indi- 
cates too much steam, a smoky one too little, and a bright orange to yellow 
fame indicates the proper mixture. АП of these observations are predicated 
on sufficient air for combüstion being present. 


Fie, 14.—High-pressure air- 
atomizing burner. (Courtesy of 
Schutte and Koerting Co.) 


Fic. 15.—Low-preseure air-atomizing burner. (Courtesy ој Hauck Manufacturing Co.) 


It is hardly necessary to state that the only function of the steam i to 
break up the oil into fine droplets so that it can quickly and thoroughly 
contact with air for combustion, Having effected this atomization, dry steam 
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has practically no further effect on the combustion... However, if the steam 
їз wet, combustion is slowed down, burners 

operate in an irregular fashion, and a portion 
of the heat of the oil is required to supply the 
latent heat of vaporization of water. To ob- 
tain the most effective atomization of the oil, 
provision should be made so that only dry 
steam can reach the burner. A small coil in 
the fire box of the furnace can be used with 
advantage to superheat the steam before it is 
passed to the burners. 

Figure 14 shows an example of the high- 
pressure air-atomizing burner. These burn- Л 
ers differ little in design from the 4 кюлте) RTT 
steam-atomizing burner and, in fact, агеоћеп Зин дй рите, Ce) of 
used interchangeably, A drip tank should i 
be installed on the air lines ahead of eompressed-air-atomizing burners, since 
occasional slugs of water may extinguish the flame, particularly before the 
combustion chamber has 
attained full operating tem- 
perature, 

Figures 15 nnd 16 show 
two examples of low-pres- 
sure air-atomizing burners. 
Burners of this type re- 
quire air supply at pres 
sures from a few ounces up 
to 4 4045 lb. per sq. in. 
Such burners may require 
stomiaing air equal to 50 
‘or 60 per cent of the total 
necessary for complete 
combustion. Motor 
driven blowers, and less 
frequently steam-turbine- 
driven blowers, are used 
to supply the air. 

The mechanical or spray- 


ја 


nozzle type of burner (Figs. 3 
17 and 18) depends upon 1 22 mU M Ч асай 
special-shaped orifices to 5 Aladed cone {3 Bal fr setting op ground joint 
atomize the oil forced to 4 Register M Hinge 

the burner under a pressure 6 е tic air doors. t. Eq aa 

of 100 to 200 Ib. per sq. in. $ Gover plate ил Ly de ideis куе, 
Баширни ийре дү бгз 18 Flexible oil connection 
fairly satisfactorily at low- 9 Distance piece 19 Дари ardor oster front plate 


er pressure, but this type 10 Quick detachable coupling 0 Combination lighting aad peep chor 
is essentially a high-pres- Fig, 17—Méchanical atomizing burner. (Courtesy of 
sure, low-viscosity oil burn- Babcock and Wilcoz.) 

er. Heavy fuel oil can of 

course be burned with these appliances, but the temperature must be raised so 
that the viscosity of the oil ranges from 100| to 125 sec, Saybolt Universal for 
best results. 


LIQUID FUELS 2357 


When mechanical spray) burners are used, it is practically nécessary to 
arrange to supply all air for combustion through openings around the atomizer, 
The best results can be secured only if the air is guided in- proper channels 
with respect to the pattern of the oil spray. Air registers such as are shown 
in the illustrations are, therefore, always supplied with these burners. The 
sige of air ports in these registers should be easily and accurately adjustable. 

Mechanical spray burners are yery popular for marine boilers when elimina- 
tion of steam consumption and saving of space and power for air blowers or 
compressors are of importance. "The two principal disadvantages of this type 
of burner are: (1) the necessity of removing practically all suspended matter 
from the oil, else the small burner orifices will clog up; (2) interdépendence of 
‘quantity of oil burned and character of the atomization. As. matter of fact, 
variation of capacity over wide ranges can only be secured by changing the 
nozzles in these burners, Small changes in capacity can be effected by chang- 
ing the oil pressure, though the procedure is less effective with small nozzles 
than with larger sizes. 

The last of the five classes of burn- 
ers, the rotary mechanical type, is 
finding extended application {ог 
household heating boilers. "The in- 
vasion of the power-plant field by 
this type of burner is improbable due 
to the difficulty of handling heavy 
fuel oil. 

The selection of the proper type of. 
burner involves marly factors of 
purely local significance. Thus, if 
very heavy oil is to be burned under 
boilers upon whieh the load varies pi 1g мрља ? "m 
greatly, the mechanical spray burner "^ 18 Mechasicl | stomising burner 
is at а serious disadvantage and the 
tendency of steam jet burners to “blow out" with low fires must be considered. 
If medium- or light-gravity oil is to be used and the load is steady; either 
mechanical burners or steam burhers will operate satisfactorily, ‘The use of 
high-pressure air burners is becoming obsolete for boiler plants, but-they are 
still used to advantage in some types.of metallurgical furnaces, 

Relative efficiencies of the various types of burners also admit of no general 
statement, Proper size of burners for the particular duty, and skill in 
firing, probably weigh more in the efficiency obtained than any differences of 
design. 

А new fuel-oil installation shonld at fist be under the scrutiny of an 
informed operator or engineer who ean interpret flue-gas analyses and 
can direct work to determine the optimum oil temperatures, burner adj 
ment, draft conditions, secondary air regulation, etc. By following this 
procedure and, by accasionally checking up intelligent and. conscientious 
firemen with results of flue-gas analyses, the high efficiency inherent to 6il- 
burning equiprient dan be established and maintained. 


Miscellaneous Liquid Fuels 
Coal Tar. Сон] tar is a by-product of the manufacture of coke and 
of coal gas. This tar is a viscous mixture consisting, for the most part, of 
aromatic compounds. Its heating value varies from 15,000 to 16,500 B,t.u. 
per lb, In order to burn coal tar in regular fuel-oil burners, the tar must be 
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filtered and preheated to such a temperature that its viscosity is reduced to 
that of the oils for which the particular burner is designed. 

Tar Oil. Tar oil is obtained by the distillation of coal tar and consists 
of so-called “creosote ой,” “anthracene ой” and other materials. Its heating 
value is about the ваше аз that of coal 
tar, de., 15,000 to 16,500 B.t.u. per Ib. 2 TTTTTTT Eg 

Gasoline. The composition of ап ја 
average gasoline is: carbon, 83.5 to 85 


per cent; hydrogen, 15.0 to 15,8 percent; 16 
nitrogen plus sulfur plus oxygen, 0 to 1 Е E 
per cent. The heating value is about 814 
20,000 В... per Ib. and requires for 5,, 
combustion about 15 lb. air (about 200 $ 
cu. ft.) per pound of gasoline. Bio 
Specifications for different grades of à 
gasoline may be obtained from various ^ а 
departments of the U: S. Government, Ё 
such ав the U. 8, Navy, the U, 8. Army, i dz 
ete. 
Kerosene. The United States Gov- 4 
ernment specification for kerosene tobe 2 1 
used as в burning oil requires a distilla- ie 


60 во 100 120 140 160 180 
TEMPERATURE DEQ, РАН. ^ 


tion end point of not more than 625°Е, 
and a flash point of not less than 1159. 
The heating value of kerosene is from pra, 19 Vanor нышан 
30,00 to 21000 Bii, por Db. Tho iur ри of various 
average composition af kerosene is: саге Engineers Handbook’) 7 

bon, 84 per cent; hydrogen, 15,40 16 per 

cent; sulfur should not exceed 0.125 per cent (U. S. Government specification). 

Alcohol and Benzol. Table 16 gives pertinent combustion data for vari- 
ous alcohol and benzol fuels. 

Figure 19 shows the vapor pressures of a number of common liquid fuels: 
gasoline, hexane, methyl alcohol, ethyl alcohol, kerosene (three grades) 
(from Marks, “Mechanical Engineers’ Handbook," ‘McGraw-Hill, New 
York, 1941), 


Table 16. Combustion Data for Various Alcohol and Benzol Fuels 


Producta of 
combustion, | Approximate 
Fuel 1b, per Ib. higher beating 
bustion, | bustion, | value, ВА, 
1b. per Ib. | 1b. per Ib, par Ib, 
Ethyl alcohol (СНО)... iw | он |, 12780 
Methyl alcohol (ОНО)... 15 630 |1 3/550. 
Benzol (СН) Т "ЧЕР 31 5 |3 18000 
Denatured alcohol... TB 78 |1 11,600 
50 per cent mixture of alcohol and benzol 5 0:60, | 2. 
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BY WILBERT J. HUFF 
DESCRIPTION OF VARIOUS FUEL GASES* 


Acetylene. The use of acetylene as a fuel and illuminant is generally 
limited to cutting and welding operations requiring high flame temperature, 
to small isolated lighting plants, and to single "carbide" lights. It ia made 
from calcium carbide and water. To avoid a dangerous rise in temperature, 
sufficient water (about: Jf gal. per lb. carbide) should be present in the 
generator, The crude gas contains as impurities: ammonia, hydrogen 
sulfide, and phosphine, which must be removed before the gas can be used 
for indoor illumination. Acetylene forms explosive acetylides, particularly 
with copper, has wide explosive limits when mixed with air, and is explosive 
per se at pressures of 2 atm. and at 780°С, Its use as a liquid is therefore 
prohibited, and it is ordinarily dissolved in acetone under pressure. (Ful. 
weiler, chapter on Industrial Gases, in Rogers, "Manual of Industrial 
Chemistry," 5th ed., Van Nostrand, New York, 1031, Vogel, “Das Acety- 
len," Spamer, Leipzig, 1923.) 

Blau Gas. Blau gas is a specially prepared cracked-oil gas, processed to 
permit the use of pressures аз high as 100 atm. In America its use has been 
replaced by liquefied petroleum gases. 

Blast-furnace gas is a by-product from the smelting of iron ore with 
coke and preheated air in the blast furnace, These furnaces, consisting 
of a cylindrical shaft charged to the height of some 70 ft,, contain a col- 
umn of coke from the hearth to the top of the bosh, and above this are 
placed coke and iron ore alternately, with an appropriate flux. About one- 
third of the exit gases from the top of the furnace is used for heating the blast 
stoves, and the remainder may be burned under boilers or cooled and cleaned 
for use in gas engines. 

‘The gas is also used alone or in admixture with other gases for underfiring 
coke ovens. The practice was introduced in the United States from Europe, 
the first installation occurring at the South Chicago plant of the By-Product 
Coke Corp. about 1929, The gas is carefully cleaned and washed before use. 
The low B.t.u. value requires regenerative preheating, as with producer gas. 
{Camp and Francis, chapter on Blast Furnace Gas, in Bacon and Hamor, 
* American Fuels,” McGraw-Hill, New York, 1922. Wagner, “The Clean- 
ing of Blast Furnace Gases," McGraw-Hill, New York, 1914. Blast Furnace 
and Steel Plant, 17, 1048-52 (1929).] 

Blue water gas (see pp. 2389-2390) is the product obtained by the inter- 
action of steam and a highly heated low-volatile carbonaceous fuel. The 
gas is non-luminous, hence its name. The fuel, which may be an anthracite 
coal or а coke, is brought to а high temperature by blasting with air, after 
which the air supply is cut off and steam is injected. At first, this steam is 
admitted under the grates, As the lower portion of the bed cools rapidly, the 
steam injection is split to send a portion down through the bed, followed by 
a brief up-run purge to clear the ashpit of combustible gas. The blast of airis 
again admitted to restore the temperature, after which another steam run is 
made, and the alternate admission of air and steam is continued with brief 
cessations for the charging of more fuel. Usually the gases from the steam 

* Analysis of typical industrial fuel gases will be found on pp. 2363-2368. 
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runs only are sent to the gas holder. To balance the thermal conditions 
within the set, as in making carbureted water gas or to increase the gas 
volume and density, producer gases from the end of the blow are sometimes 
sent to the holder. After several hours, in machines not automatically 
clinkered, it is usually necessary to stop the operation to remove the clinker 
and to restore the gas-miking capacity of the machine. In recent years 
bituminous coal, preferably of non-eaking properties, has come into extensive 
use as а fuel, and the resulting gases from the generator may contain a small 
amount of gas obtained from destructive distillation. [Fulweiler, chapter on 
City Gas, op. eit. Meade, * Modern Gas Works Practice," Benn, London, 
1921. Travers, Trans. Inst. Chem. Eng. (London), 8, 65 (1924). Morgan, 
“American Gas Practice" (privately printed), vol. I, Chap. 15, 1931. Ful- 
weiler, Proc. lat Intern. Conf. Bituminous Coal, p. 472; И. S. Bur. Mines; 
Bull. 203; Tech. Papere 246, 274, 284, 335; Rept. Investigations 2183, Petty- 
john, Am. Gas Assoc. Proc., 1930, p. 1535.] 

Carbureted Water Gas (see pp. 2390-2394). As the thermal content 
of blue water gas is too low to meet present publie requirements, the gas is 
carbureted with oil gas which is formed by the thermal decomposition (see 
р. 2392) of the oil usually in supplementary shells connected in series to the 
generator shell of the water gas machine. These shells, designated (in order 
of sequence) the carburetor and the superheater, are filled with cheekerwork 
surfaces of firebrick when gas oil is used and are heated by the sensible heut 
of the blue and the blast gases and by the combustion of the carbon monoxide 
arid other fuel gases contained in the blast gases, using secondary air injected 
at the top or entrance of the carburetor; which receives the oil during the 
gasrhuking periods. When heavy oil is used, much or substantially all the 
checkerwork may be removed from the carburetor, and some of. the heavy 
oil may be'thrown upon the top of the generator fire during the run, with 
the simultaneous admission of some air to burn off the carbon. 

Coal gas (retort) (see p. 2397) is obtained by the destruetive dis- 
tillation of bituminous coal of suit&ble characteristies, usually designated 
аз а gad coul, in à closed, highly heated retort of fire clay or silica, The retort 
may be placed in a horizontal, vertical, or inclined position. | Other producta, 
such ds tar, animonia, and water, are driven off at the same time and removed 
by subsequent cooling and other treatment of the gas stream. (Fulweiler; 
chapter оп City Gas, in Rogers, “Manual of Industrial Chemistry,” 5th ed., 
Van Nostrind, New York, 1931. Meade, Тос: cit. Morgan, Joc, си. Also 
publications of the American Gas Institute and the American Gas Associa 
tion, particularly the Carbonization Committee of the latter. See also 
references under Coke-oven бая.) 

Coke-oven gas їз а conl gas derived from the distillation of а bituminous 
coal generally known as a “coking coal," which is somewhat lower in volatile 
content than the usual gas coal. The carbonizing ¢haniber is very much 
larger than the cosl-zss retort and is built up from silica forms, The pri- 
завгу object of the process generally is the production of à metallurgical coke 
with gas as w by-product. Tar, ammonia, and light oils are obtained from 
the gas. (Sperr, chapter on the Technology of Coke, in Bacon and Hamor, 
“American Fuels,” McGraw-Hill, New York, 1922. See references under 
Coal Gas; also Haslam and Russell, “Fuels and Their Combustion,” chapter 
ori the Carbonization of Coal, with bibliography, McGraw-Hill, New York, 
1926. “International Handbook of the By-product Coke Industry" by 
Gluud, Ani. Ed. by Jacobson, Reinhold, 193: 

Hydrogen. The use of hydrogen as a fuel is limited to certain spe- 
cial industrial purposes, such as certain welding and cutting operations. 
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Because of its application in the synthesis of ammonia and methanol and 
in the hydrogenation. of oils, it is of considerable importance, however. 
One of the methods of production at present favored ‘involves the catalytic 
oxidation of the carbon monoxide in blue water gas to carbon. dioxide with 
steam. Electrolysis and the low-temperature fractionation of coal gas are 
also used. (Taylor, Industrial Hydrogen," Reinhold, New York, 1921, 
Greenwood, “Industrial Gases," Sec. VI, Bailliere, Tindall and Cox, 1920, 
Pincass, " Die Industrielle Herstellung von Wasserstoff,” Steinkopff, Dresden, 
1933, See also “Fixed Nitrogen,” Reinhold, New York, 1932.) 

Natural gas is obtained by drilling through overlying strata to tap 
porous rocks, generally in sandstone of open texture or broken limestone, 
known as sands, above which a relatively impervious compact shale or cap 
rock has been folded in. the form of a dome ог inverted container: -The 
gas is usually associated. with petroleum or coal in carboniferous. strata 
or more recent formations and. is often trapped under high rock pressures. 
(Gross, Handbook of Petroleum, Asphalt and Natural Gas," 1928 revision, 
Kansas City Testing Laboratory. Diehl, “Natural Gas Handbook," Меше 
Metal Works, Erie, Pa, 1927. U, S. Bur. Mines, Bull, particularly 65, 82, 
134, 163, 232; and other publications of the same bureau. Bacon and Hamor, 
“American Fuels,” McGraw-Hill, New York, 1922. Dunstan et al., "The 
Science of Petroleum,” Oxford University Press, London, 1938.) 

Oil Gas. The oil gas manufactured for public utility distribution onthe 
Pacific const is made by the gasification, of oil with. steam in a chamber 
containing hot checker brick. The heat is obtained by burning oil in the 
same chamber, and the process is a cyclic one, as in the water gas process, 
[Pike and West, Ind. Eng. Chem., 21, 104-109 (1929). Morgan, ор. сй.] 

‘There are a number of other oil gas processes, none of which are, however, 
widely used in the United States. The gases from oil refineries, particularly 
from the operation of yarious cracking processes for the production of gasoline 
from higher boiling oils, are utilized to some extent, and this utilization for a 
ime tended to increase. Recent developments in. the production of synthetic 
gasoline by catalytic polymerization of the refinery gases has, however, 
provided an excellent outlet, (Cross, op cit., pp. 302 f~; cf. pe 547. Leslie 
"Motor Fuels, Their Production and Technology,” Reinhold, New, York, 
1923.) 

Petroleum Gases. The fractionation of gasolines, particularly those 
recovered from natural gas, has made available a large quantity of light hydro- 
carbon liquids and vapors, chiefly propane and butane. These are available 
commercially, for shipment under pressure for use, as fuel gases and possess 
certain advantages, as in isolated situations where only a small quantity. of 
gas is required, which may be serviced from pressure containers. In non- 
ımma ble mixtures with air, the vapors, particularly butane, are distributed 
by pipe line from в central point for the servicing of small communities, 
Propane may be distributed directly without admixture. (Thomas. and 
Setrum, Proc. Am. Gas Assoc., 1928, pp. 1284 f.. Odell, U. 5. Bur. Mines, 
Rept. Inuestigalions 2840, November, 1927. / Oberfell,Gas Age-Record, Feb. 2, 
1929, Odell, U. S. Bur. Mines, Bull. 294. ера. Am. Gas Assoc., Water-gas 
Committee.: Dunstan et al., loc. cit, Morgan, op. cit., Chap. 20.) 

Producer gas (soe pp. 2386-2389) is generated Бу blasting a deep hot bed 
of coal or coke continuously with a mixture of air and steam. Because of the 
large percentage of nitrogen in the gas thus obtained, its heating value is low, 
Solid fuels of widely different. characteristics, including wood waste, may be 
employed in the process, and the variations in the thermal value of the result- 
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ing gas with the various volatile contents of the solid fuels are correspond- 
ingly large. Gas having as much as 180 Вила. per си. ft. is made with 
high-volatile coals, while low-volatile coke with poor operations may give 
110 B.t.u. per cu. ft. or lower: (Rambush, '' Modern Gas Producers,” Benn, 
London, 1923. U. S. Bur. Mines, Bull. 7 and 13. Haslam and Russell, 
chapter on Producer Gas with bibliography in “Fuels and Their Combustion," 
McGraw-Hill, New York, 1926, Reports, Carbonization Comm. and Sub- 
comm. on Producer Gas, Ат. Gas. Assoc., Proc., 1927, 1928, 1929, 1930.) 

Pintsch Gas. Oil may be cracked in closed iron retorts, externally 
heated, When this oil gas is compressed to 10 to 14 atm., it forms Pintsch 
gas, developed 60 years ago for the lighting of railway coaches. It is not used 
in America today. 

Re-formed Gas. Although applicable 
suitable treatment, the term “re-formed gas” is ordinarily applied to lower 
thermal value gáses obtained by the pyrolysis and steam decomposition of 
high thermal value gases, such as natural gas or oil refinery gas. The steam 
minimizes carbon loss and possesses other advantages. (Cf. Odell, U: S. 
Bur, Mines, Bull. 301; Tech. Paper 483; Rept. Investigations 2973 nnd 9991. 
Also Schlegel, Ат. Gas Assoc, Proc., 1930, p. 1466. Morgun, op. cit., Chap. 19.) 
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Impurities and By-products 

Sulfur Impurities in Gaseous Fuels. The chief sulfur impurity in 
gaseous fuels is hydrogen sulfide. Certain natural and petroleum gases 
aire found free from this undesirable impurity, but its presence may otherwise 
he expected rather universally in raw fuel gases in amounts which may range 
from approximately 100 grains per 100 cu. ft. in blue and carburetéd water gas 
to several hundred grains per 100 cu. ft. in coal and eoke-oven gases. In 
refinery gases from sulfur crudes and natural gases from sulfur-benring regions 
the concentration may be several thousand grains per 100 cu. ft. For public 
utility purposes laws generally forbid the distribution of gas containing any 
hydrogen sulfide. In manufactured gas practice this impurity may be 
ра by hydrated iron oxide masses or by certain liquid purification 
cesses. The liquid processes ordinarily involve absorption in an aqueow: 
кле? soliton’ sade up "with еони carbobite or батабы, alui qug 
alkaline phosphates or strong organic bases are used, The absorbed hydrogen 
sulfide is expelled by a stream of air or by heat and уаспшта or тпйу be con- 
verted to sulfur by the action of air and a catalyst in another stage of the 
process, 

‘The other important sulfur impurity is ordinarily carbon disulfide, which 
тізу contribute as much as 80 per cent of the organic sulfur present in 
factured fuel gases. In such gases, however, the total organic sulfur is 
tively small, usually much less than the 30 grains per 100 cu, ft. of gas 
permitted by most states. 

Other sulfur compounds, which may be present in small amounts, 
{һе thiophenes, carbon oxysulfide, meréaptans, thioesters, and organic 
sulfides. [Repts. Ат. Gas Assoc. Purification Committee. Morgan, 
* American Manufactured Gas Practice,” 1931 ed., Chap, 23. "International 
Handbock of tbe By-Product Coke Industry," by W. Gluud, Am. ed. by 
Jacobson, Chap. 9, Reinhold, New York, 1932. Huff and Milbourne, 
Ат. Gas Assoc., Ргос., 1930, p. 856; Ind. Eng. Сћет., 22, 1213 (1980). Dotter 
weich and Huff, Am. Gas Assoc. Proc., 1938, p. 609. Huff and Holtz, Am. 
Gas Assoc., Proc., 1927, pp. 1431, 1436; Ind. Eng. Chem., 19, 1268 (1927), and 
22, 639 (1930). Denig and Powell, Liquid Purifiention, Am. Gas Asoc, 


Analyses of Fuel Gases* 


‘Table 17. 
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Table 18. Composition of Natural'Gases їп Various Parts of the 
United States* 


 Constituenta 


| 

Gy | "Total 
| со | сне | cats | | ms 

Little Rock, Ark. Ро | %7 | оо | 23 | 100.0 
Bartlesville, | 28 | вт | 42 | 39 | 100 
Cleveland, Ohi 90 | $6 | 157 | 07 100.0 
Los Angeles, Cal 354 | за | 45-153, 100.0 
Palestine, Tl 05 | 956 | 00 | 39 100.0 
90 | $1 | n5 | 04 100.0 
| 98 | ва | 67 | 84 100.0 
| 00 | 268 | 225.| 07 100.0. 
| 90 | 73 | 26 | 12 | iè | юа 


* Burrell and Robertso pressibility of Natural Gas and Its Constitnents, with Analyses of Natural 
Gas from 31 Cities in the United States, Û. S. Bur. Mines, Tech. Paper 158, 1917. 


Table 19. Typical Analyses of Gas from Koppers By-product Coke 


Ovens* 
T T 1 i Bi. 
| co: [пез о | со | m f'on | № | pet Im 
lcu. ft 
7 eS sim th 
Straight gas | | | | 
Before removing benzol 22| 3.5] 03| 68|473|359| 60| 591 | 0.4 
Straight gas | | IEEE 
After removing benzol 22| 26| 03 47.8 | 34.2 | 60| 562 | 0.42 
Enriched gas | | | 
Before removing benzol. | 26| 43| 02| 63| 463 | 35.0 | 53| 630 | 0,45 
Enriched gaa 
м After removing bensol. 26| 32| 02| 64|468|354| 54 | 605 | 0.42 
ean pas 
before removing еше) | anf 2 а | 03 | 60 | 57.0) 270 5,6) 531 | 0.38 
ein gas | | 
Afler removing benzol | 21|- Laf 05 | 61| 57.5 | 273 | 5.2| 500 | 0,35 


* These analyses nre taken from different plants and consequently represent different coals and some- 
what different operating conditions, 
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Table 23. Composition of Hydrocarbon Group in Different Types of 
Gas* 
(Figures їп per cent) 
Low-ten- | High-lem- 
perature | од | Catbureted water gas | | Bine 
Constituent farbot | grack- @ 
imation. | "ing From | From | јао 
Karriek i ite | Koppers 
кең; coke | anthracite | opper 
1 Y 
Ethylene... 103 48.8 
Ethane. : 43 | 203 
Propylene. 98-| 51 
Propane... u2-] 21 
Butylene. Sees 76 35 
Butane 52 | 08 
Liquid hydrocarbons (as vapor)... 22 | 12.8 
Total. л ЕЕ 1000 | 100.0 
Ethylene + ethane. 1 : Е 
Propylene + propane- -+5 me m 
Butylene + butane А 2 
e 
Ethylene X 100 _ i 1 
е аи. E 24 | 905 | 8.6 | №8 | 65.0 
Propylene X 10 5 4.0 | 97.0 | 53 | 913 | 7I 
Propylene + propane. 
pe а m. Y. cesses] 93 | 9*0 | moo | №0 | №5 
Butylene + butane 
Liquid hydrocarbons, per cont unsaturated | 75.0} | 100.0 | 100.04 | 100.06 | 1000 
Hydrogen, per cent in gas. | mi 19.0. 34 38:4 57 2 


* Yont and Frey, Ind, Eng. Cher 
| Pet cent Їп total hydrocarbon: 
ies determination; no аг 


Roughly 25 per cent aromatic, 
Assumed; largely benzene. 


19, 1359 (1927). 
xeluding methane. 

natios detected. 

per cent olefinic; very little saturated. 


Table 24. Comparison of Fractionation Analysis with Usual Orsat 
Analysis* 
(Figures in per cent) 
Highctempera- 
Loysenpersureeboniatin. | tre carbonizar Carbureted water gia 

tion! 
Constituent reat = 
PC. Steam aE BOT | Koppert avena | = From coke | Eroun мне 
ават ааа WB (ав 
| 23] 223] 15 ШЕ] 24| 14| 09| 09| 33| 33 
12| 00) 06| 00 09 83] 68| 69| 42| 36 
02| oo| 02| 04| 00| 00) 00) oo| 00| 00 
33| 33| 31| 80| 564| 55 314 372) 384 | 386 
98| 95| 1:0| 31| 57| 56| 35:0 | 350] 31.0] 313 
35 | 256 | 21:4 238] 293 | 296) 79| 79| 126| 127 
00| 54| 15| 58| 15) 13| 18| 17| 12| 10 
97| 98) 27) 29| 38| 41| 102| 04| 93| 95 
100.0 | 100.0 | 100.0 | 100.5 | 100.0 | 100.0 | 100.0 | 100.0 | 100.0 | 100.0 


В = actual Orsat analysis of same sample, 
* Yant nod Frey, Ind. Eng. Chem., 19, (ию пол. 


+A different simple of unscrubbed gas from same ovens. 


fractionation analysis calculated into terms of Orsat analysis, 
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Proc, 1988, p. 913. Denig; Am. Gas Assoc., Proc., 1933, p. 903. _8регт, 
Am. Gas Assoc., Proc., Tech. Bec., 1921, p. 282; 1923, р. 1200. Huff, Proc. 2d 
Intern. Conf. Bituminous Coal 11, 1928, p. 814. Bottoms, Ind. Eng: Chems, 
23, 501 (1931).] 

In the iron oxide process for the removal of hydrogen sulfide, as generally 
practiced in America, the oxide, which is ordinarily rusted iron borings, bog- 
iron ore, or a by-product from the refining of bauxite, is mixed with wood 
shavings, Ground corncobs also make an excellent support, although wood 
is to be preferred. About 25 Ib. oxide are used per bushel of shavings. With 
boring oxides, the rusting may take place on the shavings and a prepared 
purifying material may be offered. The shavings serve ns a fluffing agent, 
permitting the ready passage of gas through the material and serving to 
expose the oxide to the gas stream. Oxides vary enormously in their purify- 
ing properties and this property is not dependent upon the iron content but 
upon the chemical and physical state of the oxide. Humidity effects play а 
most important part in the reaction, Data developed by Huff and Milbourne 
(loc. cit.) indicate that the fouling reaction is best maintained at a humidity 
of about 65 per cent. The fouled oxide is revivified by the action of oxygen 
in air in the presence of moisture; the study above mentioned showed that 
high humidities, just sufficiently under saturation to avoid the precipitation 
of liquid moisture, are best. Spent oxide may be revivified in situ simul- 
taneously with fouling by admitting a small quantity of air with the gas, 
about 0.5 per cent more oxygen (оп. total volume basis) than is required for 
the reaction 2Н55 + 0:25 + 2Н:0. The reaction is, however, more 
complex than this equation indicates. The revivification process is relatively 
slow and, when practiced simultaneously, humidity conditions fayorable to 
it must prevail. ‘The oxide may be revivified by removal from the box or by. 
by-passing the box and passing air through it, but care must be taken to 
avoid overheating and explosions, 

The oxide is placed in cast-iron or steel boxes of large cross section in order 
to effect: contact, with a minimum of pressure drop. Wooden trays are placed 
in the boxes and the oxide-shavings mixture is placed in two or three layers 
usually from 18 to 30 їп. deep. If only а single layer is used, it may be about 
4 ft. deep. The oxide is distributed over at least three or four boxes in series, 
and suitable valve arrangements make it possible to change the order to 
permit the placing of a badly fouled box out of the line or in a position where 
it may not receive much hydrogen sulfide and so be revivified. 

A formula which allows for the several factors in calculating the area of 
the boxes is known ав the Steere formula [Bul]. 37, Steere Engineering Со, 
Detroit, Mich, or Gas Age, 43, 227 (1919)]. This is 
3000 X (D + C) X A 


те: 


ог 
axes 

AE DIESE 

3000 x (D + €) 

where б is the maximum amount of gas in cubic feet corrected to 60°F., to be 
purified per hour; D is the total depth in feet of oxide through which the gas 
passes consecutively. When a single catch box is used for two or more 
parallel seta of boxes, disregard the catch box in obtaining D; A is the cross- 
sectional area in square feet of oxide through which the gas passes in any one 
layer in the series; C is the factor: 4 for a two-box, 8 for a three-box, and 10 
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Тог а four-box series. Where a single eatch box is used for two two-box 
sets, C = 0; S is the factor for grains hydrogen sulfide per 100 cu. ft. gas 
entering the purifiers as follows: 
Grains H:S per 
100 Cu. Ft. 
Unpurified Gas 
1000 or mare 
900 
800 
700 
500 
500 
400 
300 
200 or less 


By-products in Gas Manufacture. In the carbonization of coal for 
the production of gas and coke, there are obtained ns by-products: ammonia, 
light oils of the aromatie-hydrocarbon series, and tar. Other by-products, 
such as eyanides, are sometimes obtained. 

Ammonia. The ammonia yields may vary from 20 to 26 Ib. ammonium 
sulfate equivalent per ton of coal carbonized. In the distillation of the coal, 
there is condensed generally from 10 to 14 gal. gas liquor per ton of coal 
carbonized. ‘This may contain about one-half the ammonia, of which 76 
to 80 per cent will probably ђе in the free form and the remainder in the form 
of "fixed salts.” The free form consists of ammonium salts such as the 
carbonate, the bicarbonate, the carbamate, the sulfide, the hydrosulfide, the 
cyanide, and the polysulfide. Some of these salts exist only in very small 
antities if at all. The free ammonia in the liquor is chiefly carbonates and 
sulfides, All these decompose with heat and ammonia may be recovered by 
steam distillation. The ized ammonium salts must be decomposed by the 
action of a base, such as lime: These salts may consist of the chloride, the 
sulfoeyanide, the sulfate, the thiosulfate, the sulfite, the ferrocysnide, and 
the acetate. In addition there are phenols, arnines, and other nitrogenous 
substances in the liquor. The fixed salts are largely the chloride, with some 
sulfocyanide and sulfate, but the composition depends upon the heating of 
the liquor in which chemical changes tending to build up fixed compounds 
occur, 

‘The ammonia which remains in the gas is recovered by water scrubbing or 
by washing with a dilute solution of sulfuric acid in в lead-lined saturator. 
‘Today, the greater part of the ammonia recovered from the carbonization of 
coal is fixed as the sulfate, — Free-ammonin and aqueons-ammonium solutions 
of commerce are more conveniently prepared in high purity by synthetic- 
ammonia processes. (Lunge, “Coal Tar and Ammonia,” Van Nostrand, 
New York, 1916. Calvert, "The Manufacture of Sulfate of Ammonia and 
Crude Ammonia,” Benn, London, 1917. Parrish, "Design and Working of 
Ammonia Stills,” Van Nostrand, New York, 1024. Meade, “Modern Gas 
Works Practice,” Benn, London, 1921. Gluud, "International Handbook 
of the By-Produet Coke Industry," Am. ed. by Jacobson, Chap. 10, 1932. 
Morgan, op cit., Chap. 22.) 

The Recovery of Light Oils. The light oils, chiefly benzene, toluene, 
and xylene, existing in certain industrial gases, particularly coal gas and 
carbureted water gas, may be recovered by scrubbing these gases with wash 
oil and subsequently distilling the oil solution to volatilize the light oil dis- 
solved therLin. 


FUELS 


2371 


GASEOUS FUELS 


sop Buy вот 
та IO 


ny 
Кюн 


ло 0001 294 TD 


amog 


ПО 34377 Jo spsâreuy 


2372 FUELS 


The wash oil generally used in America for absorbing the light oil is a 
petroleum product usually known as straw oil, of which at least 90 per cent 
should distill between 250° and 350°C, It should have a specific gravity of 
less than 0.88 at 15°C. and be readily fiuid at 490. This oil is circulated 
countercurrent to the gas flow through high slat-filled towers, and the quan- 
tity used is sufficient to keep the light-oil volume absorbed to between 2 and 
З per cent of the absorbing ой. In European practice, heavy tar oils are used 
ss the absorbent. 

From the absorbing towers the oil is sent to a continuous, direct-contact- 
type steam still where it is substantially stripped of its light-oil content, after 
which it is cooled and ultimately returned to the circulating system to be 
again pumped over the absorbing towers. Heat exchange between incoming 
ой and exit vapors and oil is practiced in order to secure good steam economy, 

In earlier American practice, the light-oil vapors from the stripping still 
were condensed and charged into a so-called "crude" still. "This was usually 
of the intermittent type and of large capacity to give good fractionation. 
Here it was broken into fractions, and from the still bottoms a certain amount 
of entrained wash oil, together with naphthalene and polymerized unsaturated 
hydrocarbons, was obtained. The still was of the indirect-steam type, 
equipped with column and dephlegmator, For “pure” products the fractions 
from the crude still were washed with acid and soda and redistilled, 

More recent American practice prepares the pure producta such as “pure” 
benzene, “риге!” toluene, and motor fuel directly without passing through an 
intermediate crude still. Various treatments for the removal of undesirable 
gum-forming materials have been proposed, but the industry apparently 
usually depends upon agitation first with 66°B4. commercial sulfuric acid in a. 
Jead-lined container, followed by caustic soda [Sperr, Trans. Ат, Inst. Chem. 
Engra., 9, 169 (1917): Gas Age, 41, 393-397. Gluud, op. cit., Chap. 11}, It 
is possible to conserve space and investment requirements by the use of stills 
and agitutors of the continuous type. Consequently, there has recently been 
some interest in the development of such apparatus for benzol recovery. 


Table 26. Average Composition of Coke-oven Light Oil 


Light oil, % | Coal, gal. per ton 


1.782 
0:405 
0.216 
0:297 


2,700 


inces (principally hydrocarbons) 


In 1000 gal. of crude light oil from one source there were obtained: 680 gal. 
crude benzol, 140 gal. crude toluol, 50 gal. erude xylol, 55 gal. solvent naphtha, 
and 75 gal. residue containing entrained wash oil, polymerized hydrocarbons, 
naphthalene, and other materials, 

Certain resin-forming hydrocarbons found in the solvent naphtha frac 
of coal-tar light oils ħave recently received considerable attention, These 
are atyrene, indene, and coumarone. The residue from the final distillation of 
certain chemically washed light-oil fractions boiling from 160° to 18090. 
consists ОЁ coumarone resin. It is possible to manufacture this in various 
degrees of color and hardness. lt finds use in lacquers, paints, printer's ink, 
paper sizing, and electrical insulation (cf. Gluud, op. cit., р. 758). 
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Such resin-forming compounds, if not removed {топу manufactured’ gas, 
may lead to the deposition of gums and so cause stoppages at important 
points, such as pilots and regulators. 

Vapor Pressure—Wash-oil Composition Relations — Light-oil 
Scrubbing. In the scrubbing operations involved in the solution of light 
oils in wash oil and in the consequent stripping operations, the aromatic 
hydrocarbons in solution in the wash oil follow Henry's law and Dalton's law. 
The application of these laws is somewhat complex, as may be expected from 
the complex nature of the mixtures. For ordinary design and operations 
it is usually sufficiently exact to assume that the aromatics obey Raoult's law; 
Tes р = Pz, where р is the vapor pressure of the aromatic hydrocarbon (for 
example, benzol) in the solution; Р is the vapor pressure of the pure hydro- 
curbor at the temperature in question; and 2 is its mol fraction. To evaluate 
x it îê necessary to know not only the molecular weight of the other dissolved 
hydrocarbons but also, and particularly, the molal weight of the wash oil 
used. Since this is of petroleum origin, in the absence of direct determination, 
the molal weight may be approximated from the boiling point at atmospheric 
pressure by means of the relationships corresponding to those of the normal 
aliphatic hydrocarbons. 

Specific Heat of Wash Oil, The specific heat of the wash oil is an 
important factor in the design and operation of light-oil scrubbing systems. 
Та general, the specific heat of petroleum products is given by the expression 


в = -1-(0,888 + 0.000450) 


уа 


where с = specific heat, B.t.u./(b.) °F.) 

d = specific gravity at 60°F /60°F. 

t = temperature, °F, 
‘This formula applies well for intermediste-base crude oils; is about 2 per cent 
high for oils from paraffin crudes, and is about 2 per eent low for oils from 
naphthene-base orudes, For highly cracked oils the values are not more than 
4 per cent high (Nat. Bur. Standards (U, 8.), Misc. Pub., 97, Table 12, 1929). 

For the vapor pressures of the more important constituents in light oils 
from gas-making processes, namely: benzol; phenol; toluol; 0-, may апа p- 
xylene; and naphthalene, see pp. 308 to 389 of Вес. 3. 

Removal of Gasoline from Natural Gas. The removal of the lighter 
gasoline hydrocarbons from natural gas by oil scrubbing сап be achieved on 
the same principles as are applied to the recovery of light oils from manu- 
factured gas, due consideration being given to the partial pressures of the 
various constituents. Absorption is greatly favored by the elevated pres. 
sures sometimes available. 

Таг, Тһе pyrogenetic changes in the decomposition of coal during cat- 
bonization and in the conversion of oils to gas in oil and carbureted water gas 
making give rise to hydrocarbons of low vapor pressure which are deposited 
by the cooling gas stream and recovered as tar. The time of contact and 
temperature determine the nature of the hydrocarbons obtained. In coal- 
gas tar, they are ring hydrocarbons and their derivatives, and the higher 
temperatures now favored in carbureted water gas manufacture also produce 
a tar largely of the aromatic type. 

With recent developments in the use of heavy oil as a carbureting agent, 
involving the throwing of oil upon the fire, there have appeared heavy water- 
mas tars of high free-carbon content. Some of these cause difficulty because 
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of the stability of the emulsions created in their condensation. Under some 
conditions of operation, water gas tars made with bituminous coal as the 
generator fuel also give emulsion troubles, 

For tar refining, as in the recovery of intermediates, tar acids, creosotes, 
and pitches, coal tar is used. Water gas tar in general lacks the nitrogenous 
bases and the phenols present in coal tar, and does not ordinarily give creosote 
oils and pitches of satisfactory quality, although it is widely used for blending 
with coal tar. 

‘The usual yield of water gas tar is from 10 to 15 per cent of the oil used, 
Coal-tar yields vary with the mode of carbonization and the coal used. Coke 
ovens may yield from 6 to 11 gal., vertical retorts from 12 to 16 gal., and 
horizontal retorts from 10 to 14 gal. per ton of coal carbonized. 

In the handling of tare, the change of the viscosity with temperature is 
very important. For typical coke-oven tars, this may be expressed as follows: 
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log z = log К —nlog 7, 


where г is absolute-viscosity centipoises; log K is the constant varying from 
6 to 11; n is the constant varying from 2 to 5; Te is the temperature in degrees 
centigrade. (Huff, Ind. Eng. Chem. 15, 1026 (1923).] 

An examination of coal tar on a large scale has been made. by Weiss and 
Downs [Ind. Eng. Chem., 15, 1022 (1023)]. Water gas tar has been examined 
by Downs and. Dean [/nd. Eng. Chem., 6, 366 (1914)], A recent extensive 
study of the composition of coal tar and light oil has been made by Fisher 
(U. S. Bur. Mines, Bull. 412). А bibliography of 255 references is appended. 

Further sources: Warnes, "Coal Tar Distillation,” 3d ed., Benn, London, 
1923, Lunge, "Coal Таг and Ammonia," Van Nostrand, New York, 1916. 
Ний, Chem, & Met. Eng., 26, 113 (1922). Weiss, ' Recent Progress in Science 
in Relation to the Gas Industry," Chap. 8, Am, Gas Assoc, 1926. Gluud, 
op. cit., Chap. 12. 


Table 27. Coke-oven Tar and Coke-oven Pitch 


Characteristics of a Typical Characteristics of By-product 
By-product Coke-oven Tar Coke-oven Pitch 


Moisture... . 1.50% ` Melting point......... 
Specific gravity (15°C.) 1.165 Specific gravity. (15% 
Lb. per gal. Ў Flash point... .......- 
Coefficient. expansion. 

PO... Өз Вља, per 1Ь............, 158 
B.t.u. per Ib, (gross) : Free carbon o 
B.t.u. per gal. (gross) 157.140 ^ Fixed carbon 


- 90%100°C. ^ Ultimate Analysis: 
4.00% © Carbon,......-.-.- 


Hydrogen 

Nitrogen ve 

Oxygen... Я 

+++ 0.50% — Sulfur.. : 

Middle oils (170*-2709C.)...... 19.50% ° Ash. 7 


Heavy oils (270°-350°C.) © 20.00% 
Pitch... i. edet 


5 
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Following is the distillation record* for a typical tar from a by-product coke 
oven [excerpt from The Distillation of Coke-oven Tar and the Recovery of 
Some of Its Products by Huff, Chem. & Met. Eng., 26, 113 (1922)]: 


% һу volume referred 


Fraction No. Temperature, "C. | бай. per 1000 gal, tar to the original lar 

volume 

1 Atmospheric, 170. 0,145 1.45 

E Water, 15.5 1:55 

2 1202235 12 122 

3 235-110 123 123 

4 210-315 133 133 

5 315-355 E 9:8 

Residue and losses, 494 49.4 


Weight of residue, 57 per cent of original tar. 
‘The following products may be obtained from such tar: 
Т 


Gal, per 1000 gal. tar % by volume 
Ammonia water... aaas] 14-5 (0.6 Tb. NH est) 
Light oil, ШЇ] 15 Goaphthalene not determined) 15 
‘Tar acids. n 2] 26 26 


"The exact, composition of these tar acids was not determined. The probable composition is crude 
phenol approximately | part cresylic acid approximately 2 parts. 


Crude naphthalene Lb, per 1000 gal. | 95 by weight 
170-2350. fraction 200 21 
235*-270°C. ейп... 48 05 
"Тов, шеле» | 248 16 
Lb. per 1000 gal. | Weight, % 


Crude anthracene сако" 
Without | Additional recovery | Without | Additional recovery 
| «ш | шоко сыыс | chilling |^ due to chiling 
MBS... 465 94 0.48 0.098 
3157-3550. 930 94 0.97 0.098 
Total 139.5 18.8 145 01% 


* The exact percentage of anthracene was not determined. 

Vapor Densities and Latent Heats of Vaporization of Coal-tar Frac- 
tions. The vapor densities of typical coal-tar fractions have been determined 
[Huff, Ind. Eng. Chem., 10, 1016 (1918)]. The mean-molal weights of the 
vapors approximate those of the important aromatic hydrocarbons found in 

* In interpreting tar analysis, it should be remembered that it is not possible to attain 
in tar analyses the high precision of most chemical analyses. Moreover, from time to 
{ume the composition of the tar changes somewhat due to variations in the operating con- 
ditions and the coal supply, 
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the fraction, thus the 200° to 250°C. fraction has a vapor density approximat- 
ing that of naphthalene. While the experimental values did not form a 
smooth curve, the following equation relating the molal weights with the 
corresponding boiling points under atmospheric pressure in degrees Kelvin 
@e., °C. + 273) is sufficiently accurate for engineering purposes: 


5 1 347 
logi М = ECT 3.476 


From the molal weights, the latent heats of vaporization can be calculated 
by relations such as Trouton’s rule or the Hildebrand function (see p. 638), 
Which last for non-associated liquids (to which the class of coal-tar hydro- 
carbons appears to belong) may be expressed by the relationship: 


Р 
—7.105{ lo == ) + 2.395 

тло (око s) + 2.395 
where L is the molal latent heat of vaporization in gram-calories per gram, 
and P is the pressure in atmospheres. 

‘The following equations were derived by the writer from the experimentally 
determined vapor densities and give the latent heats of vaporization v in 
gram-calories per gram from the boiling point in °C. (t) at atmospheric 
pressure: 


logi в = 2,062 — 0.000568¢ 
and V in B.t.u. per Ib. from the boiling point in?F.(T) at atmospheric pressu 
logi V = 2.328 — 0.00031 
The Thermal Conductivity of Tar and Oil Films. (Calculated from 
data of Ernst in Royds, “Heat Transmission," p. 221, Van Nostrand, New 
York, 1921) Range from 0.070 to 0.078 B.t.u./(sq. ft.) (hr.) (ft. thickness 
per ?F.). 
Specific Heats of Coal Tar and Tar Distillate: 
per ?C.( = B.t.u. per pound per degree Fahrenheit). 
Coal tara: 


In calories per gram 


[ 0.05 at 40°С. 
0.45 = 0.05 at 20°С. 


Tar distillates: 
0.34 + 0.04 at 15-90°С. 
(From “International Critical Tables.") 
Specific Heat of Pitch. (From Report of Fuel Research Board for year 
ending Mar. 31, 1928.) 


Softening | Mean specific heat, 
pinh, ball коса] "0. 
vd, 0. 


А, From vertical retort tar from Durham coal carbonised in | 
Glover-West retorts. Таг distilled to 360°C. without steam | 53 0.32, 0.34. 
B, Medium-soft pitch from horiaontal retort tar from Durham | 
coal. Tar distilled and distillation completed with steam at. | 


300-320" | 
С. Pitch from low temperature tar, Таг distilled to 310°C. with- | | 
ош steam 4 045: | 0-40, 


"That the mean value for pieh C between 20" and 83°С. is lower than the value between 20° and 50°C. ia 
explained as being due to the fact that this piteh bas a softening point below 50°C. and latent heat is 
анода in de lower runge of temperatures in melting Ше pite th cane of the first bwo samples the 
latent heat of fusion is supplied at a temperature higher than 50°C. 


Table 29. Gas Com- 
| | Heat of 
| combustion 
| Sem. 
Хе. | Gas Formula | Cute | IRE 
s рег | 1.0004 | B.t.a.per eu, ft. 
| Grom [Ne 
TT | Carbon THOT E ЧҮТ 
2 | Hydrogen 2.016 0.005327 1187.223 `00.06959 | 325.0, 275.0 
3 | Oxygen 32000008461. | 1:819 |1-1053 
4 | Nitrogen (alens.) 28.016 0.074394 | 13.4434 (0,971847 
5 | Carbon monoxide жод, 5:598 PT | эш ЗВ 
6 | Carbon dioxide 44.01 0.1170 | 8.548 1.5282 | 
Paraffin series САН + 2 | 
7 | Methane 16.041 0.04243. | 23.565 0.5943. | 1013.2] 913.1 
8 | Ethane 30.067 0.08029 | 12:4554 1:048824 | 1,792 | 1.641 
9 | Propano 44092011969 | 8.365€ 1:5617% |2590 |2385 
10 | n-Butane Жр, 15824 | 6.3219 OAT |3370 | 3.118 
11 | Taobatane 58.18 0.15829 | 6.3219 (2.06654 |3.363 | 3,105 
12 | n-Pentane 72.1440: 19044 | 5.2524 (2.48724 |4016 | 3,200 
13 | Isopentane 72.1440, 19049 | 5.2524 (2748729 |4008 [5710 
14 | Neopentuno 22.4440.19044 | 5:2524 (2.48729 |3903 | 3,693 
15 | n-Hexane 86:1690.22744 | 4.3994 219704 [4762 |4412 
Olefin series СН | 
16 | Ethylene 0.07456 | 13.412. (0.9740 | 1,613.8 1,513.2 
17 | Propylene, 3210771011107 | 9:0074 1.45044 |2336 |2,186 
18 | u-Butone (Butylene) | 56:1020:14809 | 6.7564 |1/9936¢ |3084 [7885 
19 | Isobutene 56:1020-14809 | 6.7564 1.93304 |3061. | 2809 
20 | n-Pentene | 20.1280.18524 | 5,4004 2.41909 |3/36 35% 
Aromatic series «Hos — | 
21 | Benzene 78. 107/0, 20609 2.6920 |3751 |3,601 
22 | Toluene | 52.120.214 3.17606 [4484 |4284 
23 | Xylene | 106, 158 0.28034 5.66189 |5230 |4980 
Miscellaneous gases | | 
24 | Acetylene | cuts | 26.036/0.06971 0.9107 (1,449 1.448 
25 | Nuphthalene Сан, /128!162)0:3384¢ 4.42084) [5.854** 5.6549» 
26 | Methyl alcohol. | онон | 32.041 0.08469 1.10529 | 867.9] 768.0 
27 | Ethyl alcobol CHOH | 46.067 0. 12164 158908 | 1,600.3] 1.450,5 
28 | Ammonia | 17-031|0.0456§ | 21:9144} (0.59614) | 441.1). 365.1 
29 | Sulfur 3106 р i jui 
30 | Hydrogen sulfide [E5 34.0760. 09109 1.18987 | 647 | 596 
| | 
31 | Sulfur dioxide | | 64.06 10.1733 | 5.770 (2.264. | 
32 | Water vapor 18.016 0047589 21 0177 0.62154 | | 
33 | Air | 28.9 10.07655 | 13.063 11.0000 | 


From "Fud-Flue Gases" published by the American Gas Association, New York, und reproduced by 
All gas volumes corrected to 60°F. and 30 їп. Hg dry. For gases saturated with water at 60°. 1.73 ¢ of 


* Caleulated from atomic weights given in J. 


Am. Chem, Soc., February, 1987. 


+ Densities calculated from values given in grams per liter at 070. and 760 mm, їп the " International 
was not available, the assumed value was taken as 0.0037 per °С. Campare this with 0,003662 which is tho 


Some of the 


terials 


cannot exist as gases at 60°F. 
these materials are present, their partial pressure is. 


id 30 in. 


Hg-pressure, in which case the values ate 
enough to keep them as gases, 


f Converted to mean Вл, per pound (Изо of the best per pound of water from 32° to 21296.) from 
o Destacan from groas ones benting value determined by deducting 19/919 BA. рее eme of vater 


| 


ne, Stimson, and Flock, Nat. Bur. Standards ( 
% From 3d cd. of Combustion, published by Am 


S), Research 


Paper 20 


Gas Association. 


See data for Carbon, Nat. Bur, Standards, Research Paper 1141. 


' The asterisk denotes that either the density or the coefficient of expansion has been aasumed. 
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bustion Constants 


T Exper 
carat ay | Cu. ft. per eu. ft of combustible Lb. per Ib, of coribustible mental 
] 7 — — [heat of 
| Required for Flue Required for Flue сош- 
Batu. per Ib. combustion | products сабоо products | bus 
ros | Nets Air 
TOT | 189931 ] 853 0.012 
61,100" (51623 | 0:5 1:882 2:382] 407, 0.015 
4347 | 4347 | 0.5 1.882 2.382| 1.0 ...| 1.8820.571) 1.990 2.471.571 1.900 0.045 
E d ] | | 
| 4 ame | | | 
2.0 7.528 9.528 1.0) 2.0 7.5283.990 13.275)17.265,2.7442. 246 13.275, 0.033 
3:513.17516:675 2.0 3.013.1753.725 12.394 16. 1192. 92711, 798 12.394, 0.030 
ШЕЛ 38 OBI О 2 AI OM 008 
6/5/24: 467 30.967 4 | 3.02.467 3.37 1-908 1:46]5.0221 530.908 0,022 
6.524.46730. El 4.0 5.024.4673.5791 308 15.4875. 029155011, 908 0.019 
8:030: 11438. 114 5.0 6.030. 1143, 548 11:80515. 533.0501 498 11:805 0,025 
5.080. 11438. 114 5:0 6.030. 1143 | 11:805 0.071 
| 8030 11438.14 5.0 6.030. 143. 11.805 0.11 
20940 19403 | 9.535.76045. = 6.0 7.035.7603. 11.788 0.05 
| AMET! 
21,644 120,295 | 3.011.29314,293 2.0) 2.011.2933. 385 0.021 
21041 [19601 | :516.93921:439 3.0 3.016:9303. 422! 385 0:031 
20540 |194% | 6.022 5828.585 4.0 4022.5853.422 385 0,031 
20730 [19382 | 6.022.58528,585 4.0 4.022 5853.4221 385 0.031 
20712 |19365 | 7.528 ip 732 5.0 5028.2323. 42211 385| 0.037 
feof | | 
16,210 |174в0 | 7.528.23235.732 6.0] 3.028.2323.07310.22413.2973.3810. 69210.224 0.12 
18440 |17620 | 2.033.678 42 B78 7.0 403.8755. 12010401 13.527 3.3440. 78210.40) 0.21 
їкї 170 | 10,539.52450,024 8,0 5,039.5243,16510,53913.6993.3170, 4910.530 0.36 
2100, 20276 | 2.5, 9-411 9H. 20.10 9-411507 10.22413.2975.3810.692 10.224 0.16 
1,28 12.045, 17057. 16010.0. 4.045. 1702.996 9.968 12:9643.4340.562 9.968). * 
10259 15 5.686 7 m 1.0 2.01 5.6461 408 4 764. 64821 3741 129 4,084 0.027 
13.161 з.011.29314. 293| 2.0 5.011.2932.084 6.934 9.0181 .911|1 170 6.934) 0.030 
9,608 0.75 2:803, 3.573... 1.5 3.3231 40 4.688 6,097,..... 1.587, 5.511 0.085. 
3.983 | | bl 0:996 3.287 4289 80, | 3:287, 0.071 
7400 13 зве тома 1.0 5.64. в GO 80.5 489 030 
т | 
| ШК m 
| meu 
| 


— 
The ВА. value must be deducted, 


Critical Tables," allowing for the known deviations from the gas laws, Where the сое сеп of expansion 
coefficient for a perfect gas. Where no densities were available the volume of the mol was taken ая 22.4115 1, 
theoretical ones given for ease of calculation of gas problems. Under the actual concentrations in which 


data by Frederick О, Rossini, National Bureau of Standards, letter of Apr. 10, 1937, except as noted, 
їп the producta of combustion. Osborne, Stimson, and Ginnings, Meck. Eng., p. 163, March, 1935, and 
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The coefficients of cubic expansion of tar and tar products have been’ examined 
in the Barrett Co. laboratories and are reported by Weiss in the Am. Gax 
Assoc. Monthly, 3, 501 (1921). The following summary is taken from that 
paper: 
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Water-gaa tar. 0.000365 
Vertical-retort tar. 
Coke-oven tar. 
Horisontal gaz work tar. 
Pitches. 

Creosote oils. 

Carbolic oi 
Gas drip (bolder oils). 
Phenol (liquid) 


Ortho-cresol (liquid). 1 
Meta and para cresols and xylenols, 27: 


Crude tar arida 000785 | 000435 
Pure benzol veces -001280 | -000710 
Pure tolunl ij 2000140 | 000890 
Pure xylo! Я | 001060 000520 


Refined solvent. А НИХ woe 001025 | 000515 
Heavy naphtha (crude). 3 000880 | 000490 
Crude naphthalene (solid) 000440 | 000245 


Refined naphthalene оба). f =| -000310 | .000170 
‘Tar paints... . s... .000630 000370 


Except for the naphthalene, all the above values apply exclusively to the 
liquid phase. The naphthalene values apply exclusively to the solid. The 
figures cannot be applied to в mixture of liquid and solid as unusual ехрал- 
sions or contractions may occur due to the change of state. 

Gas Sampling and Storage for Analysis. While itis beyond the scope 
of this treatise to deal with methods of gas analysis, engineering operations 
frequently require the taking of gas samples and the storage of such samples 
for transportation and while awaiting analysis. Because of the ense with 
which gases diffuse, the taking of samples is not generally deemed difficult 
and frequently is given insufficient attention. Care must be exercised to 
ensure that the sample lines and sample containers are adequately purged. 
If the gas is under pressure, it is desirable to provide a tee which will permit 
the wasting of some excess past the container. Where the cross section from 
which the sample is to be taken is large as in chambers or some mains, а 
suitably designed perforated sample tube should be extended into the main 
ог chamber. Тһе holes should be drilled at regular intervals not exceeding 
6 in., and the diameter of the tube should be at least 12 times the diameter 
‘of the holes in the side. To ensure substantially equal pressure upon all 
perforations, the offtake from the perforated tube should be taken from its 
mid-portion by a smaller inner tube. If the perforated tube'is l-in. pipe; 
this inner tube can conveniently be 34-in. pipe. ‘The sampling tube must be 
non-reactive and non-eatalytic; and, if the gas concentrations nre shifting. 
provision should be made for freezing immediately the equilibriums involved, 
"Thus in sampling gases from high-temperature reactions, it is frequently 
desirable to sample at а high velocity with adequate water cooling. 
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Table 31. Properties of Various Grades of Commercial Paraffin 


Hydrocarbons* 
Propanes Butanes Pentanes Hexanes 
Уж ems bs por ai 
in, (pure)... G3 
WE cen 120 3 
165 5 
195 $5 
210 7! 
500 110 
ange, —ч 5 5 150 
К inem 
{умит D. icai 0.509 0.576 0.630 0.663 
APL gravity of 
"ALT. 00/677. 146.4 114.2 »2 82,3 
alil boiling poin, -45 12 a 15 
Final bolling point, "P. —40 | 30 100 165 
Weight per gal. of liquid, | | 
| 4.4 аео А 55 
Mean соёйдеп of ther- 
mal expansion 
Fram 0° to 50°F. 0.001316 | 0.000998 0.000766 0.000764 
From 50° to 100% оз | 0018 0.00040 0000792 
Sete gravity of ш | 
(шг = |)... 158 | 1.95 2.49 27 
Specific heat of vapor at | 
ӨТҮ, (C) 005 | — 068 0.448 0.42 
Dewpoint at 147 1Ь, | 
solute, "Р... 44 E » мо 
Ci ft of qus per Ib, of 
NU 8.49 67 5.17 an 
t 
үт 36 2 7 E 
Limits озу 
бы 9% in pest mir 
ture for lower explo- 
sive шіт а 25 20 15 1a 
Gus 9% in gus-aie mit- 
ure for maximum 
Tate f flame propa- 
‘ation... 47 36 1.28 2.0 
aa in gasir ші 
ture for upper ex- m 
plosive limit... 74 66 55 42 
Maximum rate of fame 
propagation, em. per 
seo, in 2.5-cmn-diame- 
ter tube. 82.4 ELS 83.0 8.3 
Heating value i 
Ви. per cu. ft,.... | 2.550 3,200 4,090 4,830. 
В. per ]b.........| 21690 2142) 21,130 21010 
Bitu. per gai 31800 102400 110500 116,000 
Latent heat of vaporia- 
ion at boiling point 
Вїдьрегїһ. е. 186 170 155 из 
Bitu per ви] 788 830 ait 788 


"These properties are approximate only and can be readily varied to meet exact specifications by alight 
changes inthe composition of the various grades. Intermediate grades can be readily prepared by Blending 
the basic grades indicated above. 

“From Proc. Am. баё Asoc., 1928, Table П, p. 1296, by permission of the American Gas Association. 
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In general, for accurate work, samples should not be taken ог!вїогей over 
water as this frequently manifests. undesirable differential solubility effects. 
‘Where mercury does not react with the constituents, it makes an excellent 
confining liquid. A sample container satisfactory for many purposes is made 
from а magnesium citrate bottle to which some mercury has been added. 
After the sample has been taken and the bottle is clamped shut, it is inverted 
to bring the mercury over the stopper, thus sealing this. Such sample 
bottles сап be packed in a carrier designed to prevent tilting and can be 
shipped long distances. 

An excellent discussion of gas sampling and handling will be found in 
Chap. II, Part 1, Sec. 2 of the “Gas Chemists’ Handbook" (1929 ed.), pub- 
lished by the American Gas Association, 

Errors in Gas Analyses Due to Deviations from the Simple Gas 
Laws. The assumption that all gases obey the simple gas laws may lead to 
a source of errors relating to the determination of gas composition. Such 
errors may arise in calculating the composition of high-thermal-content 
gases from combustion determinations if the partial pressure of the carbon 
dioxide in the combustion products is high (cf. U. S. Bur. Mines, Tech. 
Paper 54). The following data are taken from this paper. 

Corrected equations indicate the magnitude of such errors when the partial 
pressures of the combustible gas and of the carbon dioxide produced by the 
combustion are 95 to 100 per cent of the total pressure, If the partial pres- 
sures differ from these, different molecular volumes, depending upon the 
partial pressures, are used. Tables showing molecular volumes of carbon 
dioxide and of ethane are subjoined, As the partial pressures diminish, the 
molecular volumes are seen to approach unity, ће, the volume of a perfect gas. 


Table 32, Molecular Volumes of Carbon Dioxide at 20°C, and Various 
Partial Pressures 


Molecular. Percentage of 


Pressure, mm, 


volumo total pressure. 
100 0.999 13.1 
200 0.999 26.3 
300 0.998 39.5 
400 0.997 52.6 
500 0.997 65.8 
600 0.996 78.9 
700 095 | 9:9 
760 0.995 | 100.0 
Table 33. Molecular Volumes of Ethane at 0°C. and Various Partial 
Pressures 
Pressure, mm. | Molecular yohime 


EE 
Freeeeen 
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‘Theoretical and Corrected Equations for Combustion of Certain Gases 
Methane: CH; theoretical equation, CHa 
CEN; corrected equation, 0.999 CH, + 2.000 O: = 0.994 COs + 2 HO, 

0.999"volumes = 2.000 volumes — 0.994 volumes = 2.005 volumes = contraction. 
0.498 contraction 


Ethane: С.Н; theoretical equation, C:Hs + 
Hs; corrected equation, 0.990 С:Не + 3.5 O: = 1.988 CO: + 3 НЊО, 
0,990 volumes + 3.5 volumes — 1.988 volumes = 2.502 volumes = contraction 
0.306 contraction = СгНе 
0.407 СО: = Она 
Carbon monoxide: CO; theoretical equation, 2 CO 4 O, = 2 COs. 
СО; corrected equation, 3.000 CO -+ 1.000 Оз = 1.988 COs, 
2,000 volumes + 1.000 volumes — 1.988 volumes = 1.012 volumes = contraction 


1,976 contraction = CO 
1.006 COs = GO 
Ethane: CsHi; theoretical equation, СЕНА + 8 O: = 2 СО: + 2 НЮ. 
Сана; corrected equation, 0,983 СН, + 3.000 Or = 1.988 COs. 


0,983 ‘volumes + 3.000 volumes — 1.988 volumes = 1.995 volumes = contraction 
0.493 contraction = СеНа 
0.494 COs = САНА 
Acetylene; C:Hs; theoretical equation, CsHs + 2.5 Оз = 200; + Hs0. 
C:Ha; corrected equation, 0,902 Сана + 2.5000 О; = 1.988 CO: + НО, 
0,992 volumes + 2.500 volumes — 1.088 volumes = 1.504 volumes = contraction 
0.659 contraction = 
0.499 COs = Gills 


Compressibility of Natural Gas at High Pressures. Deviations from 
the simple gas laws may be important in many engineering operations involv- 
ing fuel gases. This deviation has been studied by a number of workers 
(Burrell and Robertson, U. S. Bur. Mines, Tech. Papers 131, 158. Johnson 
and Berwald, U. S. Bur. Mines, Tech. Paper, 539. American Gas Assoc., Gas 
Measurement Committee, Report 1, Natural Gas Dept.). As natural gas is 
more compressible under usual high pressures at ordinary temperatures than 
is called for by the simple gas laws, gas purchased at an elevated pressure 
gives а greater volume when the pressure is reduced than it would if the gas 
were ideal. Burrell and Robertson (o. ci., Тесћ. Paper 158) give the follow- 
ing formula for calculating the compressibility of natural gas: 


D = аР, + bP: + cP; + ара +, eto. 


where D expresses the percentage deviation from Boyle's law, Pi; Ps; Ps; Ра 
etë., represent the partial pressures of the respective constituents expressed. 
in atmospheres under the conditions in question, and a, b, с, d, e, and аге 


characteristic factors for constituents of natural gas having the following 
values: 
Methane, в | 0.228 
Ethane.. HE 
e 
Carbon dioxide, а | 06 
Nitrogen, e | 0.01 
Аи... | f | 0:05 


The work of Johnson and Berwald (loc. cit.) extends the study and gives 
deviation eurves for characteristic natural gases. Contrary to the assump- 
їп implicit in the work of Burrell and Robertson, Johnson and Berwald 


2386 FUELS 


found that the deviation curves were not always straight lines, For details, 
their work should be consulted. 

This deviation may be of importance in measurements of natural gas with 
respect to (1) variations in pressure base, (2) gas measurements by*orifice 
meter, (3) gas measurements by positive meter, (4) gas measurements by 
“non-critical flow prover,” (5) gas measurements by critical flow prover, 
(6) in the estimation of gas reserves, 

‘These are discussed by Johnson and Berwald. 

For a discussion of equations of state and critical constants, see Physical 
and Chemical Calculations, pp. 018-623. 

Gross and Net Heating Values. In the application of gases, there some- 
times occurs some confusion om the subject of the gross and the net heating 
values, and it therefore appears desirable to clarify these; The gross heat- 
ing value is the maximum utilizable heat in the products of combustion and is 
obtained only under such conditions that the steam is actually condensed 
to water. This is possible only if the products are cooled to the starting 
temperature, and even then there may be loss as the entering air may Вахе 
been partially dry, and the flue gases must leave saturated. 

Та the usual applications, the excess air and the failure to cool the products 
of combustion generally render none of this latent heat available, and the 
reduced value obtained is designated the net heating value. When either 
value is used in calculations it should be properly designated at all times. 

Proper definitions of the terms gross and net heating values and the use 
of 970 or 1040 B.t.u. as the latent heat of condensation of water (of. Lichty 
and Brown, Ind. Eng. Chem., 83, 1419 (1031); and Porter, Ind. Eng. Chemi., 
23, 1433 (1931)]. The A.S.T.M. prescribes 1040. 

‘The net heating values of gases at 60°F. and 29.92 in. of mercury may be 
calculated from the following relation: 


where На = net heating value of gas, B.t.u. per cu. ft. 

H, = gross heating value, B.t.u. per cu. ft. 
1. ft. of water vapor formed in the combustion of 1 on. ft. of 
dry gas. 
pressure of dry gas, in. of mercury» 
temperature of gas in °R. (°F. +460). For 60°Е. and 29.92 in. 
of mercury the relation becomes 


Hn = H; —494W 


‘The density of moist gases is treated under Humidification (p. 1080) 
and Drying (p. 1479). 


"s 
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Data on Gas Manufacture 
The Manufacture of Producer Gas. Producer gas is made by blowing 
humidified air into a deep ignited bed of solid fuel, usually conl or coke. 
The primary reaction is the combustion of the fuel, first giving CO, and Ns, 
As the gases progress, the COs first formed is reduced to CO, and the water 
vapor is partially decomposed yielding CO, CO:, and The thermo- 
chemistry of the various producer-gas reactions may be expressed as follows: 


С + Os = CO: + 174,600 B.t.u. а) 
CO: + С =2С0 — 70,200 B.t.u. (2) 
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C + НО = CO + H:—70,900 B.t.u. (3) 
С +290 = COs + 2H: — 71,600 B.t.u. (а) 
CO + Н:0 = CO: + Н. – 700 Вел. (5) 


‘There is some divergence of opinion concerning the exact mechanism of the 
reactions and their relative velocities, which cannot be considered here in 
detail. There is, however, evidence to show that the thin oxidation zone, 
immediately above the ash zone, gives predominatingly reaction (1). Аз 
the partial preasure of the free oxygen reaches a low value or is practically 
gone, carbon monoxide appears and rapidly increases. Shortly above this 
point, steam decomposition begins and free hydrogen appears rapidly at 
first and then increases only very slowly. This zone is sometimes designated 
the primary reduction zone and is relatively thin. In the higher or secondary 
reduction zone, no reduction of steam by carbon occurs. This secondary 
reduction zone serves chiefly as а heat interchanger, the hot gas serving to 
heat the incoming fuel. Above the secondary reduction zone is the distilla- 
tion sone which is relatively unimportant with low-volatile fuels such as 
coke and anthracite, but which may contribute a very considerable quantity 
of thermal energy in the form of gaseous hydrocarbons from high-volatile 
fuels, Indeed, it may represent as much as 40 per cent of the heating value 
of the gas. 

Above the fuel bed, the heating value of the gas may drop somewhat due 
to the Neumann reversion [Stahl и. Eisen, 38, 394 (1913) and T. V. deut. 
Ing., 58, 1481, 1501 (1914)], 


200 ¬ CO: + С 


and to the leakage of COs and steam around the edges of the fuel bed and 
through blow holes. 

Tho capacity of a producer is a variable quantity, depending chiefly upon 
the quality of the fuel supplied, the method of operation, the design of the 
producer, and the character of the demand for gas with respect to quality 
and quantity, With hand-firing conditions, gasification rates for short 
periods as high as 15 Ib. fuel per square foot grate area per hour have been 
attained with gas coals having а low percentage of high-fusing ash. About 
8 to 9 Ib. per ва. ft. per hr. is obtained with good-quality bituminous coal, and 
with lower grade fuels the gasification rate may not exceed 6 to 7 lb. The 
limitations are imposed by the clinker conditions and the necessity of avoiding 
both the blowing over the fuel and the extension of the oxidizing and primary 
reducing zones to such heights that the relatively slow reduction of carbon 
dioxide to the monoxide does not have time to proceed sufficiently, and the 
gas discharged is consequently too high in CO: and too low in heating value. 
While this last disadvantage may be overcome to some extent by the use of a 
deeper fuel bed, and the excessive oxidizing temperatures may be reduced 
somewhat by the addition of more steam to the air blast, the blowing over of 
fuel presents a practical limitation on velocity conditions for any given grade 
of fuel. To avoid this with high gasification rates it is necessary to use 
mechanical operations which ensures uniform fuel-bed condition free from 
zones of excessive gas velocity. The fuel should also be carefully sized. 
Observing suitable precautions, American gas producers may average gasifica- 
tion rates of 15 Ib.; and 25 1b. are possible with good coals. It is claimed that 
with mechanical poking and continuous ash removal, gasification rates as high 
ав 50 Ib. have been attained by some producers. 

Increasing the depth of the fuel bed raises the temperature of the primary 
reduction zone and affords a longer time of contact. This gives better decom- 
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position of the steam. According to Haslam [Ind. Eng. Chem., 16, 782 
(1924)], the constituents of the producer gas come to an apparent equilibrium 
constant dependent upon the thickness of the fuel bed alone, and independent 
of gas velocity (rate of firing), ratio of pounds of steam to pounds of coal, or 
temperature of the exit шав. In this 


(COs) (H9) 
(CO) (H:0) 


in which L is the depth of the fuel bed in feet. 

Excessive amounts of steam should be avoided, as these, in accordance 
with equilibrium considerations, raise the COs concentration and produce 
steam in the exit gases, an inert diluent which removes heat from the fuel 
bed. On the other hand, the use of some steam is desirable, as its endothermic 
decomposition prevents excessive clinker formation, and seryes to convert 
some of the sensible heat developed from the carbon-oxygen combustion 
into potential energy in the form of CO and Hs. The most desirable yalue 
is usually about 0.4 Ib. water in the air blast per pound of coul gasified, 

‘The importance of a satisfactory size and uniform space conditions in the 
producer bed has already been indicated, The coal should be spread uni- 
formly, the fuel bed should be constantly poked, and the ash continuously 
removed to avoid channeling, and attendant unequal temperature and contact, 
conditions. 

Blauvelt |Trans. Ат. Inst. Mining Eng., 18, 614 (1890)], discussing soft- 
coal producer-gas practice, emphasizes the importance of placing the producer 
во as to lose as little as possible of the sensible heat of the gas and to prevent 
the condensation of the hydrocarbon vapors. He recommends a high fuel 
bed, keeping the producer cool on top, thereby preventing the breaking down 
of the hydrocarbons and the deposit of soot and also reducing the CO: со 
centration, He advises the use of as much steam with air as will maintain 
ineandescence, 

For many purposes a clean producer gas must be used. As it is difficult to 
clean. a hot gas, it is necessary to cool and scrub, The sensible-heat losses 
van, however, be greatly diminished by the use of water-jacketed wide walls 
and waste-heat boilers, if the capacity and demand will warrant the necessary 
investment. 

In addition to precautions indicated in the foregoing, it is important to 
avoid mixing the ash with hot coal in the poking; а good distribution of the 
entering air steam should be secured, and the steam control should be such 
thata constant air-steam ratio is maintained under constant load. 

Practically any solid fuel can be used in producers, provided the density- 
surface conditions are such that the fuel will form a satisfactory combustion 
bed under reasonable velocities. Economic considerations, therefore, play 
a primary part in the choice of the fuel. Рог the higher B.t.u. producer gases 
it is necessary, of course, to use a fuel high in volatile combustible, and it 
should preferably be closely sized, non-eoking, low in ash, with the ash non- 
clinkering, and low in sulfur. The fuel should also be low in moisture. 

It is impossible to deal extensively with the action of different types of 
fuels, and different types of producers. The reader is referred to texts such 
as Haslam and Russell on ‘Fuels and Their Combustion," McGraw-Hill, 
New York, 1926, and Rambush, “ Modern Gas Producers,” Van Nostrand, 
1923. Considerable valuable data are contained in publications of the U. S. 
Bur. Mines. such as Bulle. 7 and 13. The use of the net hydrogen-volatile- 
matter ratio of coals in certain gas-producer calculations is discussed in Ind: 


0.0961, 
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Eng. Chem., 20, 1371 (1928). Such calculations are, however, limited by 
difficulties in securing true average gas samples. 

As an illustration of results which may, be obtained in large coke-fired 
mechanical producers of the Kerpley type, the extensive data of Morris, 
Ат. Gas Assoc., Proc., 1922, pp. 30-45, may be consulted. His heat balance 
shows that 79 per cent of the input appeared in the calorifie value of the gas 
and about 71% per cent as useful high-pressure steam. The chief heat losses 
occurred in the scrubbers; cooling water, and radiation, totaling over 13 per 
cent. 

The Manufacture of Water Gas. For public service distribution the 
water gas is generally carbureted with oil gas and is known ав carbureted gaa, 
the use of blue water gas being confined to certain industrial conditions and 
as a diluent for peak-lond demands on natural gas, oil gas, or coal-gas dis- 
tributing systems. 

Since the manufacture of carbureted water gas involves necessarily the 
manufacture of blue gas, consideration of blue gas logically comes first. 
‘The blue-gas machine consists primarily of a generator which is a steel shell, 
lined with insulation and fire brick, and may vary in free internal diameter 
from about 3 to about 10 ft. This generator is equipped with an iron charging 
door at the top, ground to prevent leakage, and suitable clean-out doors at 
the side near the bottom. Connections at the top are made to lead away the 
hot gases, and, to admit steam for down run, air-blast, steam, and gas-outlet 
connections are provided at the bottom of the generator. ‘The fuel is ordi- 
narily charged to п depth of from 7 to 9 ft. 

Solid fuels, properly sized, are employed. Anthracite coal and, later, 
соке have been favorite fuels and are still widely used; particularly, соке, 
Since the World War led to а shortage of these fuels, the use of certain bitumi- 
nous coals was necessary and this has led to an extensive development with 
attending economies. Not all bituminous coals are satisfactory. Certain 
chemical and physical properties must exist which are, however, as yet not 


well defined. А non-coking coal which will not shatter on heating has obvious 
advantages. 
The fire is lighted and blown with an air blast until the fuel bed attains 


satisfactory incandescence, The chemical reactions of the heated bed under 
blasting correspond to those of an air-blown producer. However, no water 
vapor, beyond that ordinarily present in the air, is admitted, and the veloci 
contact conditions established seek to store the maximum amount of heat in 
the generator at the highest possible rate, while the combustion products are 
maintained high in carbon dioxide. Carbon monoxide in the blast products 
may represent an energy which cannot be economically used. The blast 
products may be used to heat checkerwork for oil cracking and for raising 
steam in a waste-heat boiler, or they are discharged to the atmosphere through 
a stack valve, 

When the bed has attained a satisfactory temperature, and before the 
enrbon monoxide production becomes excessive, the air supply is shut off and 
steam is ndmitted to produce the desired blue gas. The steam reacts with 
the carbonacéous fuel to produce carbon monoxide and hydrogen with some 
carbon dioxide, but the velocity, contact, and temperature conditions are во 
chosen that only low percentages of the dioxide are obtained. Under these 
conditions some! small amounts of nitrogen, methane, and organic sulfur 
compounds are also present. 

Aeeording to the reactions given for the gas producer, the endothermic 
decomposition of the steam rapidly reduces the fuel-bed temperature, which 
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reduction favors the production of carbon dioxide rather than the desired 
monoxide; therefore it is necessary to discontinue the steam ndmission and 
subject the bed to air blasting until а satisfactory temperature is again 
attained. The gas making and blasting thus go on in cyclic fashion, with 
pauses for fuel charging and clinkering. The gas-making time lost for these 
two later operations has, however, been very greatly reduced, in fact almost 
eliminated, by the recent development of automatic grates and chargers. 

Tt will be seen that blue-gas-manufacture involves the balancing of the 
temperatures of the fuel bed, which must not be allowed to get too hot, thus 
giving excessive carbon monoxide losses in the blast; nor too low, involving 
carbon dioxide losses in the gas-making period. 

If the steam is admitted solely from the bottom of the fuel bed, this rapidly 
grows too cold and may not again ignite when blasted. Moreover, the top 
of the bed grows excessively hot, involving higher sensible-heat losses. To 
overcome these difficulties, the steam run is divided, part up and part down 
through the bed. To prevent explosions, the steam flow just preceding and 
immediately after the air blast is upward, thus avoiding the mixing of air and 
combustible gas. To secure fires which are readily cleaned, it is customary to 
use a considerable excess of steam. Often 50 per cent of the steam used may 
not be decomposed. 

The efficiency of blue water gas manufacture is necessarily low. Some of 
the heat losses include: 


1. Losses as sensible heat in the gases and combustion products which leave the 
generator at high temperature 

2. Losses as sensible heat in clinker and ashes, und unconsumed fuel wl 
'oved from the generator. 
3. Radiation and convection losses from the generator. 
4. Losses due to the vaporization of water in the fue 
5. Stand-by losses when the machine is under heat but idle. 
6. Combustion losses during fire-cleaning periods, 
7. Losses due to the use of excessive amounts of steam during the steam run, 


re 


‘The preparation of a heat and material balance upon a blue water gus 
machine is в difficult matter, and no standard practice has been developed. 
Some of the sh mings of some published tests have been discussed by 
Travers (Trans. Inat. Chem. Eng, 2, 65 (1924)]. Recently the Water Gas 
Committee of the American Gas Association has been engaged in the develop- 
ment of a test code for public utility use with carbureted gas (Proc, Am. Gas 
Assoc, p. 1507, 1930). 

Some conception of heat and material balances which may be secured in 
blue water gas manufacture may be obtained from the data of Morris (Am. 
Gas Assoc., Proc., 1922, pp. 39-45). Соке consumption amounted to about 
36.2 lb.per 1000 eu. ft. of blue water gas, calo value 287 B.t.u. per cu. ft. 
(gross) ; correspondingly, 2,230 cu. ft. of air and 51.9 Ib. of steam were required. 
The calorific value of the gus made represented 62.7 per cent of the thermal 
value of the coke. Тһе set was equipped with a waste-heat boiler and 
produced more steam than was used under the grate. The highest heat loss 
oceurred in the form of unburned carbon in the ash, amounting to 12.9 per 
cont. 

Carbureted Water Gas. Carbureted water gas consists largely of a 
mixture of a rich oil gas and blue water gas. The production of the latter 
has already been discussed, and from the principles mentioned it was shown 
that the gases leaving the generator at the end of the blast must of necessity 
carry в very considerable quantity of potential heat as carbon monoxide, in 
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addition to the sensible heat due to the high temperatures at the top of the 
fuel bed. This heat is utilized in part by the maintenance of a satisfactory 
“cracking” temperature in two succeeding shells of approximately the same 
diameter as the generator. The shells are designated the carburetor and 
Superheater in the order in which the blue gas passes through. The first: 
or carburetor is about as high as the generator, but the superheater is much 
higher in order to maintain a satisfactory natural draft thus permitting 
generator charging from above. 

Ordinarily the carburetor and superheater аге filled with checker brick 
in order to provide extensive heat-transfer surfaces thus assisting in the 
cracking of the oil. 

In the normal operating cycle, the generator and checker chambers are 
first brought to the requisite temperatures by air-producer operation with 
combustion of the producer gas by admitting secondary air between the 
generator and carburetor, The machine is then placed on the run, 4. 
during part of the cycle, steam is admitted and blue gas formed, This passes 
‘over to the top of the carburetor and downward, here meeting a fine spray of 
oil which is carried through the checker chambers and cracked to an oil gas 
and some tar. As the fire cools and the steam decomposition falls off, the 
generator is again blasted with air and the carburetor ignited with the second- 
агу air blast until satisfactory temperatures are again attained, when the 
steam run is again begun. 

With automatic opening and closing of the valves, these cycles can be 
arranged to follow one another after intervals of only a few minutes, and this 
is now gonerally done. 

When extremely heavy petroleum oils are used, the quantity of checker 
surface in the carburetor is greatly reduced in order to avoid stopping the 
interstices with heavy carbon deposits. In addition, some oil may be thrown 
directly on the top of the fuel bed during the down-stream run. (Cf. Dashiell, 
Am. Gas Assac., Proc., 1930, p. 886, Also see Gas Production Committee 
Report at 1932 Convention of the Am. Gas Assoc., “Use of Heavy Oil for 
Carburetion’? by Hartzel and Lueders.) 

‘The carbureted water gas apparatus as well as the Pacific coast oil gas 
apparatus has been used for reforming natural gas and oil refinery gas 
(for references cf. Description, р. 2862). Carbureted water gas apparatus 
has also beon converted for use in the manufacture of oil gas by replacing the 
generator fire with a refractory sereen. Oil alone, suitably treated with air 
and steam, is used as the fuel in this process (Johnson, Am. Gas Assoc., Proc., 
1932, p. 892). 

Following the introduction of bituminous coal as a fuel in water gas 
manufacture, important modifications were introduced into the fundamental 
water gas eyele. Опе of these is the back run in which the down-run steam 
is admitted at the top of the superheater, whence it passes backward to) 
the lower part of the carburetor, thence to the top of the fuel bed. The blue 
Eas produced is led directly to the wash box by a by-pass or back-run pipe. 
This arrangement does away with the hot valve between the carburetor and 
lower portion of the generator and uses instead a valve in the wash box. The 
process cools the top of the superheater and preheats the down-run steam and 
avoids unduly high temperatures їп the checkers, thereby minimising an 
Qhiection often encountered in soft-coal operation due to the combustion of 
yolatile matter during the blow... Тһе gas leaving the bottom of the generator 
has a relatively low temperature because of heat interchange with the ach 
and clinker cooled by the blast. By passing the checkers and going directly 
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to the wash box, it decreases waste-heat losses from the checkers, Important 
thermal economies are claimed for it- The carbureting oil is added during 
the up-run. The process is discussed in the Annual Reporte of the Water Gas 
Committee of the American Gas Association for 1924 and 1925. А very 
similar process, save that the steam is admitted at the top of the generator, 
is the Chrisman down-run process. This is described in the 1925 Report. 

То bring the fuel bed to temperature in bituminous-coal operation while 
avoiding the overheating of the checkers, the blow-run operation is some- 
times used. In this, during the latter part of the blow, the carburotor air is 
cut off and the stack valve through which the combustion products are wasted 
is closed, thus forcing the air-producer gas from the generator into the 
holder. 

‘Phe reversed air-blast process is related to the blow run and the back 
run. The reverse blast is admitted to the top of the superheater at the por 
tion of the cycle generally used for the blow rum and follows the path of the 
back run. | It is described by Howard [Ат. баа Азаос. Monthly, T, 579-584 
(1925)]. 

American practice in water gas making has recently tended toward auto- 
matic grate operations which greatly reduce the labor charges and stand-by 
losses for cleaning and clinkering. The first of these to be successfully used 
was the A.B.C. grate of the Western Gas Construction Company described. 
by Ramsburg at the First International Coal Conference (Proc., 1926, рр. 
5147). Automatic grates are now offered by the Semet-Solvay Company, 
the United Gas Improvement Company, and the Gas Machinery Company, 
and the operations of some of these have been discussed in Reports of. tho 
Water Gas Committee of the American Gas Association (Ат. Gas Assoc., 
Proc., 1929, p. 1245; 1930, p. 1573; 1931, р, 1172). 

The Cracking of Oil in Gas Making. The cracking of oil to hydro- 
carbons of low molecular weight is of very considerable importance to the gas 
manufacturer who relies upon oil gas or carbureted water gas. The literature 
relating thereto is very extensive as cracking is an old art. The manufacture 
of gas from oil was discussed in England as early as 1792. The considerations 
involved аге many and complex and have been dealt with at some length in 
recent booka among which may be mentioned those of Leslie, of Gruse, and of 
Hurd. Experimental data directly applicable to problems of the carbureted 
water gas maker will be found in a paper by Downing and Pohlman (Am. Gas 
Inst, Proc., 1916, p. 587), résumé of some of the important reviews and 
findings was given by Huff (Ат. Gas J., October, 1929, p. 47). 

"Temperature and time of contact are important variables in the cracking 
and are, in certain measure, interdependent, Actually, the operator of the 
water gas machine is usually obliged by load considerations to maintain 
adequate capacity, and consequently the most important) variable at, his 
command is the temperature of the cracking chambers, In U.S. Bur. Mines, 
Bull. 203, аге summarized various prior investigations on temperature as 
follows: 
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1. The candles per gallon reach a maximum between 1300? and 1320°Е, 

2. The percentage of illuminants reaches a maximum between 1300 and 1400°F, 

3. The percentages by volume of methane and hydrogen increase with increasing 
temperature, 

4. The volume of gas increases with the temperature. 

5. The percentage of carbon formed from the cracking of the oil increases with the 
temperatur 
6. The percentage of tar formed decreases with increasing temperature, 
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7. The B.t.u. per gal. oil increases with the temperatures and quite often the maxi- 
um is not reached under 1500°Е. 

The above conclusions apply, in general, to temperatures up to-1600°F., which is 
about the upper limit of the experiments made, so far as data are available. 

The control of the process of cracking involves not only thermodynamics 
but also chemical kinetics, and equilibrium is not reached in practice, Never- 
theless, a graphical summary of thermodynamic relationships in cracking, 
as developed by Francis (Ind. Eng. Chem., 20, 281 (1928)] is of considerable 
interesti ‘This author has studied the data for the free energies of the forma- 
tion of methane, ethane, octane, ethylene, acetylene, benzene, toluene, 
naphthalene, and cyclohexane, and has plotted the equations with the 
ordinates reduced 
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higher. olefines" yy, 99—Stability relations of various hydrocarbons, [From 
have any thermo- Francis, Ind. Eng. Chem., 20, 281 (1028).] 
dynamic stability, 
and that above 260°C. methane is the only stable hydrocarbon, -Franois 
Points out that this seems to be inconsistent with the ordinary cracking reac- 
tions in which large quantities of olefines and some aromatics are produced 
from the paraffin hydrocarbons, Actually, however, this contradiction is not 
present because thermodynamics does not show the mechanism by which the 
reaction proceeds, and the formation of intermediate products is more a matter 
of kinetics than thermodynamics, Thus, while at equilibrium conditions, 
all of these compounds whose free energies of formation are positive give car- 
bon and hydrogen; under the commercial conditions of cracking, true equi- 
librium is not obtained and intermediate products are instead obtained. The 
uantity and composition of these are determined by relative-reaction velot- 
ies, Francis points out that по-рагайїп hydrocarbons should be capable of 
direct condensation to a higher hydrocarbon; but if lower ones are formed 
simultaneously with the higher ones, there is no change in free energy of gase- 
‘ous reactions. 

‘The chart may be used for a number of interesting observations: thus it 
will be seen that if it is proposed to make benzene from methane the tempera- 
ture of 850°C. must be exceeded if a substantial yield is desired. 
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‘The theory and art of oil cracking has advanced markedly in recent years. 
In the theory the more notable advances have occurred in developmenta 
involving the conception of free radicals and chain reaction kinetics. As yet, 
however, such theories have not reached a stage where they contribute 
directly to oil gas or carbureted water gas practice. 

The chemical composition of the oil used for carbureting has, of course, 
some considerable importance but commercial oils are in general во complex 
chemically that the evaluation from its chemical composition is not con- 
venient or cert In general, a saturated paraffin may be said to rank 
highest in carbureting efficiency, with olefines somewhat less efficient. Naph- 
thenes are better than aromatics, and asphalties have been given the lowest 
value. Others place the asphaltics above the aromatics and place unsaturates 
at the bottom of the list. In general, the value of a hydrocarbon fraction 
increases with its boiling point. Holmes [Ind. Eng. Chem., 24, 325 (1932)] 
has proposed a method of evaluating the carbureting power of a gas oil, 
based on the specific gravity, average boiling point, etc. Chief reliance in oil 
testing for carbureted water gas use is ordinarily placed upon small-scale 
cracking tests such as was described by Dick before the 1933 Production and 
Chemical Conference of the American Gas Assoc., [Ат. Gas J., 138 (No. 6), 
32-84] or in the “Gas Chemists’ Handbook" (1929 ed., p. 66). Analytical 
methods and interpretation have been considered, conspicuously by Mighill 
(Ат. Gas Assoc., Proc., 1927, рр. 1093, 1454). 

A low content of sulfur is desirable because this simplifies the purification 
problem, 

Modern carbureted water gas practice has grown so involved (embracing 
anthracite, coke, and bituminous coal fuels, gas oil, and heavy oil operations, 
reforming, with back run or Chrisman down run or reversed air blast, and 
with blow run) that material and heat-balance considerations have become 
exceedingly complex, and a truly typical carbureted water gus operation can 
scarcely be said to exist. Valuable data on various combinations of tho 
elements which may enter into carbureted water gas operation may be found 
in reports of committees of the American Gas Assoc. and in the annual pro- 
ceedings of that association. An informative and complete analysis of а 
carbureted water gas operation in Grent Britain is presented in the 7th 
Report of the Research Sub-committee of the Institute of Gas Engineors 
of Great Britain [Gas J., 158, 800-827 (1922)]. 

Where gas oil is employed for earbureting, oil is not thrown on the fire, and 
reforming is not practiced, it is possible to follow the oil efficiencies obtained 
by а procedure known as the Providence modification of the Pacific coast 
method. 

This is described by the Subcommittee on Uniform Oil Efficiency of the 
Water Gas Committee of the American Gas Assoc. in the 1926 and 1927 
Proceedings of that association. 

Ой Gas. Pacific Coast Methods, On the Pacific coast, except in the 
state of Washington, manufactured gas for city distribution has generally 
been made from California residuum oils. The processes used are somewhat 
akin to the water gas process. There is a heating period in which ой is 
burned to bring the generator to temperature, and the products of combustion 
are wasted. This is followed by a making period in which heated steam, 
carbon, and oil interact to yield stable gas together with some tar and lamp- 
black. "The make is followed by the blow in which carbon deposits are burned 
off by air. The length of the cycle varies but is ordinarily much longer than 
the water gas eyele. 
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One of the major units is the large two-shell Jones oil-gas generator. 
Heat and material balances on such a generator have been reported by Pike 
and West [Ind. Eng. Chem., 21, 104 (1929)]. Because of the widespread 
distribution of natural gas, oil gas has become of relatively less importance 
оп the West coast, and the introduction of a development of the Jonea 
process, in which the lampblack was gasified, was halted in consequence 
(Am. Gas Assoc., Proc., 1930, p. 1349). ы 

In the Pike and West tests the regular two-shell Jones oil gas generator 
gave about 53 per cent of the input heat in the form of purified gas, In 
addition, lampblack accounted for about 18,5 per cent and tar about 3.3 
per éent of the thermal input. 

The oil gas made had the following analysis: 

Per Cent 
by Volume 


100% (B.t.u. per eu. ft. 579.) 


Single-shell Ой Gas Methods. For smaller loads recourse is had to the 
single-shell oil gas machines, which may be further classified, according to 
methods of operation, in the heat up and make down or straight shot 
and the heat and make down types. One drawback possessed by these 
machines is the relatively large amount of lampblack produced. 

References on Pacific Coast Oil-gas Methods. Further information 
on the above methods will be found in the treatise on the Production of Oil 
Gas by the Educational Committee of the Pacific Service Employees’ Associa- 
tion under the direction of Cowles, Henderson, and Yard (1922); Yard in 
the Am. Gas Assoc. Monthly, 7, 741-743 (1925), and in the section on Oil 
Gas Machines in the 1925 Report of the Water Gas Committee, the American 
Gas Association (Ат. Gaa Assoc., Proc., 1925, р. 1278). 

The Dayton Process, While the foregoing oil gas methods have been 
very successful on the Pacific const, owing no doubt in large measure to the 
ready availability of suitable oil supplies, they have not been widely used 
elsewhere. For small plants in other parts of the country the Dayton process 
has been proposed. This utilizes small cast-iron retorts which aro first 
brought to temperature by combustion of oil in the refractory setting about 
the "The supply of combustion oil is then greatly decreased, and a 
mixture of oil and air is admitted to the retort through an atomizer. Partial 
combustion and cracking follow. Continuous production of gas having any 
desired heating value between 300 and 560 B.t.u. per on. ft. is said to be possi- 
ble without the use of much combustion oil in the setting. For gases nbove 
560 B.t.u., в considerable amount of heating oil is required as the air supplied 
for these higher B.t.u, values is insufficient to maintain the retort at the requi- 
site temperature. 

‘The oil consumption is said to be about 4 gal. per 1000 cu. ft. of 450 B.t.u. 
каз. In addition about 0.3 gal. tar is recovered. The heat economy is high, 
82.7 per cent of the input appearing in the potential heat of the gas and 7 
per cent in the tar. 
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Following is an analysis of the gas made (450 B.t.u.): 


Per Cent 
by Volume 


sses во high a gravity that it cannot conveniently be used 
ystems distributing mixed coal and water 


The original Dayton process has been improved to increase the capacity and 
eliminate the provisions for external heating, but with means for heat 


Table 34. Comparison of Principal’ Operating Results, Coal-gas 
Tests* 
Utica | Rochester 
1 3 Lowell 
| Koppers | 0.01. 
| рая ovens | verticals. | Horizontals 
| through 
| retorta 
Son: | 
Proximate analysis (dry basis): | 
Volatile 352 35.8 | "351 из 
Fixed varboa..... 577 76 58.4 58.4 
Ash.. 74 66 65 73 
Sulfur. | 99 10 0.9 09 
Moisture às charged (wet basi). T 25 1:67 22 
Coal gas: | | 
On. ft, at 30 in., 60° satur., per tan dry coal nas. [nag | uno. | 14300 
Cn. ft. at 30 in., 60° satur., per Ib. dry coal | 3.66 5.67 6.06) 715 
Heating value, | 5B |50 542 530 
Вл. in gas, per lb. dry conl |325 | 3065 | 3280. | 3790 
Avirage analysis, gg: 
CO: d jao vasa а 2.40 30 
ОА } 40 31 305. 28 
0, 08 05 015 02 
Н: %5 497 47.95) — 545 
со 63 | 69 75| 109 
Го: азөдо 235 | 32h Joo. 209. | 2745 | M2 
№ 81| 82 из] 44 
Dry coke produced as % dry coal carbonized. 72] 77 (6| 700 
Gal, dry tar per ton dry coal 24 4 11:6 14.6 
Ammonia per ton dry coal, Ib. 64 $9 50 | 34 
Producer fuel, Ib, per ton coal 202 318 28 25 
Producer fuel, % coat carbonized. 14.6 15.9 Ws] "mz 
Waste-heat steam from and at 212°F. per ib. producer | 
fuel, Ib үй ГӨ ҮТ 1.96 114) 574 
Steaming based on dry coal, % | 0 120 


* Ат. Gas Astoc., Proc., 1928, p. 1118. 
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exchange. Such generators may have capacities of 1,000,000 cu. ft. of gas 
а day. Heating values greater than 500 B.t.u. cannot be made from oil, 
and the usual output may have values from 300 to 500 B.t.u. Such gas can 
be mixed with natural gas to replace a high specific gravity, high B.t.u. 
manufactured gas and may be used to some advantage to meet peak demands 
on natural gas systems. 

A modification of the Dayton process, known ав the Faber process uses as 
тазе material natural gas, refinery gas, or liquefied hydrocarbon gases obtained 
from natural gas. This is essentially а gas re-forming process, 

Further information will be found in an article by Binnall [Ind. Eng. Chem., 
13, 242 (1921) and in Ат. Gas Азвос., Proc., 1930, pp. 1361, 1482]. 

Coal Gas. Coal gas is produced by the pyrogenetie decomposition of 
Suitable couls in externally heated refractory retorts, As the potential heat 
of the gas made usually represents only about 20 per cent of the total heat 
input, the economic success of this means of gas production is largely deter- 
mined by the form value of the other produets, particularly the coke, which 
usually represents some 50 or 60 per cent of the heat input. Considerable 
attention is therefore given to the selection of proper coals in order to secure 
cokes of salable quality. While in certain localities very important domestic 
markets have been developed, the great markets lie in the metallurgical 
industries. Consequently, recent coal-gas production has tended to follow 
by-product metallurgical practice. 

In general, three types of carbonizing processes may be said to be in opera- 
tion in the American gas industry: (1) horizontal and (2) vertical retorts; and 
(8) соке ovens. Comparative heat and material balances have been made 
upon certain units representing such processes by a committee of the American 
Gas Assoc. (Proc., 1928, р. 1115). The operating results shown in Table 34 
have been taken from this report. 


Combustion Data 

Ignition Temperatures. The term “ignition temperature 
used ан а characteristic property of a substance. Any such implication is, 
however, in error. A system ignites when the rate of gain of heat due to 
the oxidation renction is greater than the rate of loss of heat. It follows 
therefore (hat ignition temperatures are dependent upon the properties of 
the particular system in question and are not characteristic of the igniting 
substance alone. The term as ordinarily applied is used to signify the tem- 
berature at which rapid combustion occurs in ordinary air. 

In ignition temperature measurements two methods are used to avoid 
error due to slow combustion prior to ignition: (1) by exploding the gaseous 
mixture by adiabatic compression and (2) by preheating independently each 
Stream of gas and air before mixing, 

Limite of inflammability are dependent in part upon the conditions of 
determination, When а weak source of ignition is used, certain mixtures 
near the limits may not inflame. The limit is lower for upward propagation 
of flame, and the limits are wider as the tube diameter is increased, although 
usually not markedly wider above diameters of 5 cm. except in certain cases, 
such as acetylene whose upper limit is much increased by enlarging the tube 
diameter above 5 em. In closed tubes the length of the tube may also affect 
the results. 

Normal variations of atmospheric pressure do not appreciably affect the 
limits of infammability. The effect of larger variations in pressure is neither 
simple nor uniform but is specific for each inflammable mixture, Reduction 
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Table 35. Ignition Temperatures (at Atmospheric Pressure) of 
Gases, Liquids, and Solids* 


Ignition temperature | Ignition temperature 
in air oxygen 
Substance = — 
©. | E 
Hydrogen (Ну 1076-1094 | 580-590 580-500 
n monoxid 1191-1216 | 644-658 637-658 
‘Methane (СНА) 650-750 | 1033-1292 | 556-700 
thane (СУНУ. 520-630 |. 968-1106 | 520-630. 
Propane (СЕНО) 314-1058 | 490-570 
Ethylene (Hà): 10081018 932-966 | 500-519 
Acetylene (Calls). 763-824 781-824 | 416-440 
Hexanet (ОЗНА) | % 5M | 268 
Decane (Сана) | в 36 | 202 
Benzol (Сенд. 7 | 1364 na | 662 
"Toluol (Оен). 1490 | 1026 | 52 
Phenol (CxHsOH) 1319 1065, 574 
Aniline (Сон МН) 1418 986 530 
Methyl alcohol (ОНОН), 1051 555 
Ethyl alcohol (ОНОН). 0% 77 | 425 
гору alcohol (CsH;OH) 941 $5 | 45 
Isopropyl alcohol (CHOH) 1004 34 | 52 
Butyl alcohol (СОН). $42 15 | 3% 
Ашу! alcohol (СОН). 768 13% 390 
Ethyl ether (0:20). 649 352 178 
Glyoorine (САА О) 932 777 44 
Acetone ((©83):00). 1292 1054 568 
Sugar (СЫН 725 712 378 
Суйе ої А 783 e | 320 
Pennsylvania crudo... 601 48 | m 
Gas oil., 2 | g йв | zo 
Kerosene. 563 58 | 270 
Acctaldehy de (CHsCHO). - 365 284 140 
Beusaldehyde (CeEsCHO).. 356 334 168 


* From Haslam and Russell “Fuels and Their Combustior 


" McGraw-Hill, New York, 1926. 


+ Ignition temperatures for hexane and for other substances in the remainder of this table are for dry sir 


nnd dry oxygen. 
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Table 36. Approximate Limits of Inflammability of Single Gases 
and Vapors in Air at Ordinary Temperature! and Pressures: 


| 

0 percent- 

| age below which 
по mixture is 
inflammable 


T 
| Limits in nir, % | Limits in oxygen, % 


Gas or vapor | | 
pon 

onde 
эя dil- 
dent of 


Nitro- 
цепь | 
of air 


Lower Higher Lower Higher 


‘Hydrogen... 41 
ЕЕ. 
Carbon disulfide. Ц 
Carbon monoxide, 12 
Methsne........- 5 
Bthane. ,......- E 
| 
| 
| 


Propane... 
Butane... 
Tsobutane.. | 
Реал... | 
Tropentan | 
Hexane i 
ерле... 

On s 


= 


Propylene: | 
Butyla 

Amylo 
Acetylene: 
Benzen х 
Toluene | 
Ciylopropane. 
Cyelohexane 
Methyl eyclohisane 
Methyl alcohol 
Ethyl alcohol 
Propyl alcohol 
1во-ргору! alcohol 
Butyl alcohol 
Iro-butyl alcohol 
Ашу! aleobol 
Тира! aleotict 
Allyl alcohol | 
Methyl ethyl other. 

Ethyl ether. is 
Vinyl ether. 

Ethylene oxida | $e] 
Propylene oxide. ]; 24 
Diora. pened 
Diethyl peroxide... -< | 
Acetaldehyd WI 
Croton aldehyde | 
Ронан, ....- zi 
Paraldebyde: |... 
Hydrocyanio cid, | 


| 10.3 | 18,6 
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Table 36, Approximate Limits of Inflammability of Single Gases 
and Vapors in Air at Ordinary Temperature! and Pressures* 
(Concluded) 


Oxygen percent- 


| 
| | tints oes О 
| | А 
си еш 
| los 
| Miro: | dioxide 
| tower | Habe | Lowe Hiper | 535 | ша 
| | Гы | uent of 
| | saat 
Acetone. 13 18.5 18.8. 
5 (i 
| um 
E: | 
E 
13.5 | 16,31 
Methyl acetate. 15.51 
Ethyl acetate... | 8.5 | 11.51 
Propyl acetata. 8.01 | 
Isopropyl acetate. 78 
Butyl acetate. 
Ethyl nitrite. 
Methyl chloride 17.4) 19 | 80 | 68.0 
Methyl bromide, 14.5 ] 
Ethyl chloride. | ИР | 
Ethyl bromide. па | | 
Ethylene dichloride, 9r | 
Dichloroethylene. 8 
Propylene dichloride 18) | 
Ашу! chloride. | 
Vinyl chloride 0 | | 
Diethyl selenide к | 
Tin tetramethyl... | 1.9 | 
Lend tetramethyl 18| | | 
Була |o) у ws] | 


1 Exoept as noted. 
з Coward and Jones, Limits of Inia 
р. 135, 

Values in italics were obtained in closed apparatus, Val 
"At 60°C. 

At 100°C, 

1At 12576, 

1.300. 


I Gases and Vapors, U. S, Bur, Mines, Вий. 279, 1938. 


in parentheses are for turbulent mixtures 


of pressure below 760 mm. narrows the range of flammability by raising 
the lower limit and decreasing the higher limit. At a suitably low limit the 
limits coincide; below this point there is no propagation of flame. Increase 
of pressure above atmospheric does not always widen the limits, In some 
mixtures this increase narrows the limits and a mixture which can propagate 
flame at atmospheric pressure may not be able to do so at higher pressures. 
The flammability of hydrogen-sir and carbon monoxide-air mixtures 
(downward propagation of flame) is narrowed at both limits by a moderate 
increase in pressure above atmospheric. Under analogous conditions the 
range of each gas in the paraffin series is narrowed on the lower limit side and 
widened at the upper limit side. 
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Table37. Approximate Limits of Inflammability of Some Industrial 
Mixtures of Gases and Vapors in Air at Ordinary Temperatures 
and Pressures, Per Cent 


| Lower | Higher 
Gas or vapor Timit, by | limit, by. 
| mise | зше | 


1 | | 
Lower | Higher 
| Gas or vapor lis v limit iy 
уша у 


x 
А | Natural gas. | 


арры м | рз 
е, | 14 [285° | Hinminating gas. 53 | 31 
Water gui. ....... ZU] 69 | 5570 | Blust-furnnce gas. 3°) 74 
"The above was taken from U. S. Bur. Mines, Bull. 279, 1988 ed., p. 126. The lower 


limit for blast-furnace gas was obtained in a small or closed vessel. The limit figures 
apply only to particular samples; analytical dats will be found in the bulletin cited. 
By the use of Le Chatelier’s law the limite of similar mixtures can be calculated, 


Limits of Inflammability of Various Fuel Gases (from U. S. Bur. 


Mines, Bull, 279, 1938 ed., p. 118). 

or inflammability of various fuel gases in air were 
determined in a tube 4 em. in diameter and 79.6 em. th, one end being permanently 
closed and the other sealed with а diaphragm of thick, varnished paper. Ignition was 
obtained by a coil of iron wire that was caused to glow by a 10- to 15-amp, current. 
"The results wero: 


Table 38, Limits of Inflammability of Various Fuel Gases 


The limits of “ explosibilit: 


Coal Сом | Town | Water 


а =e gas (2) | gas (2) | gas (2) | gas (2) | 


Carbon dioxide, 

Unasturated hydrocarbons. 

Oxygen 

Carbon monoxide. 

Hydrogen. 

Methane... 
Nitrogen. 


Lower limit, 9% 
Higher limit, %.... | 


چک 


£z 


Ба ЈУ баке 
Bo Hoon 
Da э=зе»ее 


#5 


Limits of Inflammability of Mixtures of Inflammable Ga: 
Vapors (from U. S. Bur. Mines, Bull. 279, 1938 ed., pp. 773, 

A simple formula, of additive character, was advanced by Le Chatelier to connect 
the lower limits of single gases with the lower limit of any mixture of them, It is 


in which N: andi Ns are the lower limits in air for each combustible gas separately and 
ти and та are the percentages of each gas in any lower-limit mixture of the two in air. 

‘The formula expresses the fact that, for example, a mixture of air, carbon monoxide, 
and hydrogen, which contains one-quarter of the amount of carbon monoxide and three- 
quarters of the amount of hydrogen necessary to form a lower-limit mixture, will be 
a lower-limit mixture. If the formula expresses experimental facts, the lower limits 
of inflammubility form a series of inflammability equivalents for the individual gases 
of à mixture, 
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limit mixtures if mixed in any 
or, vice versn, tho 


‘The formula also leads to the deduction that low. 
proportions give rise to mixtures that are also at their lower limit 
formula may be deduced from the latter statements as а postulate. 

The formula may be generalized to apply.to any number of combustible gases, thus: 


and, so far as it expresses experimental results truly, may be applied to high-limit 
mixtures, with the appropriate rewording of the definition of m . . and Ni... 

А small algebraic transformation gives a more useful formula for calculating the 
limits of any mixture of combustible gases which obeys it, as follows: 


100 


L- 


in which pi s, pa are the proportions of each combustible gas present in the original 
mixture, free from air and inert gases, so that 


++ = 100 


An example of the use of the formula will make its application cl 
the lower limit of a “natural каз" of the composition 


Methane... 80 per cent (lower limit, 5.3 per cent) 
Ethane... 15 per cent (lower limit, 3,22 per cent) 
Propane 4 per cent (lower limit, 2.37 per oent) 
Butane, 1 per cent (lower limit, 1.86 per cent) 


gives 


= 4.55 


per cent. 


ENS 
* .22 + 2.37 + T6 


"The accuracy of the formula bas been tested carefully for many mixtures. The 
resulta nre discussed separately in the appropriate sections later. In general, it may һө 
said that, while the formula is often correct or very nearly во, there are some marked 
exception. It seems that the limits (lower and higher) of mixtures of hydrogen, carbon 
monoxide, and methane taken two at a time or all together and of water gas and conl 
ims may be calculated with approximate accuracy. The same is true for mixtures 
of the simpler paraffin hydrocarbons, including “natural gas." Sometimes, however, 
the differences between the calculated and obseryed values are very large; .. Мапу 
of the greater discrepancies are found with upward-propagating flames, especi: 
one of the constituents is а vapor, such as ether or acetone, capable of gi 
phenomenon known as a ‘cool flame." Le Chatelier's law is useful when its appl 
bility has been proved, but it must not be applied indiscriminately. 

An extension of the law to apply to other atmospheres than air . . . is that when 
limit mixtures are mixed the result is a limit mixture, provided that all const 
mixtures are of the same type; that is, all are lower-limit mixtures or higher-limit 
mixtures, This law holds, Гог example, for methane in а trogen п 
tures and in air-carbon dioxide, air-argon, and air-helium mixtures, except near the 
point at which lower and higher limits meet, where the proportion of inert gas is large. 
Kt holds also for mixtures of hydrogen, methane, and carbon monoxide, in a wide range 
of mixtures of nir, nitrogen, and carbon dioxide, and may therefore be used to calculate 
the limits of in flammability of mine-fire gas and of the atmospheres after a mine explo- 
Sion, of blast-furnace gas, of automobile-cxhaust gas, and of the gases from solid 
explosives, 

A brief account of the method of caleulating limits of complex indust: 
as those just mentioned, follows; greater detail will be found in the original 
TU. S. Bur. Mines, Tech. paper 450). 


1 gases, such 
ount 
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"The chief gases in these mixtures are hydrogen, carbon monoxide, methane, nitrogen, 
carbon dioxide, and oxygen. ‘The procedure is as follows: 

1. The composition of the mixture is first recalculated on an air-iree basis; the amount 
of each gas is expressed as a percentage of the total air-free mixtm 

2. A somewhat arbitrary dissection of the air-free mixture is made into simpler mix- 
tures, each of which contains only one inflammable gas and part or all of the nitrogen. 
ог carbon dioxide, 

3, The limits of each mixture thus. 
Fig: 92.) 


ected are read from tables or curves, (See 
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Ела, 22,—Limits of inflammability of hydrogen, carbon monoxide, and methane 
containing various amounts of carbon dioxide and nitrogen. (From Coward and Jones, 
Limits of Inflammabitity of Gases and Vapors, U. S. Bur. Mines Bull. 279, р, 9, 1938 rev.) 


Ratio =F 


4. The limita of the sir-free mixture are caloulated from the figures for the dissected 
mixtures obtained in (8), by means of the equation: 


№ 
where pu ps pa... are the proportions of the dissected mixtures, in percentages, 
aud Ny, Ма, and Ns... are their respective limits. 

. From the limits of the air-free complex mixture thus obtained the limits of the 
original complex mixture nre deduced. 


The following is an example of the calculation applied to a mine-fire atmosphere, It 
contained; 
] | | 
Constituent Per cent | Alt froe, Constituent 


per cent 
Salil id 
Carbon dioxide | 13.8 | 159 | Methane. 
Oxygen 28 | 0 | Hydrogen 
Carbon monoride 2] 43 | 5.0 | Nitrogen 
| | 


п above, is found thus: The amount 
of air in the mixture is 2.8 X 100, cent. ‘The nir-free mixture is there- 
fore 86.6 per cent of the whole. еп the original amounts of carbon dioxide, carbon 
monotide, methane, and hydrogen are divided by 86,6 and multiplied by 100, the "air- 


1, The composition on an air- 
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free" percentages are obtained. ‘The nitrogen figure is the difference between 100 and 
the sum of these percentages. 

2. The inflammable gases are paired off with the inert gases separately to give a series 
of dissected mixtures, as shown in the following table: 


| | | Rati all Tiits from 


Fig. 22 
| E | Че Lower | Higher 
50 
34 
157127 | 1519 | 
15.9 | >| 


Some discrimination is needed to choose appropriate quantities, but, а fair latitude of 
choice usually is available. 

3, The limits of the dissected mixtures from Fig. 22 are shown în the last two columns 
above, For example, the first mixture contains 5.0 per cent, of carbon monoxide 
und 17,5 per cent of nitrogen; the ratio between its nitrogen and carbon monoxide 
is 17.5/5.0 = ind the from the curve for carbon monoxide-nitrogen mixtures 
are 61 per cent (lower) and 73 per cent. (higher). 

4. The values in the last two columns and in the column 
stituted in the equation, give the two limits of the air-free complex znixtu 
to 0,5 per cent: 


‘Total, per cent,” sub- 
calculated 


Lower limit = j = 43 рег cont 


100 
Lo 61 per cent 


Higher limit = 2 ЗЕЙ 


‘Tho range of inflammability of the air-free complex mixture is therefore 48 to 61 per cent. 

5. As the air-free mixture is 86.6 per cent of the whole, the limits, in air, of the mine- 
fire atmosphere are 43 X 100 + 86.6 and 61 Х 100 + 86.6, or 50 and 70 per cent, 
respectivel; 

"The novice's difficulty with such caleulations is in étage 2, where an appropriate 
amount of inert gas has to be chosen to pair with each combustible gas in turn. ‘The 
ratio of inert to inflammable gas must not be so high that the mixture falls outside the 
extreme right of the corresponding curve in Fig. 22. А little practice will soon enable 
this difficulty to be overcome. 

Tt need only be added that if the amount of inert gas is во great that a complete series 
of inflammable mixtures cannot be dissected the air-free mixture is not inflammable, 
Moreover, the air-free mixture may be inflammable, but when its limits are multiplied 
by the appropriate factor in the final stage of the calculation the result may be greater 
than 100 for each limit; the original mixture is then not capable of forming an explosive 
mixture with air because it contains too much air already, Finally, if the lower limit 
of the original mixture is less than 100 and the higher limit greater than 100, the mixture 
is inflammable per se and would explode if a source of ignition were present, 

About 20 examples, which cover a wide range of industrial gases, have been tested by 
experiment. The calculated and observed limits agree within 2 or 3 per cent, excepting 
опе higher-limit figure for a mixture that contained an unusually large amount (nearly 
24 рег cent) of carbon dioxide. 


Speed of the Propagation of Flame. Flame speeds are of importance 
in certain problems of gaseous combustion. Thus in questions of inter- 
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changeability it is usually difficult to substitute а major quantity of a slow- 
burning gas for а fast-burning gas. The same holds for problems in burner 
design where flash back and blowoffs must be considered. In heat transfer, 
questions of combustion intensity or flame output are related to flame 


speeds. Mixture compositions below or above which flame speeds are zero 
determine the lower or upper limits 
of inflammability. 9 - 

Payman has proposed the use of |] 
the Le Chatelier mixture calculation _ 8 | 
for the estimation of certain flame E. AN E 
speeds in certain complex mixtures. 9 | d 
Whenever the law holds true, the 3 
percentage amount of a mixed gas of 1. 
known composition which gives a G6 
certain speed of flame can be calcu- t 
lated from the observed amounts of 85 
constituent gases which, separately, ^^ 
give the same flame speeds. The >4 i 
formula is the same as that used for 15. 
calculating, the dilution limits. © 
There are many marked exceptions 9 5 
and the ap plication cannot be Ур E 
deemed general enough to consti- E 2 И 
tute а law, Natural gas mixtures, S ™ 
however, give results in fairly close“ | 
agreement with those calculated — 
(0,8. Bur. Mines, Tech. Paper 427). -Coke -oven gas 

Checking Flame Propagation, °) о 20 30 40 50 60 70 


Flame propagation is impossible in 
а coal gas + air mixture when the 
tubes are smaller than 0108 in. or 2 
mm. ininside diameter. Methane 
++ air mixtures will not propagate 
flame through tubes whose internal 
diameter is smaller than 0.142 in. or 
3.6 mm, Hydrogen, however, 
has been found to flame through 


Per Cent Gasin Primary Air- Gas Mixture 


Fro. 23,—Flame velocities of various gas- 
air mixtures; Data on individual gases from 
Bur. Standards J. Research, 17, 7-48 (1986), 


Data on natural gas, c and 
carbureted water gas fri tion," 
Am. Gas Assoc, 1932. (Аз compiled by 
M. А. Elliott and. A. В. T. Denues of the 
Bureau of Mines for Marks, " Mechanical 
Engineers’ Handbook,” McGraw-Hill Book 


tubes whose internal diameter was, 
0.085 in. or 0.9 mm. 

Specific Flame Output or Intensity of Combustion. A conception 
known as specific flame output, or intensity of combustion, is sometimes 
used in comparing gaseous fuels. This is expressed by the relation J = 
(и X H)/K, where J = specific flame output, B.t.u. per square foot of port 
area per second; и = flame velocity in feet per second; И = heat developed 
per cubic foot of air-gas mixture as will be further explained; and К = ratio 
of the port area to the area of the inner cone. ‘The result may be expressed 
as primary flame output when based on the heat developed in the primary 
combustion or as total flame output when based upon the total heat developed 
in both primary and secondary combustion. 

The calculation of primary flame output involves the relationship 


)2 — 1 ے 
a—z‏ 


Company, Ine.) 


H 
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the net B.t.u. value of the gas. 

the decimal fraction of combustible gas in the primary mixture. 

ле = decimal fraction of combustible gas in the stoichiometric mixture 
for complete combustion. 

Assume that the primary air-gas mixture contains 15 per cent methane 
whose net B.t.u. at 60°F. and 30 in. of Hg = 914 and that the stoichiometric 
mixture contains 9.5 per cent methane. From Fig, 23 the flame speed of 
а 15 per cent mixture is 0.27 ft. per вес. Therefore 


Assume a value of 0.5 for 


0.27 X 814 


J= = 43.0 B.t.u. per sq. ft. of port area per second 


0.5 


The evaluation of the total flame output is made similarly except that 


= Ах. The totul flame output брзе 2 
would be сом | 11 
027 X 914 X 0.15 _ 0.055 E7 

+R al ed a 0032 © 
0.051 AG 


741 Віл: per eq. ft. of port area 

per second , 0.020 

А ination Gf-thé above веб $9923 T 
а the $000 


lationship will show that materials © 
such as hydrogen which have high 5 0027 
flame speeds can be burned to give & 
high flame outputs and that the max- 
imum intensity for apy gas lies be- § 
tween the theoretical mixtures and 
the mixture having the maximum 
flame velocity [Сал и. Wasserfach, 14, 
1012 (1931); 79, 17 (1936). 2. Ver. 
deut, Ing. 80, 1275 (1986). 

Flame Temperatures. In many 
industrial processes using combustion iE m 
systems, the flame temperature ја 0j во ИЮ 5000 4000 4800 
of considerable importance. Thus, it “Temperature Deg, 
may largely determine the tempera- | Tig. 24.—Mean specific heats from 60°F. 
ture gradient and-hence the character to ТУР. (B.t.u. per cubic foot per degree 
and efficiency of the heat transfer. Fahrenheit). The wubio foot is measured 
It is, however, exceedingly difficultto 2t 60°Е, and 29.92 in. Ни. 
determine the temperature of the flame with accuracy, and it is therefore 
customary to compare fuels on the basis of their theoretical flame tempera- 
tures, ‘This is found by suitable substitution in the following: 


heat of sensible heat , sensible heat 
combustion in fuel " inair 


(е total quantity of their menn. 

combustion products specific heat 
The calculation of theoretical flame temperatures is most simply made on 

a trial-and-error basis, i.c. a probable temperature is assumed and correspond- 


Theoretical flame temperature = 
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ing mean specific heat values are chosen. If the sum of the heats divided by 
the chosen heat capacities gives а temperature higher than that assumed, it 
js necessary fo make а new trial by assuming a new and higher temperature 
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110, 25.—Mean het capacities from 60°F. to given temperature, 
measured at 60°F) and 29.92 in. Hg. 


he cubie foot is 


Yo Dissociation of CO, and HzO at Various Partial Pressures 


AO T 
re W(X) =% elis sociated 


== 
3200 3600 4000 4400 4800 520035004000 4400 4800 5200 
Temperature-*F 


Fio. 26.—Dissociation of carbon dioxide and water at various partial pressures, 


and choosing again a corresponding specific heat value, and so on, until values 
of flame temperature and mean specific heat are found to correspond. It is 
always necessary to use the low or net heating value of the gas as the latent 
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heat of condensation of the water formed is not available to raise the tempera- 
ture of the products of combustion in the flame. 

The flame temperatures thus found are the uncorrected theoretical tem- 
peratures. If these temperatures are low, no further correction is necessary, 
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Dissociation of carbon dioxide and water vapor at various partial pressures. 


9600 280 5000 


Fic. 27. 


but at temperatures approximating 3000°F. or higher the dissociation of 
water vapor and of carbon dioxide sets in with a corresponding lowering of 
the flame temperature. 

For conyenience in the solution of such problems there is presented a curve 
showing the sensible-heat content per cubic foot of the ordinary combustion 
products and curves showing the dissociation of carbon dioxide and water 
at high temperatures. These are from the booklet "Combustion," 1932 
edition, and are reproduced by the courtesy of the American Gas Assoc. 
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A more detailed discussion of the calculation of flame temperatures will 
be found in an article by Jones et al., J. Am. Chem. Soc., 53, 869 (1931), оп 
the flame temperature of hydrocarbon gases. 
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Fig, 28,—Heat content of carbon dioxide, aboye 60°F., corrected for dissociation. The 
cubic foot is ed at 60°F. and 29.92 in. Ни. 


Calculated flame temperatures, even when corrected for dissociation, 
аге usually higher than those measured. ‘This difference may be as much. 
аз 100°R, 


A problem will render the calculation of a corrected flame temperature clear. 


Example, Methane (CHa); calculate the uncorrected fame temperature. One 
cubic foot of methane at 60°F. and 29.92 in. He gives а net heating value of 910 В.И. 
(from "Thomsen's data), and the following combustion products (measured at 60°F, 
and 29,02 in. Hg): СОг, 1.00 cu. ft,; Ha0, 2.00 cu. ft.; Ns, 7.565 си, ft, 
om Fig, 25 giving various mean specific heat values aud ап assumed flame tem- 
perature, 3800*F., the following comparison is made: 


Btu. 


.0345 x (3800 — 60) = 129 
.0287 X (3800 — 1394) = 210 
.0207 X (8800 — 60) 586 


925 
* Water vapor is figured above 139°F. not 60°F. 


by 9 Btu., ко a lower temperature is chosen and the theo- 
temperature is found by interpolating between the values 


‘This value is too. 
retical uncorrected fi 
graphically. 


Table 39. 


| Experimentally determined 
fi 


Cosiited theoretical (maximum) Jäme temperatures of various gases | Неа determine 


|(Sodium-tine reversal method) 
retis Computed | _ 
| pans ons: па fame 


] mputed) temperatures, 
[Pelee AED git allowance % | Flame 


EL radiation. | combus- |. fempera- | Refer- 
| Ж | 

Сыр» ды» (CO) | al 0 912 pure 
innen E | EHE 
Ethane (CHO... | | 58] 348 
Propane (СНЫ. 5) | 25] 3497 
Butane (САНи)....... | а 3443 Ы 
Methyl ether (CHy):0.... | 
Ethylene (Сн), — | 70 3587 Li 
Propylene (CHa). 45 3515 т 
Butylene (ОН). ^» | | 34| 3506 , 
Acetylene (C 470 | 408 ao | QU | < 
‘Blue water gas (310 B,t.u. per ou. ft.). 4167 | || 
Curbureted water gas (578 Ваља, per eu. | | 

fi.) RR 4090 | | 
Natural gas (1047 B.t.u. per eu. ft.). 3740 | | 
Producer gas (136 B.t.u. per cu. ft.). 3050 


Tn table, column аге shown the theoretical (calculated) flame temperatures of various gases, including 
that of carbon monoxide, as given by Haslam (Haslam, “ Fels and Their Combustion," p. 279, New York 
1926), without allowance for radiation. Similar computations, according to Bone and Townend (Bono, 
and Townend, "Flame and Combustion in Gases," p. 199, London, 1927), using allowances for radiation 
according to Helmholts and Callendat’s experimenta and mean specific heats after Holborn and Henning, 
are shown in column 2. 
Values according to Haslam. | 
? Values according to Bone and Townend: 
s Lewis and von Elbe, “Combustion, Flames and Explosions of Gases" Macmillan, New York, 1938, 
я Jones, Lewis, and Seaman, J. Am. Chem. Soc. 53, 3992 (1931). 
«Jones, Lewis, Friauf, and Perrott, Ind. Eng. Chem., 58, 869 (1931). 
Loomis and Perrott, Ind, Eng, Chem., 20, 1004 (1928). 


Methane (CHi), corrected flame temperature: However, the value caloulatod above 
makes no allowance for the heat lost by the dissociation of the carbon dioxide and the 
water, which, аз is shown in Fig. 27, is appreciable at these temperatures, From the 
statement of the flue-gas composition it will be seen that 9.5 per cent of the flue products 
are COs, and 19 per cent are water vapor. From Fig. 27 it will be seen that the 
socintion of CO: at 3600°Е. and 0.095 atm. amounts to 12.85 per cent; and of H:O 
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at 360052; and 0,19 atm. to 3,13 per cent, The net heating value must be lowered by 
the respective amounts of CO and Hs produced. 


1.00 X 0.1285 X 323 = 41.5 
00 X 0.0313 х 


Heat available for flame, . 


The combustion produets, corrected for dissociation, аге: 


Cu. F Cu. Ft- 

„=з 0.87 0.064 

0, з» + 0.1285 0.006 
. 1.9374 ‚ 7.865 


heat in the flue producta is balanced against the heat available. 
"The ealculations ure much simplified by the use of Figs. 28 to 30, which give directly 
the heat lost,by dissociation and the heat contained in the dissociated products. Thus, 
it is merely necessary to subtract from the 
net uncorrected heating value (916) the di- 
reet, readings 41.5 plus 17 and balance the 
result against the appropriate readings for 
the sensible heats lost as shown in the sensi- 
ble-heat curves, which are given in Fi 
28 to 80, 


Formula for calculating the > ag 
number of cubic feet of air re- 
quired to burn 1 cu. ft. of an industrial y 
fuel gas (varying in composition from 2 ro 


blast furnace gas to natural gas) $ 
3ro 1.08. — 52 5 | 
{Cipa mtt ne ја #100) 
100 E 
А 5 T- 
For goal gas, and carbureted water gas 8 go 
and natural gas, a convenient approxi- © 
mation is rt 
(Gross Вал) — 50 3 во 
"TT. "р E 
= | 
Combustion Calculations from 70 
Fuel-gas Analyses. In most com- 
bustion calculations involving fuel 


gases, the thermal content and the 8004 34 & & 7 8 9 0 

carbon and hydrogen contents of the Per Can? Dissocioted 

was are estimated from the analysis. p 

In all such estimations there arise (wo „р 20р ea on ое apor, 
~ в above 60°F. corrected for. dissociation. 

sources of possible error, namely, the ‘The eubic foot is mensured 460°. and 

determination of the chemical composi- 29.92 in. Hg. 

tion of (1) the illuminants and (2).the 

paraffin hydrocarbons. The illuminants are ordinarily estimated by absorp- 

tion in bromine water, or in furning sulfuric acid, and may vary widely in 

composition. In plants running repeated analyses, it is customary to ascer- 

tain the composition of the gas by analysis, and the thermal content by 

a gas calorimeter. Since the simple constituents of the gas have definite 

thermal values, these are subtracted from the calorimeter reading and the 

difference assigned to the illuminants and paraffins. 
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By the use of a slow combustion over copper oxide, carbon monoxide and 
hydrogen may be estimated independently of the paraffin hydrocarbons, 


"EE — ت‎ 


ae т | 


но 


dis — 8 


8 
| 


= 
3 


2 
8 


2 
$ 


m 
5 


Heat Content, Bu. per Cubic Ft 


30 


20 


Temperature, Deg F: 


measured at 60°F, and 29.92 in. Hg. 


position and heating value to the illuminants. 


| 


— 
400 800 1,200 1600 2000 . 2400 2800 3200 3500 4000 
Раб. 30.—Heat content of gases from 60°F. to given temperature, The cubic foot is 


which may then be burned over а platinum spiral and some knowledge 
of the composition of the paraffins obtained. From repeated determi: 
tions of such information it is usually possible to assign an approximate com- 
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In the case of isolated analyses, such a procedure is not available, The 
matter has been considered by Watson and Ceaglske [Ind. Eng. Chem., Anal. 
ed. 4, 70 (1932)) who use a "'triple-combustion" scheme of fuel-gas analysis 
with the Bureau of Mines apparatus. The two combustions above men- 
tioned are extended to include an additional total combustion with oxygen, 
and from the data obtained the complete average composition and heating 
values of both the paraffins and the illuminants may be calculated to an 
accuracy of within 2 per cent, using equations developed by the above-men- 
tioned authors. An exception occurs when the gas contains an appreciable 
percentage of acetylene, for which the equations do not apply. 

If Av is the contraction in volume accompanying the second combustion 
(of the paraffins over the platinum spiral), n is the number of carbon atoms 
the average paraffin formula (C,Han,s), and V is the volume of paraffins 
їп the sample; then 


_ Av — 0.5 CO; 
Е 1.5 


У 
со. 


ке 

For the third combustion, the СО; in the original gas is first removed 
and the entire residue burned over platinum with oxygen. The CO» produced 
by the combustion of the illuminants can readily be calculated from the 
preceding steps in the analysis which has been conducted as usual. If the 
illuminants are СНь the CO: produced by a volume У’ of illuminants 
is V'a, and the value of b can be calculated from Av’, the contraction due 
to the combustion of the illuminants and the volume of CO: produced, thus 


ги y! " 
ћи -v(1«2) 


The following equations are used by Watson and Ceaglske for calculating 
the heating value: 


ted by the 


"The heating values of the lower parafin-hydrocarbon gases are represe 
following equations with errors of less than 0.5 per cen 
Total heating value: 


nol = 156.700. + 
30 in. satur. Н:О = 732n + 262 


Net beating value 


45,500 
) = 683и + 212 


lores per gram-mol = 146,200n 
t. at 60°F., 30 in. satur. Н 


Gra 
Bitan per en. 


‘Tho heating values of the lower unsaturated hydrocarbon gases of average formula 
СаНь are satisfactorily represented by the following formulas: 
Total heating value: 


200b + 28,800 


Gram-calories per gram-mol = 98,200a + 28, 
1326 + 135 


B.t.u. per eu. ft. at 60°F., 30 in. satur, H:O = 450a 


Net heating valui 


On + 22,900b + 28,800 
atur. H:O = 459a + 107b + 185 


Gram-ealories per gram-mol = 98, 
Вили. per cu. ft, at 60°F., 30 i 


The above values are not valid for acetylene, 
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The Flow of Gas through Pipe Lines* 

Where conditions permit the application and the necessary data arè avail- 

able, the flow of gas in pipe lines can be most logically dealt with in accordance 

with Reynolds criterion as diseussed in Sec. 6 of this handbook. The 

application has been limited because quantitative values of the viscosity rela- 
tionships in commercial 


gas mixtures are general- |483 204 ЕМ 
lynotavailable, An- |424 18] Eos 
other difficulty arises | 364 wed ES 
because gas flowing in 19999 "ud wat 
longlinesunderhigh pres- |304 6000 м2 
sure may undergo а |y] 40004 
marked change in 
density. وا‎ 

The problem presented 19903 


by the application of 
Reynolds criterion to flow 
problems such as are 
handled by simple gas 
engineering flow formulas 
has been considered in a 
paper by Huff and Logan 
(Am. Gas Assoc. Proc. 
1935, p. 687). 

"These authors show 
that at ordinary tempera- 
tures a function of the 
specific gravity of а gas 
referred to air can be sub- 
stituted for the absolute 
viscosity of common fuel 


Reference Line 


| Diameter, Std W.I.Pipe 


gases. The density vis 5 
cosity relationship is =“ 0253 x 
13,889129 = z X 10%, where 5 02 3 00002 
з js the specific gravity of Lu 
E d 

the gas referred to ainas (1; a №, 
1 the al i water: 

and z is the absolut d ЖШ p pret 


viscosity of the gas in Inches 
centipoises. With this Еш. 31.—Flow of gus in commercial pipes. 
simplification for low- 

pressure flows, in which the change in density of the gas is not important 
snd in which the flow is turbulent, it is possible to derive a flow formula 
resembling former formulas, but resting upon the firm foundation of Reynolds 
criterion and consequently applicable to a wide variety of conditions, This 
formula is 


2810-543 
= 128 харала O ft. per br. 


Where № 


d 


the pressure drop, in. of water. 
the diameter of the pipe, in. 


6. 
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В = specific gravity of the gas at the temperature and pressure in 
question relative to air at room temperature and 30 in. of mercury. 
L' — the length of the pipe, yd. 
If it is desired to express this formula in feet of pipe L, the relationship. 
becomes: 


3331A933q 1 
Q- 


ELAS 


cu. ft. per hr. 


А nomograph for the convenient graphical solutions of the above is given 
in Fig. 31. 

Many other low-pressure formulas have been suggested. One such а 
formula is that developed by Spitzglass [Armour Engineer, March and May, 
1917; also cf. Am. Gas J., 96, 274 (1917)]. This formula is 


@ = 1910 |— —— — 
ED J 


where Q = discharge of gas, cu. ft. per hr 

D = diameter of the pipe, in. 

H = frictional drop of pressure, of water. 

W = specific gravity of gas (air = 1). 

L = length of pipe, yd. 

Figure 32 (from U, S. Bur. Mines, Tech. Paper 310, р. 23; see also Am 

Саа Light J., April 22, 1912) shows a diagram computed by Spitzglass to 
cover this formula. 


Problem. То illustrate the use of this diagram, assume that the gas volume 
ft. per Вг, the source of the gas is 100 yd. from the exhauste; 
gravity of 1,1, and it js desired to keep, with the exhauster 
20 in, water, а vacuum at the source of the gas of 5 in. wat 
of pipe required, start with 48,000 in column 2, follow ti 
line 


48,000 
the gas has a specific 
intaining a aeuum. of 
Then, to find the dinmater 
dotted line horizontally to the 
ndicating the length of pipe (100 yd.), vertically to the line representing the speci 
gravity of the gas (1.1), and then horizontally across the diagram to the vertical line 
representing drop in pressure (15 in; read the intersecting line, representing the 
diameter of the pipe, which falls in the column corresponding to that in which the 
volume of gus was shown. ‘The diameter of the pipe required is 6 in. 


Within recent years, the distribution of gas at moderately high pressures 
has become very important. In such systems, the gas pressure is measured 
in pounds per square inch, and a somewhat different formula applies: 


sean m > 
ти кр + оор) 


where Q = discharge of free gas, cu. ft. per hr. 
D = diameter of the pipe, in. 
P = friction drop in pressure, Ib. per sq. in. 


nal), lb. per.sq. in, gage. 


initial 
A = average pressure ( — — 


W = specific gravity of gas (air = 1) 
L = length of pipe, miles. 
Figure 33 for the convenient solution of problems involving this formula 
is given. Tts use is similar to that illustrated for the low-pressure problems, 
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The factors are read in the order Q, L, A, W, D, P, turning st right angles 
at the termination of each projected line to project to the intersection corre- 
sponding to the next factor. 


Columns: 


57890 2 И BRR, 


Pipe Diameter in Inches"D" 


12351 234 


5 
i 
i 
$ 
Е 
= 
Н 
E 
= 


à 
5 
Й 
R 
à 
| 


DROP OF PRESSURE IN INCHES OF WATER “H” 


CHART FOR CALCULATING FLOW OF AJR AND GAS IN LOW-PRESSURE LINES 


"род ti adig go убив] We 


tly the U. S. Bureau of Mines in cooperation with the Naturul Gas 
Department of the American Gas Association has been studying the flow of 
natural gas through high-pressure transmission lines. In this important 
work, sometimes involving lines hundreds of miles in length, the choice of 
an urate formula is very di ble. The reported results obtained favor 
the use of a formula developed by Weymouth [Trans. Am. Soc. Mech. Eng., 
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34, 1091-1104 (1912)] (сї. Berwald and Johnson, U. S. Bur. Mines, Rept. 
Investigations, 3153, December, 1931). This is: 


sog» ta [Pe — 
18.06: РА Я; 


G 
Е 
алая 


E 2 i 

= m a 

é 523 A 

5 "EE 4 

БР о Ране > 

Брич НА 

AERE ‘4 3888 5 

| Z ч 

! h S Е 

F eid i 

1 = 

а 

b 3 
к У 
g 

i E 
Šg У 
P А 
i | 
2 à 
Ё 


еш шабы д "GS NIS UIS OS 


where Q. = number of cubic feet of gas flowing per hour, corrected to 60°F., 
and base pressure (14.4 Ib. per ва. in.). 
absolute inlet-line pressure, Ib. per sq. iu 
absolute outlet-line pressure, 1. per sq. in. 
bsolute flowing temperature, °F., i.e. (To + ё), 
length of line, miles, 

bsolute temperature, 460°R, 


Р, 
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Po = absolute pressure base (14.4 lb. per 
in natural-gas engineering practice). 
h = 60°F. 
t = observed flowing temperature, °F. 
6 = specific gravity of gas (air = 1). 

Weymouth's treatment more nearly approaches the flow treatment based 
on Reynolds number (see рр. 7997. on Flow of Fluids). However, the prac- 
tical application of Reynolds number has been handicapped by the fact that 
the data required are usually not readily available to the operating gas 
engineer. A nomograph for the graphical solution of the Weymouth formula 
has been developed by Mathis (Gas Age-Record, Apr. 30, 1932, рр. 536-538) 

Extensive studies of Johnson and Berwald on the flow of natural gas have 
been compiled in Monograph No. 6 issued jointly by the U. 8, Bureau of 
Mines and the American Gas Assoc., entitled “Flow of Natural Gas through 
High Pressure Transmission Lines.” This considers simple and complex 
piping systems, including the design of parallel lines, the storing of natural 
gas in pipe lines, and the chemical composition, compressibility, and viscosity 
of natural gas. 


. in., as generally adopted 


The Design of an Atmospheric Gas Burner 
For certain industrial and illuminating purposes, gases containing hydro- 
earbóns may be burned without premixing with air, Such combustion gives 
а luminous flame and, under some conditions, some carbon or smoke, For 
many purposes, however, such luminous combustion is not desired, and the 
gas is ordinarily premixed with a cer- 


tain amount of air, usually considerably а а И НР 
less than is required for combustion. # 00 
When this primary air is aspirated by E PRU 
а jet of gas at low pressure, the burner 4 070 
is said to be an atmospheric gas burner. Фр 

In the design of burners for such [| 
qiio e di бай iy ap o 
is the flame characteristics; thus, if a паа каа Sa aang 
sharp, hot flame must be had, a high Fie. 34.—Relation between orifice con- 

+ n 4 stant К and angle of approach for sbarp- 
primary air-gas ratio is necessary. Sant К and 
The minimum gas pressure available 
must be known, and {һе geometric characteristics of the space in which the 
combustion is to occur and from which the heat must be transferred must be 
developed. 

The burner consists of: (1) an orifice from which the gas is discharged, 
(2) an injecting tube in which the air is entrained and mixed with the ga. 
and (3) a series of ports or openings from which the air-gas mixture is dis- 
charged for combustion. In installing the burner a cock or valve capable of 
regulating the gas flow is ordinarily provided. Care must be taken so te 
place the burner that air, substantially uncontaminated with combustion 
products, is freely available at the air-shutter opening of the mixing tube 
under conditions of maximum demand, and provision must also be made to 
permit the ready flow of the requisite secondary air to the ports and to permit 
the free discharge of the combustion products. The inner cone of the flame 
must never impinge an object, as the incomplete combustion resulting 
may produce dangerous amounts of carbon monoxide. 

Orifice, In selecting an orifice, a high coefficient of discharge ів desirable, 
as entrainment of more air may be obtained. Ап orifice of the sharp-edged 
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type is preferred. The rate of flow of gas from such an orifice may be com- 
puted by means of £he formula 


H 
D 


where Q = the quantity of gas flowing, cu. ft. per hr. 

А = the area of the orifice, sq. in. 

К = the orifice constant or discharge coefficient. 

Н = the orifice pressure, in. of water (above the atmosphere). 

1 = the specific gravity of the gas as it approaches the orifice (air = 1). 
Up to an orifice pressure of 10 in. of water, no serious error due to gravity 
changes because of increased pressure at the orifice is introduced. 

The various values of К for different types of sharp-edged orifices are shown 
in Fig. 34 (Nat. Bur. Standards U. 8., Tech. Paper 193; Sci. Paper 359). 

Air-gas Ratio. On p. 2411 were given formulas by which the air required 
for the complete combustion of ordinary fuel gases could be computed. 
Many manufactured city gases require about 5 volumes of air to one of gas, 
with a corresponding air-gas ratio of 5; while for natural gas requiring for 
complete combustion 10 volumes of air per volume of gas, the air-gas ratio 
is 10. 

In Fig. 28 were shown flame speeds of mixtures of a number of fuel gases 
with ай For flexible atmospheric burner operation it is desirable to operate 
with a primary air-gas ratio in the mixing tube of such a character that 
ordinary changes in composition will not be critical. In older manufactured. 
gas appliances the primary air-gas ratio is from 1 16 to 2, те., from 30 to 40 
per cent of the total sir required. “With advance in the technique of burner 
design, it has been possible to secure much higher percentages of aeration 
in the primary mixture, Where access of secondary air to tho porta is some- 
what restricted, as in some radiant-type heaters fitted with ceramic grilles, 
the percentage primary aeration may be as much ав 80 per cent. Such high 
primary air-gas ratios are, however, more critical and are avoided where 
flexibility is important. 

If the primary air-gas ratio is too low, the flame lengthens unduly and may 
produce carbon monoxide if impingement results. The tips may turn yellow 
and the combustion smoky. Too high primary air-gas ratio may lead to 
strike backs with carbon monoxide production, or blowoffs which are equally 
undesirable. 

The Injecting Tube. 
minimum gas pressure, the и 
of в venturi (refer to Sec, б). 

In Bur, Standards Teoh, Paper 193 the following are given as some items of 
importance in regard to the injector tube: 

а. The change of the lines of approach of the inlet to the outlet should be 
gradual. 

b. The approach should follow approximately а curvature which should 
not be less than 3-in. radius fdr a 56-іп. throat, and other sizes should be in 
proportion. For this size tube; the orifice should discharge about 1.5 in. 
from this throat. 

с. The outlet angle should be about 2 degrees. The outlet tube should 
not be too short. Six throat diameters is the minimum length. for good 
service. A satisfactory area of the throat can be determined by multiplying 
the area of the ports by 0.43. 


Q= 1655,54. 


secure maximum air entrainment with а 
ecting or air-mixing tube should be in the form 


FUELS 


The Bureau of Standards (Circ. 394) develops the relationship between 
the burner design and the momentum of the gas stream with particular 
reference to the entrainment of the air. The product of the mass and velocity 
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of the jet of gas, ss it leaves the orifice, bears a sufficiently constant ratio 
to the momentum of the mixture of gas and primary air as it passes any 
definite cross section of the burner to permit the use of a constant in most 
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problems of design, ùe., МУ /то = C. The value of C is the same for burners 
of different sizes but of the same geometric design. The considerations are 
approximate and subject to some modification as the burner heats up and with 
increasing pressure and low gravity gases. According to this, geometrically 
similar burners have a characteristic injecting constant 


the burner constant. 
the quantity of gas flowing in unit time. 
the volume of the air-gas mixture flowing in unit time. 
the area of the orifice, 
D = the density of the air-gas mixture. 
4 = the density of the gas. 

The value of 6 should ђе determined experimentally but should not be 
assumed to be greater than 0.84/P, where P is the total port area, although 
well-designed burners, properly aligned with a sharp-edged orifice, have shown. 
values as great из 1.2 P. 

A number of useful relationships may be derived from this treatment of 
the burner constant. 

It bas been recommended that free area of the mixer head, through which 
the air is admitted, be approximately fixed at 1.25 times the port area. 

The Burner Head. Considerations of importance relnting to the burner 
head are the port area, the depth and coefficient of discharge of the ports, the 
individual port area, the spacing of the ports, the burner volume, and the 
distribution of secondary air. 

For natural gas, butane, and propane 12,000 to 15,000 B.t.u. can be 
burned per square inch of port area; for manufactured gases, from 22,000 to 
26,000 B.t.u. per sq. in. of port area. For universal burners for use on either 
fuel, around 20,000 B.t.u. per sq. in. should be selected. In general, the total 
port area should be made as large as possible. The figures above are for 
minimum areas. 

The port relations must be such that the flame will not strike back owing 
to too low a velocity of air-gas flow nor must it blow off owing to too high a 
velocity. To secure high air-gas ratios without strike back, ample momentum 
must be imparted to the air-gus mixture to ensure adequate pressure within 
the burner head to cause a proper velocity of flow through deep burner ports. 

Kowalke and Cenglske (Ат. баз Assoc., Proc., 1929, pp. 662-686) develop 
certain relationships between the air-gas ratios and the ratio of thront area 
to port area and orifice area to throat area. The work was further developed 
(Proc. Wis. Utilities Asaoc., 1930). The equations obtained in this work 
have been rearranged “Combustion,” 1932 ed., published by American 

Jas Assoc.) as follows: 


5 
Ар = ex (R2. x! X Ae: 


where Ap = the ром area, ва. in. 
A, = the area of the orifice, за. in. 

coefficient of discharge of the ports. 

R = air-gas ratio. 

d = density of the gas. 
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‘The value 0.85 is characteristic of the burner and is applicable only to a 
well-designed, burner, such аз those using injecting tubes meeting the sug- 
gestions of the. Bureau of Standards, Values from 0,35 to 0.7 have been 
found. 

"The general form of the above equation 13 as followat 


кзА„ (Е + DR 
Ap = E 


Sm 


where К is the discharge coefficient of the gas'orifice (values ranging from 
0.75 to 0.85) and F is the injector characteristic: 

Arrangemetit of ports in more than two rows without access of secondary 
air between them should be avoided. Burner’ports should not be drilled too 
close to the injector tube, and the ‘air-gas stream should not be deflected 
against certain ports. Care should be taken to secure substantially equal 
pressure on all рот It is difficult to-estimate the coefficient of discharge 
ofthe ports because of the various ways in which ports may ђе made, For 
rough approximations, values from 0.6 to 0.8 may be used; although values 
from 0.45 to 1.00 have been found. Drilled ports are preferred... No gauze 
should be: placed in the burner. For small iron or steel burners the burner 
head, tube, and injector should be cast in one piece and поб cemented. 

Individual port areas are important. factors in stability, and. blowoft or 
ke back. The following areas should not be exceeded: 

For manufactured gas: Мо. 40 M.D.8. (0.0075 sq. in.). 

For natural gas: Мо. 30 M.D.S. (0.013 sq. їп.). 

For propane and butane: No. 32 M.D.S. (0.0106 sq. in.). 

Universal burners require small ports, 

Wills [Western Gas, August, 1931 (this author gives another approach to 
the problem of burner design)] recommends that the free cross-sectional area 
of the burner hend be three times the area of the ports to be supplied, If an 
even distribution of heat is required, the difference in velocity of the air-gaa 
mixture between the first and last ports must. not be too great. 

Air-shutter Opening. The Bureau of Standards recommends. that 
the -possible- air-shutter opening should be made во large that the linear 
velocity through the opening, does not exceed. 4 or 5 ft. per seo. 


sir 


1 GAS AS AN INDUSTRIAL FUEL 


Recent year have withessed a marked extension in the use of gas ва a fuel 
On the preference for gas for these purposes, the 
Surface Combustion Company states: 


By establishing practios with gas as a fuel, a standard of comparison is set up which 
permits a determination of performance in advance of actual operation that cannot 
otherwise be obtained . . . The fuel which is amenable to elimination of most, variables 
за application is clean gas  . « 

With gas it is possible to eliminate the uncertainty of flame length, heat distribution, 
excess oxygen or fuel, rate of flame propagation, and ali those varinbles which are charac- 
teristic of other fuels . . . It is our belief that the use of other fuela represents at the 
present time an expression of economie conditions which are transient in character. 
From the specifications of control, availability, cleanliness, efficiency in utilization, and 
national economic soundness, gas has . . . marked advantages over competing fuela, 


Furnace Atmospheres. Three classes of furnace atmospheres have been 
recognized, namely, the oxidizing, the neutral, and the reducing atmospheres, 
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The American Gas Association’ characterizes these ав follows: 


Name of atmosphere. | Oxygen, % | Carbon monoxide and hydrogen, 
Oxidizing. РАСМ, Over 005 _ | Not over 0.59% total CO + Hs 
Neutral. ~ | Not over 0.05 | Not over 0,5% total CO + Ha 


Reducing. ....- 5 | Not over 0.05 | Over 0,5% total СО + Hy 


"This classification is for purposes of definition and clarification only and 
does not rest upon the behavior of the furnace atmosphere toward specific 
materials such as metals at elevated temperatures. 

Carbon dioxide, water vapor, and oxygen will scale metals, while CO and 
Hz are reducing. Neutral atmospheres produced by ideal combustion condi- 
tions are actually scaling. A better classification of furnace atmospheres 
is based upon the effect upon the product as scaling, carburizing, decar- 
burizing, nitriding, bright annealing, etc. Much of the information on 
furnace atmospheres is empirical in nature and based upon imperfect anfi- 
lytical procedures. 

Tn furnaces in which atmospheres must be controlled, two classes may be 
recognized: 


1, Furnaces in which the work:isdn contact with the combustion atmosphere; 
2. Furnaces in which the heating is indirect und the work is subject to а controlled 
or controllable atmosphere, as in muffle furnaces. 


Certain remarks and precautions about the choice of industrial burner 
systems are apropos here. The systems will be described later. "Thus 
atmospheric burners should not be used for the production of reducing 
atmospheres as the low burner-head pressure may permit the admission of 
pockets of excess air and consequent explosions. Pressure burners аге to 
be preferred over atmospheric burners where wide flexibility is desired. 
Diffusion-flame burners possess eertain advantages where low flame tempera 
tures and high rate of heat transfer is desired. These burners allow precipi 
tations of carbon and a blanket of reducing gas. Nozzle-mixing burners 
do not allow satisfactory control of atmospheres on turn-down conditions. 
Premixed systems are very successful in the production of controlled 
atmospheres, 

In the so-called protective atmospheres water vapor is frequently found 
yery deleterious and must be remoyed. Furnace technique for special work 
has now become so developed that it is possible to remoye undesirable gases, 
such as water vapor and carbon dioxide from combustion gases almost 
completely. 

It will be obvious to the chemical engineer that the action of furnace 
atmospheres and their effective control involves a consideration of the 
thermodynamics of the various oxidising and reducing actions which the 
product may undergo and the thermodynamics of the furnace atmosphere. 
‘Thus, in bright annealing, the constituents in the furnace atmosphere must 
not dissociate to give available oxygen in partial pressures sufficient to 
repress the dissociation of the oxide of the product, as otherwise the product 
would tarnish or scale. It is obviously impossible to discuss the many 
applications of gas to controlled furnace atmospheres and the precautions 
that must be observed. The American Gas Association through appropriate 
committees on industrial gas research has and is engaged upon studies that 
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are helpful, and the reports of such committees and booklets of that зазосіа- 
tion, particularly "Combustion" and “Fuel-flue Gases” (in press, 1939) 
may be consulted. 

Industrial Combustion Systems. Combustion systems have been 
classified by the American Gas Association* as follows: 


1. Atmospheric, 
IL Pressure, 
А. Air compressed 
(1) without automatic proportioning 
3) with automatic proportioning. 
B. Gas compressed. 
(1) without automatic proportioning. 
(2) with automatic proportioning, 
Mixture compressed 
(I) without automatic proportioning. 
(2) with automatic proportioning. 


It will be impossible to describe in detail the various types of apparatus 
ayailable for these systems, therefore merely the general principles involved 
will be given, somewhat along the lines adopted by the Gas Association. 

The object of the various combustion systems із to provide accurate regula- 
tion of the air-gas ratio in the mixture supplied to the burner porta and an 
acourate control of the rate of gas supply. 

Diffusion-flame Burners. Since the above classification was prepared, 
the industrial use of burners in which there is no premixing of air with gas 
hus extended greatly. 

‘These burners depend upon the diffusion of all the air required for combu: 
tion, They are known as diffusion-flame or luminous-flame burners, They 
are characterized by а luminous flame of high radiant emissivity and a low 
flame temperature. They will be referred to in the concluding paragraphs 
(p. 2430). 


I. The Atmospheric System. 


For operations requiring temperatures up to 1000°F., and where an ample 
supply of secondary air to the combustion chamber is assured, atmospheric 
burners can be applied successfully. Properly designed burners will operato 
without flashing back when the gas flow is reduced to one-tenth the rated 
consumption, thus permitting thermostatic control. ‘The simplicity of the 
atmospheric system causes it to be widely used, but the necessity for a positive 
draft and the long time required to attain furnace temperatures from 500° 
to 1000°F, often causes it to be rejected in favor of a special combustion 
system. 

Some of the considerations involved in the design have already been sot 
forth in the division entitled The Design of an Atmospheric Gas Burner. 

Additional considerations follow: 


1. Each individual burner port should receive its supply of secondary air by drilling 
the ports in raised tents when this is possible, and the ports should be so arranged that 
secondary air is readily accessible to every individual port. 

2. The burner body should be as small ss possible consistent with good operation in 
order to minimize flash-back objections. 

3. No cement joints should be used as these may crack under heat and leak gas, 


# In the booklet "Combustion" 2d ed., 1926, prepared under the direction of the 
Industrial Gas sevtion of the association. ion to use material contained therein 
is gratefully acknowledged. 


4. Burners should ђе 
made of cast iron, 

5. Air mixers should 
have flat faces and be 
capable of being rigidly 
fixed at any desired а4- 
justment. 

6. Burners and mani- 
folds should be rigidly 
connected to their appli- 
ance. 

T- Standard A.G.A. 
orifice spuds and gas 
cocks are available for 
gus consumptions up to 
80 cu. ft, per hr. and 
should be used when 
possible, 

8. The use of wire 
gauses in burners should 
be avoided. 

9, The burner should, 
where possible, be placed 
close to the appliance 
without causing the cone 
to impinge and without 
causing floating from the 
banking of burned gases. 

10. Free exit of burned 
guses from under the 
heated surface must be 
provided by placing the 
burner sufficiently low. 

11, A draft 
an excess of se 
air should be reduced by 
& permanent restriction 
in the flue. No dampers 
should be used. 


Figure 36 illustrates 
опе of the many forms 
of atmospheric burn- 
ега, 


П. Pressure Sys- 
tems 


Ай): Air Com- 
pressed without 
Automatic Propor- 
tioning (Two-valve 
Control). Next to 
the atmospheric sys- 
tem, the simplest 
combustion system 
consists of independ- 
ently controlled air 
and gas lines meeting 
in а mixing tee. The 
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-Bas line 


Burner cement. 


Fie. 37. 


For Tunnel sive 
Seeassenibly ~ 


Justrial gas-burner installation with 
contr 


dnspirator nozzle spud 
Inspirator nozzle 


-Atmospheric industrial gas burner with manifold 
mixing. 
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air, which constitutes the bulk of the mixture, is passed straight through 
the tee and inspirates gas from the side outlet. The proportions of the 
mixture should be correct for perfect combustion, without secondary 
air. From the mixing tee, the combustible mixture is passed io the 
burner, 

Air is usually supplied at pressures of 1 to 2 1b. per sq. in., but the system 
may operate satisfactorily at air pressures as low as 6 in. water, И the supply 
lines are large and no important 
friction loss occurs in these whe 
working at capacity. The gas 
supplied at the service pressure. 

‘The intimate mixture of air and 
gas before entering the furnace 
makes, it possible to attain high 
temperatures, and good tempera- 
ture control may be obtained by the 
system; but it possesses the disadvantage that furnace atmospheres cannot be 
readily duplicated and controlled owing to possible independent variations in 
the two supply pressures, 

"The mixing tees have a slight restriction at the air-supply end to create 
а suction at the point where the gas enters the mixture. -Many mixing tees 
are made from a simple pipe fitting without an inspirating dev: 

This system develops burner pressures from 16 to'S in. water, and the 
same type burner may therefore be used as those that are employed in other 
blast-combustion systems. 

Obviously, in any burner of any system the flame may be held near the 
burner port by а glowing refractory. When the mixture issuing from the 
port contains suflieiont air to support combustion, and. flash back must 
consequently be prevented, the design of the port must be such that such 
flash back is extinguished. This can be accomplished by designing the 
burner port to give the issuing mixture a velocity higher than the velocity at 
which flame will propagate, thus blowing the ignited mixture to the mouth of 
the port. Since the limiting velocity is dependent upon the diametar of the 
tube through which the flame may propagate, 
it is very desirable to use small ports of consid- 
erable depth, since such ports permit the use 
of low-mixture velocities without the danger of 
flash back. If the flame is not held by a glow- 
ing refractory, it is important to limit the 
velocity at the head of the burner so that the 
flame will stick and not blow off, This may 
involve the placing of the portsin such a manner 
that the issuing mixtures from several adjacent 
ports mingle to give a low resultant velocity. 
Since in blast systems no secondary air access 
need be provided, this desirable condition may 
be attained by hooding the mouth of the 
burner or by directing port streams against each other to interfere, blend, 
and slow the resultant streams. Pilot flames are also used to hold the flame 
оп the burner, 

When the mixture is blown against a refractory material, this should ba 
placed from 6 to 12 in. from the nozzle and so placed that the gases are not 
reflected back upon the burner. For high-temperature work the nozzle 


tmospherié industrial gas burner, 
circular, four-range capacity. 


Fie. 39.—Atmospherie — indua- 
trial gas burner, ribbon type. 
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should be bedded into a refractory wall with side walls flaring out to permit 
the mixture to reach the refractory bed and to protect the nozzle from burning 
Oui. Check valves should be placed in the gas lines to protect, the meters and 
apply system, The air pressure should be 
ied by low-pressure blowers. If air at high 
pressures is available, it will be found economical 
to install an air inspirator so that the energy in the 
high-pressure air will draw in most of the air re- 
quired Тог combustion, ог а low-pressure blower 
should be installed, 

The pressure systems without automatic рго- 
portioning are not recommended for anything ex- 
бёр installations so small that the expenditure for 
more elaborate systems is not warranted. 

A(2 


T 5 Fra! 40.—Gas burner with 
Air Compressed with Automatic Pro- жузше о 


Portioning (Single-valve Control). The auto- 
matie proportioning referred to in combustion is applied to the automatie con- 


trol of the ratio of fuel to air without attention by the operator. Because of 
fluctuating supply 
pressures and, chang- 
ing flow rates, вера- 
rate valve controls for 
fuel and air cannot be 
manipulated in such 
а manner ns to ensure 
the maintenance of 
a given furnace atmos- 


phere at all time 7 
Consequently, va A na M k 
us devices have been ‘@æfractory bed 7998 
developed to regulate Monifald 
theamountof mixture дала. be--- Governor- 
admitted to a burner cover йог. аи 
orasepofburners. A` дир |“ faphragı 
homogeneous coni ` ошо a- Governor. 
shant-eomposition СИР AEE conr) | л-]бмоглог Body. 
mixture is thus en- ^X c, | p peeve ој valer 
sured, | The composi- aiik Е m 
tion сап, of course, be || 
set ав desired. Фес A aspirator body 

А thoroughly mixed d^ * Inspirator throat 
and correctly propor- 
tioned gas-air blend 
suitable. for complete sini] 
combustion is the П dn 
ideal mixture to dis- боз inlet 2 уље! 
charge from the 
burner nozzle. А Air cock 


minimum of eombus- Fig, 41.—Industrial gas-burner installation showing single- 

tion space is required ^ valve control to manifold with automatic proportioning. 

because combination 

occurs immedintely upon ignition. м ка 
Figures 40 and 41 illustrate arrangements fot automatic proportioning. 


2428 FUELS 
The system referred to in this section operates by utilizing the energy in 
the air to inspirate gas which has been reduced to strosphers pressure 
by а diaphragm regulator. The air is supplied at from 1 to 2 Ib. per sq. in. 
At the narrow part of the venturi, the pressure is below atmospheric, and 
gas at atmospheric pressure is Mechanical mp 
drawn through an orifice into °fairond gas 
this region of reduced pressure. Direct connectes 
By proper construction of the motor 
venturi and gas orifice, it is 7 
possible to make both fluids 
follow the expression V = 
20h, in which V is the 
veloci g is the acceleration 
due to gravity = 32.16 ft. per 
вес.; and ћ із the head or pres- 
sure difference causing the 
flow. A given air flow will 
inspirate a given gas flow; with 
increased air flow, the amount 
of gas inspirated will be in- 
creased with the increased re- ^ 
duction in pressure at the ix — 
venturi. The converse is also 
true, and the burner is thus я рае 
placed under single-Valve con- scu belag compreated without aitomatie 
ted proportioning. 

В(1): Gas Compressed without Automatic Proportioning. In many 
large industrial furnace operations, such as in steel mills, the requisite com- 
bustion is attained by direeting gas at pressures from 1 lb. 
up into brickwork opening more or less carefully con- 
structed. With the aid of a strong draft, air is drawn 
into the combustion chamber from either regenerators or 
recuperators, or directly from the outside. Mixing is 
usually completed in the working zone, and combustion 
is thus delayed. The volumes of the air and gas used 
depend upon а great many conditions such as the gas 
pressure, the valve or damper posi- о. 

the draft intensity, the char Эйе Burners 
er of the air or gas passages or 
both, aud other factors. No auto- 
matic proportioning or premixing is 
attempted, and the efficiency of the 
furnaee depends almost entirely up- 
on the operator who may or may not rha hx fü fon. 
be skillful and attentive. гре mixture compression system. 

Such combustion arrangements arê Fro, 44. Mixture compressed with some 
permissible only when fuel is ex- automatic proportioning—fan type. 
tremely cheap. (Further treatment 
of this system of combustion will be found in Trinks, “Industrial Furnaces,'" 
Wiley, New York, vol. I, 1923, vol. II, 192: 

B(2): Gas Compressed with Automatic Proportioning. This system 
ів generally termed the high-pressure system. The compressed gas is carried 
to the point of application without the use of fire screens, fire checks, ete. АП 


Air inlet Valve 


ш, 


Fic, 44. 
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the air for combustion is injected by the gas through the use of patented 
inspirators which proportion the amounts of air and gas at the appliance. 
The air-gas ratio is determined by the size of the orifice admitting gas to the 
device, and the maintenance of the desired proportions depends upon the prin- 
ciples indicated under A(2), Air Compressed with Automatic Proportioning. 

С(1): Mixture Compressed without Automatic Proportioning. In 
this system, a fan blower draws air from the atmosphere and gas from a supply 
at normal service pressure into the fan casing where a homogeneous mixture is 
at once formed. A double valve turns the air and gas up and down together. 
This system is designed for constant heat requirements. 

"This type system can be used chiefly for single-burner nozzle applications 
and for work which requires little or no turn down and which will permit the 
fan to be placed close to the furnace without overheating, Multiple burner 
volving long manifold piping must be avoided, as flash backs may occur 
with variable burner pressures. Figure 42 shows such an installation and 
Fig, 43 shows the type of nozzle used. 


Air and gås mure 
1-6as governor 6-5ypass regulator 
2-Gasandairproportioningvaive 7-Tesf burner aad fire obec (see detail) 
i ан белше gage 

aper ут Bak fire 
Seaspump © Одет 


Fra, 45,—Industrial-gas nir-n 
burner typ: 


stem with automatic proportioning, manifold 
ing burner construction. 


C(2): Mixture Compressed with Automatic Proportioning. The 
fan blower described in C(1) can be greatly improved in reference to automatic 
broportioning by the addition of а gas governor. If this is done, and suitable 
admission ports are chosen for the gas and the air, a certain degree of auto- 
patie proportioning is obtained. A fan blower so equipped is shown in 
Fig. 44. 

А much more elaborate type, in which all the air for combustion mingles 
with the gas homogeneously is that of the Kemp Company; it is illustrated 
in Fig. 45. Admission valves for air and gas with a number of different 
settings are provided to give such ratios of air to gas as may be desired. Once 
set, the ratio remains constant. 

Since the system handles a combustible mixture, various precautions are 
used to prevent back firing, including “back-fire checks” and specially 
designed burners with screens, Explosion relief heads nre also furnished, 
but these are added precautions very rarely, if ever, needed. 

Another subdivision is used to classify mixing compressors drawing in 
only a portion of the air required, usually less than that necessary to sup- 
port combustion, The air-gas ratio is usually 2:1. This mixture injects the 
remaining air at the burners. The amount injected here will of course depend 
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somewhat upon the furnace conditions and burner adjustments, во the system 
їв not completely automatic in proportioning. Flash back may occur in 
these burners if the mixture flow is reduced to one-third normal operations. 
Automatic heat control of the gradual shutdown type is therefore applicable 
only when the low consumption is greater than one-third the normal. 
Diffusion-flame or Luminous-flame Burners. It is claimed that 
diffusion-flame or luminous-flame burners offer the following advantages: 
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1, An increased rate of heat tran 
2. More uniform temperature control, 

3. Less maintenance of furnace refractories. 

4. Greater degree of turn down of burners. 

5. Less scale is formed, and such scale as may be formed is more easily removed. 


Diffusion- or Iuminous-flame burners admit little or no primary alr to the 
burner, The air and gas streams emitted from the burner nozzle should be 
free of turbulence and should travel along the furnace at the same. speed, 
burning taking place only at the surfaces of the individual streams of gas and 
air as diffusion of one into the other occurs. By controlling the velocity 
of air and gas streams or speed of mixing, the length of flame as well as the 
luminosity may be controlled within desired limits. А mathematical analysis 
of the factors affecting the shape of such flames has been made by Burke and 
Schumann [Ind. Eng. Chem., 20, 908 (1928)]. 

‘The radiating power of а luminous flame is from 4 to 6 times as grent as 
that of a non-luminous flame; thus for certain high temperatures a faster 
rate of heat, transfer can Бе obtained from the luminous flame than from 
non-luminous flames, even though the flame temperature of the luminous 
flame is several hundred degrees lower. 

In applying luminous flames to industrial installations, it is desirable to 
secure the services of a manufacturer of gas-burner equipment experienced 
in such work. A number have given considerable time and attention to 
luminous-flame burners that ean be applied to furnaces for var урев of 
operations. Ав there is uncombined oxygen in the furnace, the design must 
be such that this is kept away from the work if scaling is to be avoided. 
While the luminous carbon particles indicate temporary incomplete combus- 
tion, burners properly designed and operated will give complete combustion 
of the fuel before it leaves the furnace. 

Luminous-flame burners ean be supplied їп а design euch that if the gas 
is purchased on an off-peak basis, oil can be burned in them when the gas 
supply is interrupted. Gas varying from 350 to 1500 B.t.u, 
the same burner and the change-over ean sometimes be made without loss 
of furnace temperature. If gas is available at a sufficiently high pressure, 
the requisite air may be inspirated; if not, the air may be supplied by а fan. 
[Other references on luminous-flame burners: Wood, Gas Age-Record, 67, 
351 (1931); Dare, Paper before Am. Gas Assoc. Industrial Gas Sales Co 
ference, Cleveland, March, 1939). 
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STEAM PRESSURES 


No definite rule can be given for the selection of steam pressures as much 
depends upon local conditions such as size of plant, investment warranted, 
cost of fuel, load factor, use of exhaust steam, or simplicity of operation. 

In central-station work, practice is divided as between 900 lb. per sq. 
and 1200 to 1400 Ib. per sq. in., with a noticeable trend toward the higher 
pressure in many of the newer stations. The 1200 to 1400 lb. per ва. in. 
station will show a reduced heat consumption per kilowatt-hour of 10 to 15 
рег cent compared with a 300 to 400 Ib. per sa. in. station, but to offset this 
there is usually an increased investment cost of at least 5 per cent. Where 
fuel is very cheap, or the load factor low, this increase in efficiency may поб 
warrant the additional fixed charges of the high-pressure plant. It is felt that 
1400 Ib. per ва. in. 18 the limit in pressure that should be employed without 
reheating the steam between the high- and low-pressure elements of the tur- 
bine, otherwise too much moisture will be present in the low-pressure stages. 
These pressures contemplate initial steam temperatures of 900° to 950°F. 
which are the highest generally employed with present materials. 

The accompanying curves (Fig. 1) reproduced from a paper by Frank 
8. Clark before the World Power Conference in Tokyo, October, 1929, present 
the results of some studies on high and low steam pressures for central stations 
employing the regenerative cycle (the cycle in which steam is extracted from 
one or several stages of the turbine for feed-water heating). 

Ап increasing number of process industries are now employing 400 Ib. per 
ва: їп, steam pressure in their power boilers; a smaller number around 600 
Ib. per sq. in. and a few still higher pressures; the Ford Motor Co. at Detroit 
has adopted 1400 Ib. per sq. in. and the Philip Carey Co. at Lockland, Ohio, 
1800 Ib. per sq. in. 

"The governing factors in an industrial plant employing exhaust steam for 
process are the power requirements, exhaust pressure, and quantities of the 
2432 
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process steam required (see Heat Balance*). А boiler pressure should be 
selected such that the steam in passing through the turbine or engine will 
produce the required amount of power and make available sufficient exhaust 
at the desired pressure (or pressures if an extraction turbine is employed) 
without an appreciable amount being wasted. It is seldom possible to ope 
ate for long with a perfect balance between power and process steam demands, 
and it is, therefore, better so to proportion the plant that any deficiency in 
process requirements will be made up by boiler steam through a reducing 
valve than to have an excoss of exhaust 

steam go to waste. In some plants the 14000 ен 
installation of a mixed-pressure turbine | ЕЕ rafal ‘Station 
may be warranted to utilize such excess S 

exhaust. 

In an industrial plant utilizing the 
exhaust steam for process, it is usually 
possible to generate 1 kw.-hr. on 4500 to 
5000 ВАль or about one-third that re- 
quired in a straight condensing plant. 
Where very little or no steam is required 
{ог process, the power requirements and 
local conditions will determine whether 
it is more economical to generate or to 
purchase power and put їп a boiler plant 1909 
for heating requirements at relatively 
low pressure. 

In à few cases arrangements are in 
force between central stations and large 
industrial units whereby the former FEL 
supply the latter with the exhaust Turbine Generator 
from one or more high-pressure turbines 8000 д 60 ү) 0 2000 
and ва much power as шау be required. Initial Pressure, Lb per Sq In. Gage. 
These set-ups involve rather compli- у А 
cuted contracta to take care of fixed „F°, Variation of heat-condump- 

tion rate with initial pressure nnd 
charges, demand factor, ete., but under tenperatura Гог а plant operating on the 
certain conditions the arrangement is regenerative суйе (Clark, World 
advantageous to both parties from an Power Conference, Tokyo, 1929.) 
economic standpoint. 

High-pressure boilers in this country have followed, in general, the designs 
of boilers for moderate pressures with certain modifications such as increased 
drum and header thickness to ‘withstand the higher pressure and different 
arrangement and distribution of heating surfaces. Marly high-pressure 
drums were forged from the solid ingot or forge welded. Modification of the 
“ A.B.M.E. Boiler Code,” in 1931, permitted fusion welding under presoribed 
safeguards, and since then practically all power boiler drums have been 
fabricated by fusion welding. Abroad, high-pressure boilers have followed 
special designs, and in general they are of much smaller capacity than those 
in this country. The highest pressure commercial boiler is the Benson type 
which generates steam at the critical pressure of 3200 Ib. per sq. in. although 
experimental boilers have been constructed and actually operated at 5000 Ib, 
per sq. in. pressure. Опе utility plant is nearing completion and will operate 
at 2500 Ib. per sq. in. pressure, employing boilers with natural circulation. 
An industrial plant is operating at about 2200 Ib. ner sg. in, pressure. 
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It is most essential that close attention be paid to the condition of the 
feed water for high-pressure boilers, For this reason in many such plants, 
process steam is supplied by the heat of the exhaust through the medium of 
evaporators, во that pure condensate will be returned to the boilers. 

‘The high steam pressures and temperatures that may now be used for power 
generation have resulted in many utilities adding capacity by superimposing 
high-pressure, high-temperature units upon existing low-pressure stations 


17,000 11000 
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—Approximate range of plant heat rate and capacity increase when topping 

i plants, ie., superimposing а high-pressure plant upon an existing low-pressure 
plant. Curve 1 applies to tops added to existing small plants of early design. Curves 
3 and 4 apply to tops added to existing plants of recent design containing large units. 
Curves 2 and 5 show heat rates for new condensing plants of the same capacity operating 
at the top pressure, Curve 2 is for small units, curve 5 for large unita, 


and in во doing also raising plant efficiency. Superposition or “topping,” 
as it is often called, involves the addition of high-pressure, high-temperature 
boilers and a high-pressure turbine designed to exhaust at the old boiler 
pressure to the existing turbines. 

Topping can be employed to similar advantage in many industrial plants, 
though the conditions are somewhat more complicated by the use of process 
steam. In a plant where the power load has grown more rapidly than its 
demand for process steam, consideration should be given (о а high-pressure 
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top. The gain in efficiency and the capacity that may be added by topping 
depends upon the pressure and temperature of the existing plant and pressure 
and temperature of the top. The curves (Fig. 2, taken from an article by 
Clark in Power, 1937) show the per cent capacity increase and the heat rates 
that may be expected when topping existing plants that operate at pressures 
from 200 to 400 Ib. per sq. in and for tops of 850 and 1200 Ib. per sq. in. 


STEAM TEMPERATURES 


"The amount of superheat is the temperature of the steam in excess of that 
Corresponding to saturation at the given pressure. It is customary to employ 
enough superheat to ensure practically dry steam.(10 to 12 per cent moisture 
їз maximum) at the exhaust from condensing turbine or engine, _ Appreciable 
moisture in steam passing through the lower stages of a. turbine will produco 
erosion of the blading, besides lessening the power produced in those stages. 
When (ће prime mover exhausts to process, the superheat need only be high 
enough to provide dry process steam. 

Та the condensing steam суше, efficiency increases with increase in tem- 
perature as well as with increase in pressure. The limiting factor in increns- 


Fia. 8. Tro. 4. Fic. б. 
Fro. 3.—Superheuter placed above boiler tubes. 
Fio. 4:—Interdeck type of superheater. 
Fro. 5.— Radiant superheater in rear furnace wall. 


ng steam temperatures has been materials for superhenters, valves, and 
fittings, Until quite recently the upper limitini American practice has been 
around 750°F., although a few European plants have been designed for 800? 
to 850°. Advances in metallurgy have warranted an inerense in tempera 
ture, and many plants in this country are operating with a total steam 
temperature of 900° to 950°F. One experimental boiler and turbine unit 
of 10,000 kw. capacity at the Delray Station of the Detroit Edison Co. bas 
operated with steam at 1000°F, 

This advance in steam temperatures has made it possible to design plants 
for pressures as high as 1700 Ib. per sq. їп. without provision for reheating 
the steam between the high- and low-pressure elements of the turbine, 
th lower steam temperature and high pressure, reheating was employed 
in order to reduce the moisture content of the steam at the low-pressure 
stages of the turbine to а value that would not cause blade erosion. 

In industrial plants where the exhaust from the prime mover is used in 
process it is usually sufficient to employ a total initial steam temperature 
of 650° to 700*F.; sometimes lower temperatures suffice. 
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The superheater, as a rule, is an integral part of the boiler setting and is 
interposed in the path of steam flow between the outlet from the boiler drum 
and the steam supply to the prime mover. ` In special eases where an inde- 
pendent control of superheat is desired, a separately fired superheater, apart 
from the boiler setting, may be employed. Such installations, however, 
are not common, 

Superheaters are of two types, namely, convection nnd radiant, The 
former utilizes the sensible héat of the products of combustion and is placed 
either above the boiler tubes ог between the upper and lower banks of tubes, 
in which case it is known ав the interdeck type. Тһе radiant superheate 
utilizes the radiant heat of combustion and is placed directly in the furnace— 
usually on one or more sides of the furnace. ‘These types are illustrated in 
Figs. 3, 4, and 5, as applied to a horizontal water-tube type of boiler. 

Steam Temperature Control (see Sec. 17). As the steam temperatures 
become higher the safety margin becomes less, and close control of the tem- 
perature becomes a necessity. When only a convection-type superheater is 
used, the steam temperature rises with an increase in boiler load. This 
rising temperature may be controlled by decreasing the proportion of flue 
gas passing over (ће superheater surface. One type of control involves special 
baffling and dampers arranged so that any desired part of the gas flow may be 
by-passed around the superheater. In another arrangement of compensating 
superheater, the single superheater is split into two unequal parts by the boiler 
baffling. Gas flow through the two parts of the superheafer traces two paths 
through the boiler. -Dampers apportion the gas flow between the two paths 
and thus permit exact temperature control. А flat temperature-load curve 
may also be obtained by introducing a desuperheater in the steam circuit 
between primary and secondary superhenters, Ву controlling the amount of 
steam by-passing the desuperheater with a thermostatically controlled valve, 
the temperature of the steam leaving the second superheater can be controlled 
exactly. 

The temperature of the steam from a radiant-type superhenter falls with an 
increase in boiler load. This opposite characteristic of the radiant type super- 
heater may be used to control superheat by connecting it in series with a 
convection superheater which will compensate for the characteristic of the 
radiant superheater and so give uniform superheat with varying load. 

Starting up of a boiler may impose very severe conditions on a superhenter 
located in a hot zone unless an artificial ateam flow is provided from another 
boiler or by bleeding steam from the superheated steam header 

Thermal Properties of Steam. Various tables of the thermal properties 

f water vapor have been published, and the most recently completed table 
is that published by Wiley, and prepared by J. Н. Keenan, Associute Professor, 
and Е, G. Keyes, Professor, both of Massachusetts Institute of Technology. 
The Steam Research Committee of the American Society of Mechanical 
Engineers haa for a number of years sponsored researches on the properties 
of steam, the results of which were largely used in the preparation of these 
tables. The steam table data are within the tolerances set by the Third 
International Steam Tables Conference held in 1934. 


STEAM BOILERS 


‘The types of steam boilers employed in American power-plant practice 
fall into two general classes, namely, fire tube and water tube. The former 
are confined largely to small and medium-sized installations and moderate 
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is Table 1. Properties of Saturated Steam! 
п 
- Bp. vol., eu. ft. | | 
" Abs, Perth. | Heat of | Latent | Total Internal Sew 
the | heat of | heat of | energy 
к liquid, | evap, | steam, | of ex [ 
Steam | Water | Валь | Вал. | Btu | B. 
e 
1 zx: wil mol В ће | ћ | м» 
r 1 | 101.74 | 333.6 | 0.064 69.70 | 1035.3 | 1106.0 | 974.6 
2 | 126.08 | 173.73 | 0625 93.99 | 1022.2 | 1116.2 | 9579 
3 3 | 141,48 | 118.71 | :01630| 109.37 | 1013.2 | 1122.6) 947:3 | 
4 4 | 13213 | 9o. | ие tise | оса | 12:3. 393 
5 | 162.24 | 73.52 | .01640| 130.13 | 1001.0 | 1131.1 | 933.0 | „2347 | 1.6094 | 1.8441 
; 6 | 170.06 | 61:98 | :01645 137.96 | 996/2| 1134.2 | 927.5 | “2472 | 1.5820 | 1.8292 
2 | 7683 | 53.64 | 01649 14476 | 992.1 | 1136.9 | 9227 | 2581 | 1:5586 | 1.8167 
~ 8 | 182.86 | 4734 | 101653 150.79 | 988:5 11393] 918.4 | :2674 | 1:5383 | 1.8057 
] 9 | 18828 | 4240 | .01656 156.22) 985.2 | 1141.4) 9146 | 2759 | 1:5203 | 1.7962 
| 10 | 193.21 | 38.42 | .01659] 161.17 | 982.1 | 1143.3 | 911.1 | .2835 | 1.5041 | 1.7876 
| 1! | 197.75 | 3514 | :01662| 165.73 | 979:3 | 1145.0 | 9078 | :2903 | 1.4897 | 1.7800 
| 12 | 201.96 | 32:40 | :01665| 169.96 | 976:6 | 1146.6 | 904.8 | :2967 | 1:4763 | 1:7730 
В | 205.88 | 30:06 | :01667| 173.91 | 974.2 | 1481 | 9019 | :3027 | 114638 | 1765 
14 | 29.56 | 28,04 | :01670| 177,61 | 971.9 | 1149.5 | 899.3 | :3083 | 1.4522 | 1.7605 
4696| 212,00 | 26,80 | .01672 180.07 | 970,3 | 1150.4 | 897.5 | 3120 | 1,4446 | 1.7566 
15 | 213.03 | 2529 | .01672 181.11 | 969.7 | 1150.8 | 896.7 | „315 | 1.4415 | 1.7549 
16 | 21632 | 2425 | .01674) 184.42 | 967.6 | 1520 | 894.3 | ‘3184 | 1.4313 | 1.747 
17 | 19:44 | 23:39 | :01677| 187.56 | 965.5 | 1153.1 | 8920 | :3231 | 1:4218 | 12449 
18 | 2:41 | 2217 | 201679) 190.56 | 963.6 | 1542 | 889.9 | 13275 | 1.4128 | 1.7403 
19 | 225.24 | 21/08 | (OIG) 193.42 | 961.9 | 1155.3 | 887.8 | .3317 | 1.4043 | 1.7360 
20 | 227,96 | 20.089 | .01683 196.16 | 960.1 | 11563 | 885.8 | .3356 | 1.3062 | 1.7319 
21 | 230/57 | 19.192 | 101685 198.79 | 958.4 | 1157.2 | 883.9 | 3395 | 1.3885 | 1.7280. 
22 | 233.07 | 18.375 | 201687) 201.33 | 9568 | 1158.1 | 8820 | 3430 | 1:3811 | 1.7242 
23 | 235.49 | 17.627 | 101689 203.78 | 955.2 | 159.0 | 880.2| 346 | 1.3740 | 1.7206 
24 | 237/82 | 16,938 | 01691) 206.14 | 953,7 | 119.8 | 8785 | -3500 | 1.3672 | 1:7172 
| 
25 | 240.07 | 16.303 | .01692 208.42 | 952.1 | 1160.6 | 876.8 | 3533 | 1.3606 | 1.7139 
26 242.25 | 15.715 | 101094 210.62 | 950.7 | 1613) 8732 | `3%4 | 113544 | 1.7108 
27 | 244:36 | 15:170 | :01690| 212.75 | 949:3 | 1162.0 | 873.6 3594 | 113484 | 1.7078 
28 | 246.41 | 14.663 | 201698) 214.83 | 947.9 | 1627 | 8721 | 3623 | 1.3425 | 1.7048 
29 | 248.40 14.189 | 00609 216.86 | 946.5 | 1163.4 | 870.3 | 3652 | 1:3368 | 1.7020 
30 | 250.33 | 13.746 | „01701 218.82 | 9453 | 164.1) 869.1 | .3680 | 1.3313 | 1.6993 
31 | 252.22 | 13.330 | 201702 220.73 | 944.0 | 1647 | 8622 | 3707 | 1.3260 | 1.6967 
32 | 254,05 | 12:940 | „01704 22259 | 942.8 | 1165.4 | 8663 | 3733 | 1.3209 | 116941 
33 | 255.84 | 12.572 | .01705| 224.41 | 9416 | 1166.0 | 864.9 | .3758 | 1.3159 | 1.6017 
34 | 257.58 | 12.226 | 01707) 226,18 | 940.3 | 1166.5 | 863.5 | {3783 | 1:3110 | 116893 
35 | 259.28 | 11.898 | „01708 227.91 | 939.2 | 1167.1 | 862.3 | .3807 | 1.3063 | 1.6870 
36 | 260.95 | 11:588 | 01709 220,60 | 938.0 1167.6) 8610 3831 | 1:3017 | 1.6848 
37 | 262.57 | 11.294 | ТОМ 23125 | 936.9 | 1168.2 | 859.8 | 3854 | 1.2972 | 1.6826. 
38 | 204.16 | 11015 | 0712 232.89 | 935.8 | 1168.7 | 8585) “3876 | 1.2929 | 1.6805 
39 | 265.72 | 10.750 | .07H4| 234.48 | 934.7 | 1169.2 | 857.2 | 5998 | 1.2886 | 1.6784 
40 | 267.25 | 10.408 | „01715 236.03 | 933.7 | 169.7 | 856.1 | .3919 | 1.2844 | 1.6763 
4i | 268.74 | 10.258 | 01716 237.55 | 932,6 | 1170.2 | 85510 | “3940 | 1.2805 | 1.6743 
42 | 270.21 | 10.029 | 01717 239.04.) 931.6 | 1170.7 | 853.8 | 23060 | 1.2764 | 1.6724 
43 | 37 6| 9.80 | 079 240.51 | 930.6 121.1) 8527 | “3980 | 1-2726 16% 
44 | 273.05 | 9.601 | (91720 241.95 | 929.6 | 1171.6 | 851.6 | 4000 | 1.2687 | 1.6687 


1 Abstracted from “Thermodynamic Properties of Steam,” by J. H. Keenan and F. G. 
Keyes, 1030 ed., by permission of the authors and publishers, John Wiley & Sons, Inc. 
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Table i. Properties of Saturated Steam— (Continued) 


| | Sp. vol., cu. ft. | 


Als. | | Entropy 
per ib. Heat of | Latent | Total 
Pre! Temp., ——| the | heat of | heat of چ‎ 
Жл liquid, | evap., | steam, .| [crisi 
a Steam | Water | Вел. | Вал. | Вал. Water | during | Steam. 
| | evap. 
ml t ммм ме | ВИТ | a 
45 | 274.44 | 9,401 | 0.01721] 248.36 | 928:6 | 17 0.4019 | 1.2650 | 1.6669. 
46 | 275.80 | 9.209 | (01722 244.75 | 9277 | 117 4038 | 1.2613 | 1.6652 
47 | 277.13 | 9925 246.12 7 | 14097 | 12577 | 1.6634 
48 | 278.45 | 8.848 7 4075 | 1.2542 | 1.6617 
49 | 279.74 | 86% 4093 | 1:2508 | 1.6601 
50 | 281.01 | 8.515 апо | 1.2474 | 1,6585 
51 | 282.26 | 8.359 4427 | 12442 | 1.6569 
52 | 283.49 | 8.208 4144 | 1.2409 | 1.6353 
53 | 284.70 | 8:062 4161 | 1:2377 | 1,6538 
54 | 285.90 | 7.922 7 4177 | 1.2346 | 1,6323. 
55 | 287.07 | 7.787 117 4103 | 1.2316 | 1.6509 
% | 288.23 | 7:65 | 117 4209 | 1.2285. | 1.6494 
57 | 2937 | 7.529 17 4225 1.2255 | 116480 
58 | 290.50 | 7407 1126.9 4240 | 12226 | 1.6406. 
59 | 291-61 | 7:289 3| 1773 4255 | 1.2197 | 1.6452 
60 | 2271 | 7.125 | 915.5 | 177.6 4270 | 1.2168 | 1 6488 
61 | 293.79 | 7.064 9147 | 1177.9 4285 | 1.2140 | 1,6425 
62 | 294185 | 6:957 | 91319 | 1178.2. 4300 | 1.2112 | 1.6412 
63 | 295.90 | 6:853 98:1 | 1178.5 4914 | 1:2085 | 1.6309 
64 | 296.94 | 6.752 9123 | 178.8 4328 | 1:2059 | 1.6387 
65 | 297.97 | 6.655 91.6 | 129.1 4342 | 1.2032 | 1.6374 
66 | 298.99 | 6.560 | 910.8 | 1179.4 4356 | 1.2006 | 1.6362 
67 | 299.99 | 6.468 | 910.1] 1179.7 4369 | 1:1081 | 1.6350 
68 | 300.98 | 6.378 909.4 | 1180.0 4383 | 1,1955 | 1.6338 
69 | 301.96 | 6.201 | 908.7 | 11803. 4396 | 1.1930 | 1.6326 
70 | 302,92 | 6.206 907.9 | 1180.6 4409 | 1.1906 | 1.6315 
7| | 30388 | 6124 9072 | 1180.8 Т 1 
22 | 304.83 | 604 906,5 | 1181.1 1 1 
28 | 305.76 | 51966 | 905.8 | 1181.3 1 Ц 
74 | 306,68 | 5.890 | 905.1 | 181.6 1 i 
25 | 307.60 | 5.816 9045 | 1181.9 1 1 
76 | 30850 | 5.743 9037 | 1182.1 1 1 
7 | 309.40 | 5.673 903.1 | 11824 1 1 
28 | 310/29 | 5:604 902.4 | 1826 1 | 
29 [31.16 | 5.537 9917 | 1182.8 1 1 
во | 312.03 | 5.472 | 901.1 | 1183.1 | 1 т 
€i | 312189 | 5:408 | 900:4 | 1183.3 | ! 1 
82 | 313.74 | 5.346 | 897 | 1183.5 1 1 
83 | 314.59 | 51285 899.1 | 1183.8 | 1 1 
5,226 898.5 | 1184.0 | 1 1 
е 897.8 | 1184 П 1 
5:1 897.2 | 1185 1 1 
5.055 8965 | 1134 1 1 
5,001 895.9 | 184 1 m 
4.948 895.3 | 185 1 1 
4.896 8947 | 1185 1 1 
485 894 1185, 1 1 
47% 8935 | 1185 т 1 
4747 892.9 | 1185 1 
4.6% | 892.5 | 1186. 
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Tablei. Properties of Saturated Steam—(Continued) 
Sp. vol, cu. ft | | | ] me 
perib. | Hestof | Latent | Total | Internal sus 
| the of 
| | go | Increase 
Steam: || Water | Віл Water | during | ‘Steam 
| стар. 
| | | | 
t ~ uoo ће] Ма Med ма “| sr |Ћат| пар 
324:12 || 4.652 | 'o.orz70| 294:5 | 186.2 | 810.2 | 0,4692 |-1.1326 | 1,6068 
32487 | 4.606 | O] 2 1186.4 | 809.6 | 4702 | 1.1558 | 116060 
325.61 | 4.561 | 101772 | 185:6 | 808.9 | 13711 | 1:1340 | 1.6051 
326,35 | 4.517 | 01772] 2 1186.8 | 808.3 | .472 | 11322 | 1.6043 
327.08 | 4.474 | 101775 1187.0 | 907.7 | 4231 | 1.1304 | 1.6085 
327.8) | 4.432 | .01774) 1187.2 | 807.1 | .4740 | 1.1286 | 1.6026 
329.25 |. 4.350 | 10175 2 1187.5 | 805:9 | 14759 | 1,1251 | 1600 
330.66 | 4221 | 01777] 118779 | 8047 | 3728 | V. 206 |- 1.5094 
33205 | 4.194 | 101978] 118822 | 803.5 | ‚47% | 1:1182 | 15978 
33542 | 4120 | (01780 1188.6 | 802.4 | 4814 | 1,1149 |. 1.5963 
334.77 | 4.049 | „01782 1188.9 | 8012 | „4822 | 1,1117 | 1.5948 
336.11 | 3.981 | 01783, 1189.2 | 800.0 | 4849 | 1.1085 | 1.5034 
337.42 | 3.914 | 01784 1189.5 | 798.9 | 14866 | 1.1053 | 1.5919 
338,72 | 3.850 | 101780 1189.8 | 797,8 | 14883 | 111022 | 1.5905. 
339,99 | 3.788 | 101787 1190.1 | 796,7 | .4900 | 1,0992 | 1.5891 
341,25 | 3728 | 01789 1190.4 | 795.6 | „4016 | 1,0962 | 1.5878. 
342/50 | 3.670 | 070! 1190.7 | 794,5 | :4932 | 110933 | 15865 
34372 | 3.614 | 01792 1190.9 | 2934 | 4948 | 1.0903 | 1.5851 
344.54 | 3.560 | 101795 1191.2 | 702:3 | 14064 | 1.0874 | 1.5838 
346.13 | 3:507 | 01794) 119175 | 791.3 | 14980 | 1,0845 | 115825 
347.32 | 3.455 | 20178 1191.7 | 790.2 | „4995 | 1,0817 | 1.5812 
348.48 | 3.405 | ‘01797 11920 |- 789.2 | 5010 | 1.0790 | 1.5800 
349.64 | 3.357 | 101709 1192.2 | 7882 | 15025 | 110762 | 115787 
350.78 | 3310 | 101800 1192.5 | 787.2 15040 | 110735 | 1,5779 
351191 | 3.264 | :01801 1192.7 | 786.2 | 505% | 1.0709 | 1.5763 
353.02 | 3,220 | 01802] 193.0 |. 785.2 | (5069 | 1,0682 | 1.571 
35112 | А 01804 11932 | 784,3 | 15088 | 110657 | 1.5740 
355.21 | 3.134 | 101805 | 1954 | 2853 :3097.| 1.0691 | 1.5728 
356.29 | 3,094 | 0180 1936 | 7823 | 2511 | 110605 | 1,5716. 
357.36 | 3,054 | 01808 1193.9 | 78:4] 38 | 110580 | 1.5705 
35842| 3.015 | „01509 поют] 7805 | 509 | 1.0556 | 1.5694 
| 359.46 | 2:977 | 101810 1194.3 | 7795 | 15151 | 1:0532 | 15683 
КА 2:90) 101812 11945 | 7285 | 23165 | 10907 | 1.5672 
| 361.52] 2908 | .01815 1194.7 | 777.6 | 19178 | 110483 | 115661 
302/53 | 2,89 | 01814 1194.9 | 776.8 | 519} | 1,0459 | 1.5650) 
363.53 | 2.834 | otsis] 1195.1 | 775.8 | -5204 | 1.0486 | 1.5640. 
364.53 | 2,801 | „087 3 1195.3 | 775.0 | .5216 | 1.0414 | 1.5650 
365.5) | 2.768 | 01818 11955 | 7741 | 52279 | 1.0991 | 1.5620 
306.48 | 2.736 | 1089 1195.7 | 773.2] {324 | 110369 | 1.5600. 
367,45 | 2,705 | `01820] 1195.8 | 772:3 | 15254 | 110346 | 1.5600. 
368.41 | 2.675 | „01822 196,0 | 771.4 | „5266 | 1.0324 | 1.5590 
369.35 | 268 | 01829 1196.2 | 770.5 13278 | 1.0302 | 1.5580. 
370,29 | 2.616 01824 1196,4. | 769.7 | 15290, | 1.0280 | 1.5570, 
371.22 | 2587 | .01825] 1196.5 | 7688 | 15302 | 110259 | 1.5561 
372714 | 2,529 | 01820) 1196.7 |. 767.9 | 15313 | 1.0238 | 1.5551 
373,06 | 2.532 | „01827 196,9] 767.1) „5825 | 1.0217 | 1.5542 
373.96 | 2.505 | 01829) 11970} 7662| 15386 | 1.0106 | 1.5532 
374,86 | 2.479 | 101830 1197.2 | 765,4 | 15348 | 1.0175 | 1.5523 
315.75 | 2.454 | .01851 11973 | 7646 | :5359 | 110158 | 1.5514 
376.64 | 2409 | 101832 119715 | 763.8 15870 | 1,0136 | 1.5506 
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Table 1. Properties of Saturated Steam—(Coneluded) 


Abs. | Entropy 
ress, 
ib. | Temp = 
я Incrense 
during | Steam 
evap, 
190 | 377.51 | 2.404 | 0.01833) 350.79 | 846.8 | 1197.6 1,5497 
192 | 378.38 | 2360 | 201834) 35.72 | 846.1 | 1197.8 1.5468 
194 | 379.24 | 2.356 | 101835) 352.64 | 845.3 | 1197.9. 1.5479 
196 | 380.10 | 2.355 | 101836] 353.55 | 844.5 | 1198.1 1.5470, 
198 | 380.95 |230 | 101838 354% | 863.7 | 1198.2 1:5462 
200 | 381.79 | 2.288 | .01839| 355.36 | 843.0 | 1198.4 1,5453 
205 | 383.86 | 2:234 | 201802) 357.58 | 841.1 | 1198.7 1532 
210 | 385.90 | 2:183 | 018] 359.77 | 839:2 | 1199.0 1,542 
215 | 387.89 | 2.134 | (01847 361.91 | 837.4 | 1199.3 115392 
220 | 389.% | 2.087 | .01850) 364102 | 835.6 | 11996 115372 
| 
225 | 391.79 | 2.0422 | (01852 366.09 | 833.8 | 1199.9 1,5353 
230 | 393.68 | 1.9992 | (01854) 368.13 | 8320 | 1200.1 115334 
255 | 395,54 | 1.9579 | (01857 370.14 | 830.3 | 1200.4 15316 
240 | 397.37 | 1.9183 | (01860) 372.12 | 828.5 | 1200,6 1:5298 
245 | 399.18 | 1.8803 | 01863] 374.08 | 826.8 | 1200.9 1:5280 
| | 
250 | 400.95 | 1.8498 | .01865| 376.00 | 825.1 | 1201.1 1.5263 
260 | 404.42 | 1.7748 | .01870) 379.76 | 821.8 | 1201.5 1:5229 
270 | 407.78 | 1.7107 | 201875 383,42 | 818.5 | 1201.9. 115196 
280 | 411,05 | 1.6511 | .01880) 386.98 | 815.3 | 1202.5. 1.5164 
20 | 414.23 | 139 | 101885 300.46 | 812.1 | 12026 115133 
300 | 417.33 | 1.5493 | 01890] 393.84 | 809.0 | 1202.8 1,5104 
350 | 431.72 | 1.3260 | :01913| 409.69 | 794.2 | 1203.9 14966 
400 | 44.59 | 1.1613 | 0193 | 4240 | 7805 | 12065 14844 
450 | 456.28 | 1.0320 | ‘0195 | 437.2 | 767.4 | 12046 11474 
500 | 467,01 | 01928 | (007 | 449.4 | 755.0 | 1208.4 1.4634 
too | 4621 | (768 | .o201 | 471.6 | 731.6 | 1203.2 EI 
700 | 503.10 | :6554 | 0205 | 491.5 | 709.7 | 1201.2 1,4296 
goo | 518.23 | 23687 | 10200 | 5057 | 688.9 | 1198.6 14153 
900 | $3198 | {5006 | :0212 | 326.6 | 668:8 | 1195.4 1:400 
1000 |5461 | 4456 | 10216 | 542.4 | 649.4 | 1191:8 1.3897 
M00 | 556.31 | „4001 | „0220 | 557.4 | 630.4 | 1187.8 1.3780 
1200 | 567.22 | ‘3619 | 023/517 | 6117 | 11834 13667 
1300 | 577.46 | ‘3093 | 10227 | x54 | 593.2 | 1178.6 1,3558 
1400 | 587.10 | :3012 | 1021 | 5987. | 5742 | 1173.4 13454 
1500 | 596.23] 12766. 1085 61:6 | 556:3 | 1679 13351 
1600 | 604,90 | .2548 | 0239 | 24.1 | 538.0 | 1162.1 1.3249 
1700 | 613.15 | 22954 | :028 | без | 519.6 | 11559 13149 
1800 | 621-05 | 2179 | 10247 | 648.3 | 501.1 | 1149.4 13049 
1900 | 628-58 | :2021 | 10252 | 660.1 | 4824 | 1142.4 1:2949 
2000 | 635.82 | 2188 | 10057 | 671:7 | 463:4 | 1351 1.2849 
| 
2200 | 649.46 | „1625 | 0268 | 694.8 | 4244 | 119.2 1.2646 
2400 | 662.12 | -MOZ | 0280 | 718.4 | 3827 11011 1244 
2600 | 673.94 | .1213| 0295 | 743.0 | 3372 | 10802 1:220 
2800 | 684:99 | 1035 | .0315 | 770.1 | 284.7 | 1054.8 1.1946 
3000 | 695.36 | :0858 | :0946 | 802.5 | 217.8 | 10203 1.1615 
3200 | 705.11 | .0580 | 0444 | 872.4 | 620] 934.4 
32062| 705.40 | 10503 | 27 9 | 927 
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Table 2. Properties of Superheated Steam! 
= в = specific volume, cu. ft. per 1b.; A = total heat, B.t.u. рег Ib.; = = entropy. 


‘Temperature of steam, °F. 


Pressure, 
lb. per =» = - 
wp. | | eee FA | П 
" d | 
| | 400 | 500 | 540 | 560 | 600 | 650 | 700 755 | воо | 850 | 900 
| | | | 
| | 
اا - = ل‎ 
|; | 25.43) 28.46] 31.47 32.97 34.47] ...| 37,46). . 
(227.96) | А |1239.2|1286. 6 
s |1.8396/1-8918 1-9302 964 1.9829) 2.0235 


Е: E 4 1358.6 382.9) BAT 
] 


40. | = [2.628114 16814 778 15 082115688 16.44 17198| — 17.951 18.702 

(267.25) | A [1236 5 1284: 8 1364. 1,1313.8/1333.1/1337.41381.9| 1406.5 (1491.3 

a [P608 мо ваза иза ва ба 9058) 1.9260 (1.9467: 

50 | » |10,065/11 309 11.800 12.044 12.532113 пој 244] 3e us... 

(281-01) | A [1235. 1/1283.9/1303.3/1313.0.1332.5/1356.9/]381.4| — 1406.1 — |1430.9| 

О 1.9017 0.9210 
éo, | | 8,357 9.403] 981410 01910 42710935 1 48] 11.045. [12.449 12.951 13.452 
(292.70 | |1733.61283 01302. 5/1312. 31133181356. 31380.9 1405.6 1430-51455\614808 
E E UL UC O 1.8814 1,501 S294 
во |» | 6.220 7020 7.332| 7.488 7.797 8.180) 8.562| — 8.942 | 9.322 9.700110.079 
(12.03) | A (1230.711281. 1]1300,9]1310, 7) 1330,5]1355.111379.9) 14047 — [1429.7 1454.8 1480.1 
= |1.6791)1.7346]) -7549/1 7646 1 Hal :8063 1.8281 1,8401 |1.8694 1.8889 1.9079 
100 |+ | 4.927) 5.589 5.843) 5.968 6.218] 6.527 6.835] 7141 | 7.446) 7.749) 8.052 
0027.80 | A (1227 61279. 1/1299, 21309-211329. 1|1354.0)1378.9] — 1403.8 — 1428.9 1454.111479.5. 
a |) ie} оваа 28 28 О 1.00 [4.84451863918829 
про | | 4,081] 4.636] 4.049] 495 5.169... |568] 5.940 | 6.195) 6,440] 6.702 
(341-25) | A (1224.4 1217,2 1207,5 1307.6 1322.7/.....]1377.8, — 1402.9 — 1428.11453.411478.8 
s [i Я СЛ а А Aces и SO ais 
140 2 5.301] 5.520] 5.738 
(353.02) | 1457 311452.6 1478.2 
| 1.80631. 8260) 1.841 
160 4.631) 4.823) 5.015 
| 685 1486.4 1451 911477 5 
1.7911 1.8109 1.8301 
180 4.110] 4.281| 4.452 
(373.06) 1425.6/1451_2)1476.8 
1.2716/1.7975 V 167 
200 3.693) 3.848] 4.002 
(381.79) 1424.8 1450.4 1476.2 
[1:2655/1: 28551 мма: 

| 
E 3.352 3.403 3.634 
(389.86) 1424.0 1449.7 1475.5. 
] 1:2545] 1.7746 1.7939 
| | 

240 3.068) 3.198] 3.327 
(397,37) 1423.2 1449.0] 1474.8 


| 1.7444 1.7645 1.7839. 
1 Abstracted from “Thermodynamic Properties of Steam," by J. Н. Keenan and Г. G. 
Keyes, 1038 ed., by permission of the authors and publishers, John Wiley & Sons, Inc. 
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Table 2. Properties of Superheated Steam-— (Continued) 
"Temperature of steam, 
| | (Жа | Ти 
| 400 | 500 | 540 | 560 | 600 | éso 700 | 240 | 260 | & | esp 90 
| | | | | | Е 
| | 2,151] 2.264) 2 319] 2.422 | 2.688 2 791 2.841| 2.942] 3.068) 3.192 
T2255: |i263:4 1285.9 1296.9 1318. 1371.0 1391.7 1402.1 422.7 1448.6 1474.5 
1.5949] I. 6179. 1.6288 1. 649: 1-6989 1-7145 1.7230 T2567 1 7998] 78 
20 |+ | 2,063) 2.172 2.226. 2.330) 2,582] 2.681) 2.729) 2.627| 2.947] 3,067 
(404.42) | & 1262.3 1285.0 (206.0 317 2) 1370.4 1301.2 1401 6 1422.3 448 211474,2 
HE E D 6447| 1.6922 1.7089 1 71851,7352 1,7553 1. 7748 
| | 
ж |» 1.9047] 2.008) 2 059 2 156 2,392) 2,484) 2.530] 2.621] 2.753] 2,845 
ШЕЛ | 160.0 1283. 1 129473 1316.2 1369.4 1380.3 1460.7 1421.511447. 51473,5 
а T5799 воза 1 А 6694 ni 1209122512467. 2062 
39 |» frost, ваза! 9128 2 005 2,221 2.314) 2.357] 2.42, 2.541] 2.652 
(417.33 | А 1257 61281 112925 1314.7] 1368.5) 1389.3 1420. 6/1430.6 1446, 711472.8 
з 1-5701 15841 45 1.6268... Т.6511! 6929 ВА 171841 7387 1,7582. 
39 |» 1.493 [1.7036 ..... |. 8080]1.9732| 2.010] 2.084) 2.124) 2.266 
(81.22 | А 1251.5, 1510.9|. 7: 1365.5] 1586.8 1397 4 1418.5 1444 8 471. 1 
s 1 ا‎ 1.6070]. [16563 16744 1. 6851/T. 7002 1.7206 1.7403. 
| | | 
40 |» 1.2851 1.4770 1.6508! 7177 1.9572 1.8161 I 8968 9767 
(444,59) | А БИЕП 1306.9 7:::: 198227 943/1380, 1416 4 1442 9 0 4 
ИИ ЕТ [1894/68081 i 67H а 7049) 7247 
450 |» 125... |... 13005 |1. 4584/1. 5188/1. 5486 1.6074 1,68001,7516. 
(456.28) | А 1238475. 2:27: [1902.8/: 7:7: 19599] 381. 8/1392.7 1414.3 1481 01467,7 
D 500s ооо 5735]. 7272211 :6250) 6436| 1.6525/ 1.6699] 1. 6908/1. 108 
50 |» 100927... 1.1591 11.3044} 3596 3868 1. 4405/1. 506511. 5715 
(467.01) |А 1231.3] 572: эв. 1557.0 1579.3 1390.3 1412. 11439. 1 1466.0 
г ДА НА cc iss; E611 eid 05 er 
550 |» ОО Int... 1178311. 229 12544 ава 364a 1 424 
(476.94) | A 123.2): | E | 1394.3) 22:7: 1954.0 1376, 7| 1387.8 1409,9 1487.2 1464.3 
ж 1.4751 | 11.5451 | |! 5991 || ы! 6274/1 6452) 1,6665 |1 6868 
600 |" (0.7947 | 0.9463) ...... 1.0732 1.1207 1. 144011, 1809/1 2460] 1.3013. 
(486,2) | À 12/1: 1289 9 2022-21851. 1974 0 1358 311407 21135 2 1462,5 
' АОИ 1.5323 1-5875 | 1.6070 1, 6163) 1.63431 6558] 1.6762. 
70 | | 0.7934 |... 0,9077[0.9498 0.9704 1 0лов | 060011. 1082 
1505.10) | л [1280.6 222: [145,0] 1368,7 13802 1403.2 141 3 14590 
‚| | Језа СОС] 1.506211 GT 1,6366 6825 
est] | | 
ко |)... 0 6779) (0.7833 0.8215 0. 8400 0.8763 (0.9633 
(518.23) |А | 1220.2 |... ::|1338.6/1363. 211375211398. 6. 1455-4 
' О) 1.4863 71711-54261 5684] 1.57891 5972 1.6467 
| 
90 |» зер. [+ [0:5873]....... 0:68630,7215/0.7385 0.7716) 0.8506 
(531.90) А | 1260, | 1352. 111357 511369. 9/1393.9 1451.8 
Ts | 14633 2:21 5208 1.5519) 1.5620 1.5814, 1.6257 
1000 |» | озш) (0.60640. 413 0.6571 0. 6878]... 9.7604 
(544,6) |. A [ines noce 1248.8] 31851.7 1364.4 1389.2 1448.1 
1| 1.4450 1-5365 1.5470) 1.5670 1,6121 
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Table 2. Properties of Superheated Steam— (Concluded) 


‘Temperature of steam, “F. 
| ESI 

| зао | мо | 560 | воо | 650 | 700 | 740 | 760 | 800 | 850 | 900 

| Е o 
no |y | 9.4532 |o. 545 0.5469 0. 5613 0. 6191) lo, 6866 
(556,31) |. osque | 1318,3 1342.7 1356. 1 1384.3 14445 
5 | | овој ЈЕ: 5263 1.5335 1.5095 
1200 | v | о. 0, 52000, 52070 517 0.6250 
(567.22) |. | [1311.0/1339.6/1353.2 1379.3 1440.7 
D | | 14843580 1:50 1.5409 مد‎ 

1400 |o | | 0.40620. 4338/0. 4468/0. 4714|. 0.5281 
LADLE 1295.5/1326.7 1341.3 1391 (1433.1 
vti Mtas 1-4567 1,4862 1.4953 1,5177... 1.5606 
| | 

1600 | v | 0.3417 0.3682 0. 3804/0. 4034) 0.4553 
(604,99) А [1278.7/1313.0/ 1328. 8/1358. 4 1425 3 
1 | | 1.4303 1.4595 1.4725 1.4964 1.5476 
180 | v | | |o 2907 0.3116 0.3284 0.3502]... 0.3986 
(621.03) | № | 1260 3112984 1315. 51347 2 114174 
р | 41436714509 4765 1.5301 


pressures. In the fire-tube boiler, gas passes inside the tubes and the water 
surrounds them. The horizontal-return-tubular (h.r.t.) boiler is the most 
common of this type. The Scotch marine and the locomotive types fall in 
this class, and there are also vertical-fire-tube boilers. 

Water-tube boilers include the following types: straight inclined tubes 
with longitudinal or cross drum; bent tubes with single or multiple steam 
drums; vertical and semivertical tubes with vertical or cross drum; various 
combinations of the foregoing; and boilers with forced circulation. Water- 
tube boilers are adapted to higher pressures and are quicker steun ‘There 
is little difference in efficiency attainable as between types, other things being 
equal, Fire-tube boilers may be supported by the side walls of the setting 
by means of lugs riveted to the shell and resting on rollers, but the preferable 
type of suspension is from an overhead beam by means of buckstays. Water- 
tube boilers are usually suspended from overhead steel work and columns. 

Water Walls, ‘The furnaces of many boilers are protected by water walls 
consisting of closely spaced tubes supplied with water from the boiler cireula- 
tion. The steam generated in them is delivered to the boiler steam drum. 
One or all walls of the furnace may be protected with water walls depending on 
the firing method. 

The purpose of water walls is to permit higher rates of heat release without 
excessive furnace maintenance. ‘They also lower the temperature of the gas 
leaving the furnace and so permit higher ratings before trouble occurs from 
fly ash slagging on the boiler tubes. 

Water walls form an extremely active part of the boiler heating surface, 
often evaporating 100 Ib, of steam per square foot per hour. There are no 
standards for tube spacing, which may vary from 3.5-in. centers with 3}4-in. 
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tubes to wide spacing. Arrangement of the tubes vary with different types of 
boilers and firing methods. 

The tubes forming the walls may be bare (plain or with fins), or protected 
with refractory or cast-iron blocks. In another arrangement studs аге spot- 
welded to the tubes on the fire side and the tubes and studs covered with 
plastic chrome. 

Boiler Rating. Boilers were formerly rated on a horsepower bas 
boiler horsepower being defined as equivalent to the evaporation of 34.5 Ib. 
of water per hour from and at 212°F. On this basis, with the existing prao- 
tice of operating boilers, 10 ва. ft. heating surface was considered equivalent 
to 1 boiler h.p. The practice in later years of employing higher evapora- 
tive rates, and the inclusion of furnace water walls, economizers, and air 
preheatera in the boiler unit, have rendered the term boiler horsepower mean- 
ingles. Boilers are now commonly rated on the thousands of pounds of steam 
they are designed to produce;per hour. А more exact unit of evaporation 
has been defined by the " A.S.M.E. Power Test Codes" in terms of the total 
heat transferred through the heating surfaces per hour. This is taken as 
1000 B.t.u. transferred per hour and is called the kilo B.t.u. (kb.) or, more 
conveniently, for large boilers, 1,000,000 B.t.u. which is called the mega B.t.u. 
(mb. 

Some of the largest single central-station boilers have evaporated 1,250,000 
Ib. steam per hour. These boilers operate at 400 lb. per sq. in. pressure. 
The largest boilers installed in an industrial plant to date (1932) are in the 
Rouge plant of the Ford Motor Co. at Detroit. These are each rated at 
900,000 Ib. steam per hour but have generated over 1,000,000 lb. per hr. 
The largest, high-pressure boiler is at the Logan station of the Appalachian 
Electric Power Co. and is rated at 100,000 Ib. steam per hour at 1425 Ib. per 
ва. in. pressure and 925°Е. 

The trend in both central-station and industrial-plant practice is toward 
fewer and larger boilers. The number of units and their capacities are gov- 
erned by load conditions, Inasmuch as boiler efficiency decreases when 
forcing considerably above rating, it is well to plan the number and size such 
that they will be run for the greater part of the time near the point of maxi- 
mum efficiency. It is usually more economical to handle large peak londs of 
short duration by foreing boiler units above their most efficient rate than to 
ineur the fixed charges on additional boilers. As a rule industrial-plant 
boi 2 


s are not forced to the extent that central-station boilers are; 250 per cent 
is fair practice. 

Boiler Efficiency. This is the ratio of the heat absorbed by the boiler 
per pound of fuel fired to the heat contained in 1 Ih. of fuel and is usually 
applied to the unit аз a whole. The heat absorbed by the boiler is equal to the 
heat in the steam delivered minus the heat in the feed water supplied. If 
the efficiency of the boiler alone is desired, this is the ratio of the hoat absorbed 
by the boiler per pound of fuel fired to the heat actually developed in the 
furnace per pound of fuel. Full instructions for conducting a boiler test and 
computation of results are to be found in the “А.8.М.Е. Power Test Codes." 

Boilers and furnaces are now designed so that the efficiency curve is reln- 
tively flat over a considerable range in output. 

Efficiencies of 90 per cent for a combined boiler unit, including economizer 
and air preheater, have been attained in some of the larger central-station 
installations, and sustained efficiencies of 85 to 88 per cent for monthly periods 
are common. For industrial-plant boilers, sustained efficiencies of about 80 
per cent are considered excellent performances owiug to the use of smaller 
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Units and less favorable load conditions. When burning natural gas, the 
efficiency will be from 2 to 4 per cent lower than that with coal, owing to the 
hydrogen of the gas forming water vapor. 

Waste-heat Boilers. These are not to be confused with direct-fired 
boilers burning waste fuels such as hog fuel, sawdust, and refinery wastes, all of 
Which, with certain modifications in furnace design, follow the practice in 
coal or oil-fired boilers.  Waste-heat boilers, as here discussed, refer to those 
utilizing waste gas from industrial processes such as steel mills, cement mills, 
glass works, and metal refineries. 

In contrast to the fuel-fired boiler the waste-heat boiler utilizes the heat 
of convection only, there being no radiant heat. Moreover, the entrance-gas 
temperatures are lower, Because 
of these facts the waste-heat boil- 
ог must be designed to handle 
large volumes of relatively low- 
temperature gas and the rate of 
heat transfer through the tubes 
must be much greater than in the 
direct-fired type. This requires 
higher gas velocities and greater 
draft loss. Induced draft is usu- 
ally employed und economizers 
are comm ‘The exit-gas tem- 
peratures ordinarily are reduced Galeri 
io 400° ог 50097, А waste-heat damperi 
boiler is seldom operated above 
rating. ‘The illustration (Fig. 6) 
shows a typical waste-heat boiler 
for a cement mill. Owing to the 
fact that the gas is likely to соп- 
tain much dust, the boiler must be Fra. 6.—Vertical-type waste-heat boil 
плод for easy cleaning, 

Waste-gas temperatures usually range from 10009 to 2000°F. the lower 
part of the range applying to gas from steel mills, cement kilns, and glass 
works and the higher temperatures to gas from metal refining. In cement 
mills the каз temperatures are higher with the dry process than with the wet, 
process of manufacture. In steel mills the waste heat available for power 
generation averages about 200 kw.-hr. per ton of ingots or about two-thirds 
of the total power required. In cement mills, about 24 kw.-hr. are producible 
from each barrel of clinker burned per day. 

Standards for the construction of stationary steam boilers аге defined by 
the A.8,M.E, Boiler Code," At the end of 1940, this code had been officially 
adopted by the states of New York, New Jersey, Pennsylvania, Delawa 
Maryland, Michigan, Ohio, Indiana, Wisconsin, Minnesota, Miasou 
Washington, Oregon, California, Utah, Oklahoma, Arkansas, Rhode Island, 
and the Distriet of Columbia; also Hawsii aud the Canal Zone, Maine, 
Massachusetts, North Carolina, Texas, and West Virginia. 

Boiler Furnaces, Гог low nnd moderate rates of firing, solid refractory 
furnaces will give satisfactory results. For higher rates of firing, air-cooled 
walls or water walls are used to decrease maintenance. Heat release per 
cubic foot of furnace volume may be used аз а rough guide in determining 
proper furnace size. The following table shows the range in heat release 
values now in use with various methods of firing and fuels used. 


|,fconomizer. 
inlet 
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Furnace Heat Release 


| Heat release, Bit. per cu. ft; 
per hr. 


All-refractory 
furnace 


Complete water- 


| 
Method of firing | 
| wall furnace 


Pulverized goal, 15% СО: 
Illinois coul 
Eastern bituminous ooa 


12,000-15,000 | 20,000-35,000 
20.000-22.000 | 25,000-35,000 
Underfeed stoker. 35.000-35.000. | 30,000-42,000 
Chain or traveling grate'stckor. 15,000-25000 | 30000-45000 


5 9 | 
| 
ой | 20,000-30,000 | 30;000- 50,000 


From Power, September, 1035. 


Boiler furnaces should be capable of sustaining the maximum continuous 
combustion rate, with the desired excess air, without excessively slagging the 
furnace walls or boiler tubes. Experience indicates this can be accomplished 
by designing the furnace so that the temperature of the ash particles entering 
the boiler-tube bank is not above the 
ash fusion point. Factors determining 
exit furnace temperature, and hence 


U, 


Ft Exposed 
> 
5 
8 


ash-particle temperature, are amount. 3% 360 < 
of water-cooled surface exposed to +S Li 
furnace radiation, heat release, furnace ST 320 He К-Ы АГ 
volume, and excess air. Heat release Я „ар Ге: ЈУ 
per square foot of cold surface exposed ЫТ 
to the furnace is a ratio used in de- ®ğ 240 
termining furnace-exit temperature. B 
Curves, such as in Fig. 7, use this ratio РЫ 200 
together with excess air, as indicated by SË ico 
CÓ, to find exit-furnace temperature, ‘2a 
helpful in furnace design. ‘Sy 
and are very help . 58 120 
29 
Economizers 58 80 
An economizer is essentially a feed- $L 4o; 
water heater placed just beyond the +. S95888258 
boiler to extract heat from the flue gases 55 базе: Bes 
and thus reduce the stack loss. It T 


Furnace Exit Temperature 


consists of headers and groups of tubes, 
through which the boiler feed water is, ® 

temperature of gas 
forced and over which the hotguspas- furnace: (From Power, September, 1035.) 
ex. The economizers may be integral 
with the boiler and placed inside the boiler setting, or they may be separate 
units, each with its own casing. Formerly they were invariably constructed 
of cast iron to resist corrosion better, but the advent of higher pressures has 
brought about the use of steel. They are of advantage in plants where an 
insufficient quantity of exhaust steam is available for feed-water heating as 
when the auxiliaries are motor driven; also where fuel costs are high so that 
saving with them will more than offset the additional investment charges 
‘The economizer surface costa less than high-pressure boiler surface and hence 
is generally used to reduce the flue-gas temperature to, a desirable value. 
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For every 10° to 11°F. increase in feed-water temperature obtained by decrens- 
ing the flue-gas temperature, there results an increase of about 1 per cent in 
boiler efficiency. The economizer surface employed varies from 0.2 to 2 sq. 
Tt. per sq. ft. of boiler surface. In the larger units sufficient heat is absorbed 
to generate steam in the economizer. Generally, induced draft is necessary 
where economizers are employed, to permit high ratings without incurring 
excessive furnace pressure from the forced draft, 


Air Preheaters 

"These are placed beyond the boilers to extract heat from the flue gases to 
preheat air for combustion. They may be used with or without economizers; 
in the former case they are placed after the economizer. Three different 
types of air preheaters are in use, namely, the plate, tubular, and regenera- 
tive types. In the first-named type, a series of plates are bolted together 
with proper spacing, so that air and gas puss through alternate spaces in a 
counterflow direction. Та the tubular type, the gases pass through, and the 
air over, the tubes. In the regenerative type, the gas and air alternately 
pass over the same plates, so that the heat absorbed by the plates from the hot 
gases is given up to the air in the second part of the cycle. This is aecom- 
plished in one form of preheater by the use of rotating elements and in another 
iypé by a series of valves that open and close, first admitting gas, then air. 
Where a high-sulfur coal is used, difficulty from corrosion of the plates is 
sometimes encountered if the temperature of the flue gases is reduced below 
the dewpoint. This is often noticeable in stoker-fired boilers, where the 
boilers аге banked for considerable periods. With the wider application of 
pulverized-coal firing, the use of preheated air has become popular. Ii із 
alao used to some extent with stokers. Except where the stoker is built 
especially for high preheat, it is seldom advisable to employ much over 350°F, 
although over 600° has recently been employed satisfactorily with a stoke 
designed to handle such temperatures. With pulverizers these higher tempera- 
tures ure frequently employed. Roughly, for every 35° to 40°F, drop in flue- 
kus temperature caused by heating air for combustion, there is a gain of 1 per 
cent in efficiency. In addition, preheated air improves combustion. As with 
economizers, air preheaters usually require induced draft fans, and also forced- 
draft fans are required. 


Draft 

The term draft as applied to boiler practice is the pressure difference 
which produces the flow of air and gas through the boiler. It is measured in 
inches of water. 

Natural draft is that produced by the chimney or stack alone and is 
produced by the difference in weights of the column of hot gas within the 
stack and an equal column of outside air. Ап equation for determining the 
height and diameter of stack with natural draft, as given by Mingle (Power, 
Mar, 8, 1981), is as follow 


H 


aud 
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eight of stack above the grate, ft. 

minimum internal diameter, ft. 

required draft or sum of various losses of draft; (including loss due 
to velocity) throughout the boiler setting exclusive of the stack 
itself, in. water, 


By = atmospheric pressure corresponding to altitude, in. Hg. 
Wo = density of atmosphere at °F. and sea level, Ib. per cu. ft. 
We = density of chimney gases at °F. and sea level, Ib. per сц. it. 


atmospheric temperature, °F. abs. 
chimney gas temperature, °F. abs. 

coefficient of friction 

quantity of gas flowing, Ib. per sec. 

gas velocity, ft. per sec. 

Table 3 by the same author is for determining economical sizes of natural 
draft chimneys for various quantities of gas handled and the required draft 
intensities at the breeching entrance based on assumed operating factors of 
62°F. atmospheric temperature, 500*F. stack-gas temperature, sea-level 
atmospheric conditions, coefficient of friction of 0.016, and flue-gas density 
of 0.09 Ib. per cu. ft. at O°F. and sea level. 

Forced draft is the creation, by means of a fan or blower, of a ро 
pressure greater than that of the atmosphere, under the fuel bed. Wi 
pulverized coal, the primary, and both the primary and the secondary air 
if preheaters are used, are supplied under forced draft, but sufficient induced 
draft is usually provided to maintain а slightly negative pressure within the 
furnace. 

In small installations, steam-jet blowers are sometimes employed to force 
the air through the fuel bed. Steam jets are sometimes employed above the 
fire to produce turbulence and assist in smoke abatement, 

Induced draft is the creation of a suction or negative pressure within the 
boiler Бу a fan located in the path of the flue gus. ‘The induced-draft fan, 
because of the temperature of the gas handled and its subsequent. greater 
volume, must be larger than the forced-draft fan. (For fa: 
see section on Forced and Induced Draft Fans under Auxiliaries, рр. 2485 
and 2486.) 

Where boilers are operated at relatively low rates, the stack will usually 
provide sufficient draft, but where high rates of combustion are desired or 
when economizers or air preheaters are used, or the stack is of restricted 
height, it becomes necessary to employ either forced or induced draft, or both, 
to pass the necessary air through the fuel bed and remove the products of 
combustion. Where the smaller sizes of anthracite are burned, or where а. 
thick fire with bituminous coal is carried on a stoker, forced draft is necessary. 
It is the usual practice, when forced draft is used, so to regulate the pressure 
that there is a balanced pressure in the furnace or a slight suction above the 
fuel bed. 

Several systems of combustion control are now in successful use in which the 
supply of fuel, air, and boiler feed water is automatically controlled to meet, 
the steam demands upon the boiler. 


Stokers 

Stokers may be classified as follows: hand or semiautomatic; traveling or 
chain grate, with natural or forced draft; overfeed ој the front or side-feed und 
spreader types; underfeed single- or multiple-retort type. 
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Table3. Table of Economical Sizes for Natural-draft Chimneys 
Based on: 62°F. atmospheric temperature, 500°Р. chimney gas temperature, 0.08 
chimney gas density, 0.016 coefficient of friction, sea level elevation, 


Required draft at breeshing entrance, In. water 
Amount of ges | 0,4 | 0,5 | 0.6 | 0.7 | 0.8 |o» | 1.0 [1.1 | 2 | i | v [1.5 
Feonomical size of chimney height and diameter, ft. 
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71507 190 
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6. 5 = 
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1 EA һем 
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LEN E EA le 
| 150 | 170 | 190 310 
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150 | 170 | 190 | 219 | 2: 290 | 310 
8.5 | 8.5 | 8.5 | 8.5 | 8. 8.5 | 8.5 
| 170 | 190 | 210 | 2 200 | 310 
‚ |90| 9.0 | 9.0 | 9. 3.0 | 9.0 
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TI | oe 230 290 
ум Ж Es] 9-5 | 9.5 | 9.5 | 9.5 9.5 
= Сл 190 | 210 | 230 200 
|... 10.0 [10.0 10.0 10.0 10.0 
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10.5 10.5 10.5 10.5 10. 
170] 190 20 | 200 
2 [0-5 [10.5 10.5 10.5 .5 105 | 
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: : =| [55 ји 1155 11.5 
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190 zi 
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Traveling or chain-grate stokers, with natural or forced draft, depending 
upon load conditions, are extensively used to burn Midwestern bituminous 
coals. These coals are free burning and generally high in ash, which has a 
low fusing temperature. The fuel bed must not be agitated. It is possible 
to burn Eastern bituminous coal of the eoking variety on these stokers, if 
they are provided with agitating plates, Anthracite and coke breeze usually 
require the traveling grate stoker with forced draft, whereas this type, with 
or without forced draft, may be used to burn subbituminous coal or lignite, 

Overfeed spreader stokers are used more extensively than formerly in 
some sections and are adapted to a wide variety of bituminous coals. They 
operate to best advantage when fired with 1 to 35 in. screenings or slack. 
They require ignition arches to ignite and coke the coal. They are suitable 
for combustion rates up to 35 lb, per sq. ft. grate urea per hour. One design 
of inclined overfeed stoker has been used to burn anthracite, They ure seldom 
employed under boilers of over 6000 sq. ft. of heating surface, as they cannot 
he forced to such high rates of combustion as the underfeed type, and when 
forced are likely to produce objectionable smoke and also cause excessi 
sifting into the ashpit. 

Underfeed stokers are used more than any other type in burning Eastern 
bituminous coal of the low-ash coking variety, inasmuch as the underfeed 
mechanism keeps the fuel bed broken up. With forced draft they are capable 
of high overload and do not. produce excessive smoke, This type of stoker 
has more lately been employed to some extent with high-ash coals and with 
mixtures of bituminous coal and coke breeze or culm. However, where the 
ash runs to 20 per cent or more, the traveling grate must be used. Large 
stokers of the underfeed type are usually provided with a clinker grinder 
at the rear end, and recent designs have also been provided with ashpit and 
clinker grinders submerged. Combustion rates as high as 75 Ib. of coal 
per square foot of grate surface per hour have been obtained whon the air is 
automatically metered to the various zones of the stoker, but 40 to 50 Ib. is 
generally the practice except on peak loads for short periods. 


Pulverized Coal* 


о systems of pulverized-coal burning are in vogue, namely! (1) the 
which the coal, after being crushed, is dried, pulverized, 
and stored in а bin to be conveyed to the burners as required; and (2) the 
unit or direct-firing system in which the drying and pulverizing are accom- 
plished in the mill, which feeds directly to the furnace. The storage system 
has been used only in large plants, and even there has given way 10 the unit 
system. 

Mills used for pulverizing coal include roller, bowl, ball-ring, impact, and 
ball-milltypes.t Fineness of grinding is important and is determined by run- 
ning а sample through a series of screens and obtaining the percentage going 
through each. Screen sizes usually employed include 200, 100, 50, or 40 mesh. 
Low-volatile coal must be pulverized to a finer degree than high-volatile coal. 
"Thus, a good fineness for low-volatile coal is 80 per cent through 200-mesh, 05 
per cent through 100-megh, and 99.5 per cent through 50-mesh sereen, and for 
high-volatile coal 65 per cent through 200-mesh, 90 per cent through 100-mesh, 
and 99 per cent through 50-mezh screen. It is more important that the 
percentage on а 50-mesh screen be low than to have a high percentage through 
а 200-mesh screen, 

* See Fuels section, рр. 2323-2430, 

+ See See, 16 


T 
storage system, 
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The power consumed in crushing, pulverizing, and conveying the coal to the 
burner will range from 15 to 35 kw. hr. per ton, depending on the system, type 
of mill, and character of the coal. 

Although pulverizing is confined largely to bituminous coal, it is applied suc- 
cessfully to lignite, and, in a few instances, to anthracite in favored localities 
where the low cost of culm offsets the increased pulverizing and maintenance 
costs. About 35 kw.-hr. per ton is consumed in pulverizing anthracite com- 
pared with 5 to 7 kw.-hr. with bituminous. 


Relative Advantages of Stokers and Pulverized Coal. It is impossible 
to make any general statement as to which method of firing is the better, as 
local conditions will govern in every case. The efficiencies obtainable with 
either are comparable. Certain coals will give better results with stokers, 
Whereas pulverizers offer greater flexibility in operation. The banking losses 
are likely to be less with pulverized coal, but the power consumption is some- 


what grenter. The pulverized coal can be burned with less excess air, but in 
sections where the fly ash escaping from the stack is likely to become a nui- 
Sance; it may be necessary to go to the expense of installing ash-recovery 
equipment. On the other hand, the maintenance on stokers ів usually higher 
than on pulverized-coal equipment. . Higher heat relenses per cubic foot of 
furnace volume are obtainable with stokers than with pulverized coal, but 
while high preheat has been employed with stokers, it is more general with 
pulverized сові, 

Data collected yearly by Power on utility and industrial plants show that 
from September, 1937, to December, 1938, 81 utility plants were installed with 
pulverized-conl firing, 26 with stoker firing, 14 with oil firing, 6 with gas fring, 
11 combined pulverized coal, oil, and gas, and 9 combined oil and gas firing. 
During the same period 66 industrial plants installed pulverized-coal equip- 
ment, 48 installed stokors, 22 installed oil burners, 4 gas burners, 12 combined 
pulverized coal and oil, 5 installed combination pulverized-coal and gas equip- 
ment, and 13 combined oil and gas. 


Oil Burning* 


Because of the excess production of crude ой and improvement їп oil- 
burning equipment, fuel oil has become в strong competitor of coal at low 
prices in many sections of the country. Many of the plants that have changed 
over to oil have done во without removal of the coal-burning equipment, thus 
making it possible to take full advantage of periodic fluctiations in fuel prices 
and providing the owner with the means of bargaining in the fuel market. 
Furnaces designed for burning pulverized coal are well adapted’ to burning 
oll; in fact the two fuels may be burned simultaneously or the change-over 
made while the boiler is under steam. То change from stoker to oil firing it is 
necessary either to remove parts of the stoker or to floor over the operating 
mechanism 

Combination burners, capable of burning pulverized eoal or соке, gas, and 
óil, either separately or together, are now being extensively used. 

‘Three types of oil burners are now in common use, namely, the steam- 
atomizing, mechanical-atomizing, and rotary-eup types. The former is 
employed generally with the heavier fuel oils and with refinery wastes. 
About 2 per cent of the steam output of the boiler is required for atomization. 
Therefore, where it is necessary to keep the make-up water to a minimum, 
Mechanical atomization has some advantage. With the latter the steam 


+ See р. 2352. 
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required for heating and pumpitig the oil will, under favorable conditions, be 
about 1 per cent of the boiler output, 

"The temperature to which the oil must be heated will depend upon its 
viscosity. Heavy oils will generally require heating up to 100° or 10°F. for 
pumping and then to 150° to 220°F. in closed heaters for mechanical atomiza- 
tion. "he oil should be heated no higher than is necessary to reduce the 
viscosity to about 15 sec. Saybolt-Furol. With mechanical atomization the 
pressure may range anywhere up to 300 lb. per ва. in., depending upon the oil. 

‘The heating value of fuel oil averages about 18,500 B.t.u. per lb., and in 
stationary-plant practice heat releases of from 35,000 to 50,000 B.t.u. per 
eu. ft. of furnace volume are practical where water-cooled walls ure employed. 

No general comparisons can be made between oil and coal as many factors, 
influenced by local conditions, determine the ultimate economies: On а heat- 
content basis, а very rough rule that is sometimes employed is to consider 
that the price of oil, in cents per gallon, should be one-half that of coal in 
dollars per ton, to make the two equivalent, However, the cost of fuel 
handling, investment costs, banking losses, cost of handling ashes with coal, 
the problem of у ash with pulverized coal in certain localities, and the steam 
required for heating, pumping, and atomizing with oil are all factors that 
must be considered in the final analysis. Boiler efficiencies with coal and oil 
are comparable, the loss due to the latent heat of the water vapor in the pro- 
ducts of combustion resulting from the hydrogen content of the ой being 
offset by ashpit or stack losses with coal. Ой сап be burned with low excess 
air (from 15 to 20 per cent), and because of the ense of control а close regula- 
tion of superheat їз possible. 
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Boiler Feed-water Treatment 

No definite rules can be given for the treatment of boiler feed water, as the 
analysis of the water and the operating conditions will dictate the treatment 
in the individual case. 

Feed-water treatment may be broadly considered in two classes, namely, 
internal and external, In the fornier, chemicals are introduced into the boiler 
to inhibit corrosion, prevent seale formation, or, where sodium sults are 
employed, to convert calcium and magnesium sulfates into soluble sodium 
sulfates and. precipitate the calcium and magnesium in a form that can be 
easily removed by blowing down. 

Та the external treatment of feed water, chemical reagents are applied 
in a softening tank which may be of the continuous or intermittent type. 
Jontinuous softeners are of either the cold- ог the hot-process type, The 
latter combines the function of feed-water heater and softener in which the 
scale-forming solids are removed partly through chemical reaction and partly 
as в result of heat. 

Another external method of treating feed water is by the use of zeolites, 
which have the property of removing calcium and magnesium from the 
Water ва it is passes through the bed of zeolite and replacing with sodium. 
"The zeolite is regenerated, after it has been depleted of sodium, by treating 
with a solution of common salt. 

The adoption of high steam pressures and high rates of forcing boilers has 
been responsible for an increased use of evaporators to provide pure feed 
water, These may be of the submerged-tube, film, or flash iypes and designed 
for single, double-, triple-, ог quadruple-eifect operation. They may be 
supplied with live, bled, or exhaust steam, 
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Recognition of the fact that gases dissolved in water will cause corrosion 
has led to the frequent use of deaerators. These may be of the mechanical 
or the chemical type. In one design of the mechanical type, preheated water 
is partly flashed into steam as it enters a vacuum chamber or condenser 
and the gases are thus released from the water. In the chemical type, oxygen 
is removed from the water by a reagent. 

Embrittlement is а term applied to intererystalline cracking of boiler steel 
below the water line and is produced Бу solutions which attack the grain 
boundaries, Much controversy has existed as to its cause and it has been the. 
subject of much research, It was long believed that embrittlement, was 
caused by the action of caustic soda (sodium hydroxide) solutions in the 
Presence of sodium silicate on boiler steel in which initial stresses had been set 
up due to processing or due to distortion at operating temperatures. These 
salts build up to the necessary concentration, which is many times that found 
in boiler waters, in drum seams, and other crevices. Early investigations 
indicated that embrittlement was inhibited by maintaining specific sulfate- 
carbonate ratios. As a result the American Society of Mechanical Engineers 
recommended that the following relation between sodium sulfate and total 
alkalinity be maintained in the boiler water for various steam pressures: 


| Sodium | Total sodium hydroxide and 
lean pressure, persi | Satan | carbonate alta clt 
ы | to equivalent sodium carbonate 


0-150, 
150-250. 


250 and over. 


More recent investigations, however, have shown that sulfates cannot be 

entirely depended upon to inhibit embrittlement in high-pressure boilers, 
that sodium nitrate or dilute nitric acid solutions have an action similar to 
jum hydroxide, and that embrittlement may be produced by sodium 
'droxide in solutions containing other substances than silica. 
Work by the Bureau of Mines Experiment Station at the University of 
Maryland (reported in papers by Schroeder, Berk, and O'Brien in Trans. 
Am. Soc, Mech. Engrs.) disclosed among other things that concentrated sulfite 
waste liquors, lignin sulfonate, Philippine сшећ, and quebracho did prevent, 
embrittlement even when a very high stress was applied at high temperatures 
and in the presence of high sodium silicate or high sodium hydroxide con- 
centrations. It was also found that sodium phosphate does not prevent, 
embrittlement unless the sodium silicate-sodium hydroxide ratio is well 
below that existing in most feed waters. The Bureau of Mines has developed 
an embrittlement detector which indicates whether the nature of the boiler 
water is likely to cause embrittlement. 

Welded drums or drums having seams caulked on the inside only give less 
trouble from embrittlement, as the only places for high concentrations of salts 
to build up is where he boiler tubes are rolled into the drum and at other 
connections. 

Priming of a boiler may be defined as the discharge of slugs of water with 
the steam caused by the violent bursting of steam bubbles. It is usually 
caused by insufficient, steam-disengaging space in the drum at high rates of 
evaporation, by carrying too high a water level, or by cutting in a boiler too 
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rapidly. High concentrations of salts and suspended matter are also believed 
to exert an influence. i 


Foaming is the existence of foam or froth on the surface of the-water. It 
is generally conceded to result from high concentrations of soluble salts and 
finely divided suspended matter, and is related to the surface tension. Where 
foaming is noted, treatment of the water should receive consideration. 

Under certain conditions both priming and foaming may oceur. | ‘They 
may be controlled by giving attention to the amount of suspended matter and 
soluble salts in the boiler water, by mechanical purification of the steam, by 
the use of antifoaming compounds, and by controlling the water level and 
the rate of evaporation. 

Carry-over of solids with the steam to turbines has been troublesome 
jm many high-pressure plants, beeause the solids accumulate on the turbine 
blading and reduce ability to carry load. Where the accumulutions are soft 
they may be washed off by passing wet steam through the turbine but where 
they are hard they must be removed by mechanical means. 

To prevent carry-over of solids, various devices, placed in the boiler drum, 
have been developed for removing moisture from the steam before it leaves the 
boiler. A more recent development is the steam washer, This device washes 
the steam with feed water that has a lower concentration of solids than the 
water in the boiler drum. Washing dilutes the concentration of solids in the 
water entrained by the steam. ‘The washed steam is then dried by various 
means. Steam washers are said to reduce the solids delivered by the steam to 
14 p.p.m. and moisture to 14 per cent 


PRIME MOVERS 
For the industrial power plant, there is available a wide variety of prime 
movers, These may be broadly classified under steam engines, steam tur- 
bines, internal-combustion engines, and water turbines. Which of these 
broad types may be selected for the industrial plant depends largely on such 
basic considerations as the location of the plant with respect to water power 
or fuel supply, whether or not steam is required in a manufacturing proc 

and the size of the plant under consideration. 


Steam Engines 

То the casual observer, it may appear that the steam engine as a prime 
mover has been replaced by the steam turbine. This is largely truo as fur 
as utility power plants are concerned where size of the unit makes the use 
of a steam engine impractical. In the industrial plant, and for buildings 
however, where the units are smaller, the steam engine still is nn attructiv 
prime mover. 

Steam engines ате classified according to the number and arrangement 
of the cylinders, the type of valve gear, and the speed at which they operate. 
Tn the larger sizes, the engine is usually compounded, i.e., the expansion of 
the steam is made to take place in two or more cylinders. There are three 
more common arrangements of doing this, namely, the tandem-compound, 
cross-compound, and vertical types. In а tandem-compound engine, 
the cylinders are arranged in a straight line, the piston rod being common 
to both cylinders and the total force transmitted through one connecting 
rod. The cross-compound engine has cylinders, arranged side by side, 
each cylinder having a separate piston rod, connecting rod, and eran. 

‘There are many types of valve mechanisms, but most of them will fall under 
one of the following more important types: (а) slide valve, (b) Corliss, (c) 
non-releasing Corliss, and (7) Unaflow. 
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Slide-valve Engine. This is the most elementary and simplest typo 
of steam engine. A single eccentric-driven valve is arranged so that it c 
trols the admission of steam into the cylinder, closes to stop the admission 
of steam during expansion, opens again to allow the steam to exhaust from 
the cylinder, and closes during compression. This type of valve has various 
features that make its use undesirable for prime-mover engines, It is, how- 
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Fio. 8.—General assembly of releasing Corliss valve gear, 


ever, used on engines for driving auxiliaries. Опе of the main faults of this 
slide-valve engine-is that the same port is used for live steam entering the 
cylinder, after it has been cooled by exhaust steam leaving the cylinder, 

b, Corliss Engine. ‘This is one of the early types to adopt.the use of sepa- 
vate valves for controlling live and exhaust steam, and is illustrated in Fig. 8. 
This type of engine has four cylindrical valves that are oscillated in seats 
or chambers. The two upper valves on top of the cylinder control the admis- 
sion of live steam, and the two valves at the ' 
bottom of the cylinder control exhaust and 
compression. The eccentric which is keyed 
to the crank shaft moves the eccentric rod 
back and forth as the crank shaft rotates, and 
this in turn oscillates the rocker arm. This 
rocker arm is pivoted through a shaft or pin 
on the same pedestal. At the upper end of 
the rocker arm is connected the reach rod 
nich moves back and forth, and being con- 
nected to the wrist plate at the other end 
causes the latter, which is pivoted to a pin, to ти ө 
oscillate through a considerable angle. То Fle. 9.—Cross section of Unaflow 
the wristplate are fastened four links, two ERP Kinda, 
actuating the exhaust valve and the other two moving the admission valves. 

The valves fit into bored recesses at tho ends of the cylinders. As they 
rook back and forth in their circular seats, the two ends of the cylinder are 
alternately placed in communication with the steam supply and the exhaust 
pipe. Placing the valves at the corner of the cylinders permits short passages 
to be used, and by giving separate passageways for the live steam and exhaust 
steam, cylinder condensation is reduced. The use of four oscillating valves, 
and the method of detaching the steam valves allowing them to close rapidly 
by the use of dashpots, constitute the chief feature of the Corliss engine, 

d. The Unaflow Engine. The main feature of the Unaflow engine is that 
exhaust takes place through special ports placed around the middle of the 
cylinder. The piston acts as an exhaust valve uncovering the port as it nears 


reversed; decrensed cylinder condensation resulta. 
It has been almost universal practice to use 
double-seat poppet valves on Unaflow engines. 
The poppet valve is necessary if highly super- 
heated steam is used, for slide and other type 
valves have a tendency to warp at high tempera- 
tures. However, the double-seat poppet valve is 
not entirely free from defect. The expansion of 
the valve and the cylinder casting carrying two 
valve seats is never the same. If the valve is tight 
at one temperature, raising or lowering the steam 
pressure or superheat may cause the valve to ex- 
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the end of the stroke. With this arrangement the flow of steam ia not 


Fro. 10.—Double-sest. pop- 


pet valve, 


pand either more or less than does the casting, and as а result the valve will 


leak. То eliminate this diffi- 


culty, many designs of double- 


seat valves are used, such as 
valves with flexible seats, flexi- 
ble valves, expanding valves, 


igure 0 is a cross section of a 
Unaflow engine showing the lo- 
cation of the exhaust port and 
the valve-operating mechanism. 
This particular engine is de- 
signed for non-condensing oper- 


ation and is equipped with 
auxiliary exhaust valves oper- 


2 


ated by a separate eccentric. 


The stern valê (Fg: 10) is 1L—ldeal or perfect indicator card of a 
of the double-seat design. To ^ Зоо sitam engins, x 


eliminate leakage resulting from 


unequal expansion of the valve and cylinder heads, the top portion of the valve 
is separated from the valve body and is held down by spring tension. The 


expansion rings prevent steam leal 
age between the two parts, Any in- 
equality of expansion of the valve 
and seats is compensated for by a 
slight displacement of the upper part 
of the valye with respect to the valve 
body. The steam valves are opened 
by a bell crank, which carries a roller 
contaeting with the cam (Fig. 9) in 
the rocker. This rocker is moved 
through a reach rod and rocker by the 
governor-controlled eccentri 

Steam-engine Performance 
Indicator Diagrams. Much can 


A © 


ЛЕГЕ SDT ET 


be told about the performance of а Fio, 12.—Indicator card from a non-con- 
steam engine from a study of dia- densing steam engine, 


grams made by a steam-engine indi- 


cator, а device that records the pressure existing in the cylinder of an 


engine for all positions of the piston. 
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"The indicator diagram, as it is called, will show whether the engine valves 
have been properly adjusted; and from various data obtained from it and the 
engine, at the time the diagram is made, indi- 
cated horsepower can be calculated and an esti- 
mate of steam consumption made. 

Figure 11 is the ideal or perfect indicator dia- 
gram, while Fig. 12 is one obtained from an 
engine whose valves are properly adjusted. The 0 
four valve events are indicated: (1) steam is ad- Ao їй м 160180. 20) 
mitted to the cylinder at A, (2) cut-off takes place Initial Steam Pressure per Sg In. 
at С, (3) the exhaust valve opens at R and (4) Fie, 13.—Steam, consump: 
closes for compression at К. tion of 400i.b.p. horizontal Un- 

Indicated horsepower of a steam engine is the fow engine. (Marks 
power delivered by the steam to the piston of mical Engineers! Handbook.) 
the engine. It may be calculated from. the indicator diagram from the 
equatio: 


plion 


2 Ubper LHe 


энкав ме» 


Steam Consum 


PLAN 
000 
where P is the mean effective pressure in pounds per square inch, L the stroko 


in feet, А the area of the piston in square inches, N the number of strokes per 
minute and 33,000 is, by definition, the foot-pounds per minute in 1 hp, 
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Fig, 14—Steam con- Steam consumption of Core. 


sumption of high-speed Jiss engines, 
and four-valve engines, 
simple and compound. 

The mean effective pressure is obtained from the indicator diagram. Ия 
area is first found by means of а planimeter. By dividing the area by the 
length of the diagram the average height is found. This, multiplied by the 
scale of the spring with which the diagram was taken, will give the mean 
effective pressure. 

Although the steam consumption can be estimated from the indicator 
diagram, jt is not recommended, as the result is apt to be in error by 15 to 
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20 per cent. Steam consumption is best determined either by inensuring ог 
weighing the condensed exhaust, or by using a flow meter in the stenm-supply 
main. 

Steam Consumption, The power obtainable from a given rate of steam 
flow varies greatly with the size and type of engine, initial steam pressure 
and temperature, exhaust pressure, and ratio of expansion, 

"The steam-consumption curves (Fig. 18) may be taken as typical of steam 
rates obtainable from Unaflow engines of about 400 hp. capacity. ‘These 
curves show the effect of both initial pressure and superheat on steam rates. 
Figures 14 and 15 give typical steam-consumption curves for simple, com- 
pound, and Corliss engines. 

Ideally, the increase in engine efficiency is nearly proportional to the amount 
of superheat. In practice, superheat is justified because of reduction in 
cylinder condensation rather than on thermodynamic grounds, Cylinder 
condensation is practically eliminated when steam is kept dry at the point 
of cut-off, which ordinarily is obtained with 


150°F. superheat. + ЕНЕН 
‘The present temperature limit is about 700°, 


although two five-cylinder, three-crank, triple- 
expansion vertical engines of 6060 hp. designed 
to operate with steam at 1840 Ib. per sq. in. pres- 
sure and at 820°F. are installed in the power plant. 
of the Philip Carey Manufacturing Co. 

Figures 16 and 17 give typical curves of 
efficiency ratios та. the steam pressure for various 57 60 80 100 120 140 160 180 


types of engines. The efficiency ratio is the ratio ‘Steam PressureLb (Absolute) 
between the theoretical Rankine cycle steam rate — Fro. 16,—Efficieney ratio 
and the actual steam rate, of various types of engine. 

Curve 1, high-speed engine, 


Steam Turbines 21- 


Turbine Types. Steam turbines are broadly “Bed atmospheric | ep 
classified according to the manner in which the 27in, vacuum; curve 4, four 
heat in the steam is converted into mechanical valve, atmospheric exhaust; 
energy, In theimpulse-type turbine, steam іѕ curve 5, compound fonr-valve, 
expanded in nozzles from which it issues at high 27-in. vacuum; curve 6, 
Velocity. The jets of high-velocity steam аге Doundfour-valve,atmospherio 
directed against blades that аге attached to a C*hausti-eurve 7, | 500-kw, 

T] n Н steam’ turbine, atmospheric 
rotor, The velocity of the steam is reduced and буна, 
converted by the moving blades into mechanical ; 
energy. There is no drop of pressure in the moving blades, 

In the reaction turbine, steam expands in both the stationary and moving 
blades. Both the impulse effect due to the high velocity of the steam issuing 
from the stationary blades and the reaction of the steam expanding in the 
moving blades are used to produce rotation. 

Generally the available pressure drop is subdivided among two or more 
successive sets of moving blades. This is called pressure staging. In single 
pressure stage of an impulse turbine there may be two or more successive sets 
of rotating blades with guide vanes between them. The velocity decrease 
is divided among them and is called velocity staging. Pressure staging is 
secured in a reaction turbine by alternating stationary and moving blades, 
each set of blades taking a small drop in pressure. By sufficient subdivision 
of the total pressure drop, the steam velocities produced can be efficiently 
converted into mechanical energy by the moving blades of а turbine, 
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Flow of steam through a turbine is generally in an axial directio; 
nomical turbines are built, however, in which the steam flow is radial, and 
another type in which the flow is tangential. 

‘Turbines are high-speed prime movers and for this reason are well adapted 
for direct connection to alternating-current generators. When used to 
drive direct-current generators, reduction gearing must generally be resorted 
to, 

Both impulse and reaction turbines can be operated with high-pressure and 
high-temperature steam either condensing or against back pressure. They 
may be operated condensing using low-pressure exhaust from other non= 
condensing prime movers; or as mixed-pressure turbines utilizing both high- 
and low-pressure steam; or as extraction turbines from which steam at several 
intermediate pressures may be bled. 
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Initial Steam Pressure ( Gage) Lb, per Sq In. 


Fra, 17.—Eficiency ratio of Unaflow engines. 


Turbines are commercially available for operation with steam up to 2500 
Ib. per sq. in. pressure and 950°F, and of capacities up to about 200,000 kw. 
In the larger sizes, over 75,000 kw., more than one eylinder and rotor are 
often used, "These may be arranged cross compound, tandem compound, 
ог vertical compound. European builders frequently compound small units; 
but American engineers and manufacturers prefer the single-cylinder unit. 

Steam Consumption, The steam rate of turbine-generators is univer- 
sally given as the pounds of steam used per kilowatt-hour output of the 
generator. ‘The theoretical steam rate of a turbine is determined on the 
assumption that expansion takes place adiabatically (at constant entropy)- 
The Rankine cycle is employed as the basis of comparing turbine perform- 
ance. The theoretical steam rate is determined from the following formula: 

3413 
h —H 


enthalpy in B.t.u. per Ib. steam at initial pressure and tempera- 
ture. 


Steam rate, pounds per kilowatt hour — 


where M 
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м = enthalpy in B.tu. per Ib. steam after adiabatic expansion to 
exhaust pressure. 
3418 = B.t.u, equivalent to 1 kw.-hr. 

The curves of Fig. 18 show the theoretical steam rates for dry-saturated 
steam at various initial and exhaust pressures. When the steam is initially 
superheated, the values read from the curves are to be corrected by ntultiply- 
ing by the superheat factors given by the inserted curves (Fig. 18), The 
factors are average values for the range of back pressures indicated, 

The wide variation in theoretical steam rate for various steam conditions 
makes a tabulation of actual steam rates meaningless. However, actual 
steam rates can be determined with sufficient accuracy for plant-design pur- 
poses by dividing the ideal steam rate by engine and generator efficiencies. 
Engine efüciency varies with the size, type, and design of the turbine, 16 
also varies with the load. Approximate full-load efficiencies for turbines 
and generators, impulse 
multistage type, are giv- 
enin Table 4 and Fig. 17 38 
for engines. For large 
units engine efficiency at 
the best point commonly 
exceeds 80 per cent 
‘The engine efficiency is 
based on steam condi 
tions before the throttle, 
pressure at exhaust flange, 
and output at turbine 
coupling. 


ply. chari 500 
values by super- 5 
{е Correction E 080 


00 300 40 
cheat Deg E 


M 
Turbines are bett zz 
Alab EET 
able to utilize high vacu- — jg nadie 
ums than are reciproeat- 


| 

ingengines. Condensing = 

r i 
turbines usually exhaust VO 200 3B айр Уй 50 ЛО 800 0 000 
at 27 to 29 in. vacuun Ideal ste 1s per kil Но 
о Ideal steam rate, pounds per Illowatt-ous, 
considerable effect on the and back pressures, 
turbine steam consump- 
tion, For each inch of vacuum secured between 2 
rate decreases from 5 to 7 per cent. 

High superheats can also be better utilized in steam turbines, as there are 
no rubbing parts in contact. with the steam. Every 7° to 13° increase in 
superheat improves the steam consumption about 1 per cent. In addition, 
high superheat eliminates the erosion due to moisture the low-pressure 
atages, which may become serious at about 10 per cent. 

Figure 19 shows the longitudinal assembly section of a non-condensing 
steam turbine. Figures 20 and 21 give the total steam flow to a bleeder 
turbine as a function of the amount of steam extracted. 

Lubrication, Bearings of large turbines are lubricated by a forced- 
circulation system, Ар oil pump, either mounted on the end of the turbine 
shaft, or gear driven from the shaft, pumps oil from a storage tank, usually 
built into the base at the front end of the turbine, through oil coolers to the 
bearings to be lubricated. Oil from the bearings returns to the storage tank. 
This same pump also may deliver oil for operating the relays and pistons of the 
valves under governor control. Bearings of small turbines are often ring-oiled. 


18 


and 20 in., the ste 


m 
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Table 4. Approximate Full-load Efficiencies Multistage Impulse 
Steam Turbine-—Generators—Geared Type 


Rated capacity | Brake potential eficiency| Generator efficiency | Combined efficiency 
‘at full load, ratio of turbine at full load at full losd 
kw. D 5 “ха, 
q @ o 
"Non-condensing Turbines 

100 0.47 

200 0.48 

300 0:61 

10 0:63 

50 0.64 0.940. 0.600 
600 0.64 0:942 0.605 
250 0:65 0.944 0.614 
1000 0:67 0:945 0:633 
1250 0:67 0.947 0.64 
1500 0:67 0:950 0.637 
2000 0:68 0.954 0,64 

Condensing Turbines 

500 0.68 0.940 0,639 
600 0:69 0.942 0.650 
750 0:70 0.944 0:661 
1000 070 0:945 0.662 
1250 0,70 0.9487 0.663 
1500 0.70 0.950 0:665 
2000 0.70 0.954 0.068 


Steam-turbine lubrication demands the use of lubricating oils of the highest 
quality, because the lubricating systems are usually arranged to permit the 
continuous use of 
the same oil for an 
definite period 
with the addition 
of make-up oil. 

While oil is cir- 
culating in the 
oiling system, de- 
composition oc- 
curs which tends 
to change the 
properties of the 
ой. It has been § 
found that the 
speed at which t 
aging process, 
which is attributed 
to oxidation, takes 
place varies with 
different. kinds of 
oil according to the 
sources from 
which they are obtained and the degree to which they have been refined. Thus 


19.—Longitudinal cross section of non-condensing bleeder 
turbine. 
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the extent to which oil can change during service varies considetabl; 
wise it is important to prevent T 
moisture from entering the oil- — 60000] 3009 Kw condensing bleeder |]. 
ing system, as direct contact E TRES E £00 Биа. 
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— 175 deg. F-superheat 
of oil with moisture augments L 28-in Vacuum 
oxidation. 


Bleeding at 151 /n*g. 
The important qualities of ILI | 
turbine ой аге indieated by [Г 
viscosity, demulsibility, sludge FT 
- 


content, and neutralization 
number. A turbine-oil spec 


fication of standard refiner, 
practice is given in Table 5. 


Suitability of a turbine oil сап 


| 
г | 
Е 


be determined only by its per- LL 
formaneé in service and not by Id LI T1 


specifications. O 400 800 1200 1600 2000 2400 2000 


Where в turbine oil shows a Load in Kw. 
steam emulsion (A.S.T.M. Еш 


— Total steam flow to n condensing bleeder 


method) of over 600, a high turbine when various amounts of steam are 


neutralization number, and tracted. 

sediment; the turbine needs close watching for oil trouble. 
The quantity of oil in the 

lubricating system ranges from — у: 100000 


0.15 gal. per kw. for small tur- = И ое e 
bines to 0.10 gal. рег kw. for 7 80000175865 Fsuper heat 

large units. Generally some 2 Ibin *g.exhal 

means, such as centrifugal oil Б | bleeding at 901b/ir 


purifiers or batch oil filters, Е 0000 


should be installed with the 


turbine to remove sludge and Š 


40000 


water from the ой. s 


Governing. The load car- Б 2000) 


ried Ьу а turbine may be gov- & 
erned either by throttling the й 


steam-admission valve, by 9 


Load in Kw. 
varying the cross section of the 


400 7800 00° 600 2000 7400 2800 


steam passages by “cutting , F1- 21— Total steam flow to а non-condensing 


bleeder turbine when various 
extracted. 


dut" nozzles and by admitting 
steam at boiler pressure nt 
various points along the direction of flow. 


For small turbines, below about 500 kw. capacity a flyball or inertia-ty 
ly. In 


governor actuates the steam-control mechanism mechanic: 


Table 5, Turbine-oil Specification 


Baumé gravity (A.P.L) at 60°F... 20-31 
Flash point in Cleveland open cup, °F | 380 
Fire point in Cleveland open сир, °F Ји 430 
Neutralizat b 0-0.02 mg. per KOH per gram 
Seconds, vise: КУ. nt 100°F, . pon 27, 1459 


Second: t 210°F. Беч 42-44 
Demulsibility number, 1620 at 130*F. Herschel or 20-60 steam- 
emul 


turbines the governor operates a pilot valve which controls the flow of oil to 


oun ts of steam are 


ре 
arger 
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Cylinders. that operate the steaim-control valve. A recently developed 
governor utilizes the change im oil pressure with change in speed that is 
developed by a specially designed pump. 

Most industrial turbines bleed or exhaust 
steam to process. Many speciàl types of 
Governors are available for controlling the 
bled- or exhaust-steam pressure. Steam tur- 
bine governors are available which гроги 
bleeding varying smownts of steam at con- 
stant pressures over в considerable range of 
turbine load without any practical variation 
in speed. Back-pressure units can be con- 
trolled so that both exhaust- and bleed-steam 
pressures are maintained constant. When so 
controlled, the power.produced depends upon 
the Amount of steam passed. Governors for 
mixed-pressure turbines inaintain constant 
fpeed and load while allowing varying 
amounts of available low-pressure steam to 
pass through the turbines, 


\_ Storting 
ghir valve 


Diesel Engines 

Where process steam is not needed Diesel 
oil engines may be, the most economical 
power source, and as process and power de- 
mands are not always in synchroniem, a com- 
bined Diesel- and steam-engine plant, with the 
steam-engine generating power up to the те 
quirements for exhaust steam for processes, is both flexible and economical. 
American-made: Diesels of practically any capacity are available from 5 to 
7500 Вр. 


Feclinjection 
Bir bottle 


farting air BoE 


Schematic outline of а 
cle nír-injection Diesel. 


Table 6, Manufacturers’ Fuel Guarantees 


| Fuel consumption, 
| 1b, per hp-hr, 


D» | ‘type | rie | ви 
| Fall Jud | дало | Зал 


| 
| max | ов [ом | 0.44 


National Supply Со. 4 0 

Do La Vergue 4 | пи | 242 | 45 |, 152 
Fulton : 4 | $c | я | 

Вид-и 2 500. #25 | ap. 
Buskesulzer 2 | 1800-2400, 3 40 | 14 
American Locomotive 2 1800. | 30 E 4 
Nordberg > 2 | 1800-2250 | 39 їй з 
Hamilton MAN; - 2 250 59 ^| 

marine, 


In contradistinetion to the Otto-cycle, or explosion 
type, gas and gasoline engines, the Diesel engine compresses pure air only, 
and the fuel is introduced at the end of the compression stroke rather than 
during the suction stroke. Compression of the air to 400 to 500 lb. per sq. in. 
pressure is sufficient to raise its temperature to from 900° to 1200°F., depend- 
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ing upon the suction temperature. Fuel, injected into this heated air, is 
ignited solely by this temperature, and no spark plugs or other ignition 
devices are needed. Owing to the high-compression ratio, the efficiency of a 
Diesel engine is high, about 32 per cent of the 
heat in the oil being delivered as power at the 
crank shaft. This efficiency, equivalent to 
approximately 0,42 Ib. fuel oil per brake- 
horsepower-hour, is practically constant re- 
gardless of the size of the engine, 
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ypical two-stroke-oycle Fra. 24.—Solid-injection Diesel 
njection Diesel, using a mechanically operated 
needle valve. 


The original Diesel cycle is made up of four strokes: the compression stroke, 
the power stroke, the exhaust stroke, and the suction stroke. As stated, on 
the compression stroke а charge of fresh air, previously drawn into the 
cylinder, is raised from atmospheric to 500 Ib. per sq. in. pressure, and in tem- 
perature from 1209 to 1100°F. Just before |, 
the beginning of the power stroke, fuel is in- 07” 
jected through a spray valve in a finely atom- 
ized condition and at a rate such that the 
cylinder pressure is held at 500 Ib. per sq. їп. 
until the piston has traveled about 10 per cent 
of its stroke. At this point the fuel injection | 
ceases, and the burning gases expand behind 
the moving piston. Shortly before the end 
of the stroke is reached an exhaust valve 
opens relieving the cylinder of its gases, and, 
ан the piston reverses and makes the in-stroke again, the remaining burned 
gases are expelled. Оп the next out-stroke, fresh air is inducted through an 
admission valve and at the end of this stroke the piston starts the cycle again 
by compressing the new air charge. 

A diagrammatic outline of a four-stroke-cycle air-injection Diesel engine 
is shown in Fig. 22. Originally all Diesel engines operated on the four-stroke 
cycle, but many of the engines installed now operate on the two-stroke cycle. 


Fra. 25.— Combustion chambers of 
solid-injection Юй 
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In these engines, at the end of the power stroke, the burned gases are expelled. 
through a set of ports in the cylinder barrel which are uncovered by the piston. 
At the same time, air under about 3 Ib. per 54. in. pressure blows into the 
tylinder through a second row of ports and seavenges the cylinder of the 
burned gases as well as supplying a charge of fresh air for the next (compres- 
tion) stroke. А typical iwo-stroke-cycle engine is shown in Fig. In this 
Way, almost twice the amount of power is obtained from the same cylinder 
dimensions, but the fuel consumption is about 5 per cent greater than that 
nf the four-stroke cycle. 

_ Types of Diesel Engines, It will be observed that in Fig. 20 the engine 
is supplied with a high-pressure air compressor to supply air at 900 lb. рег 
ва. in. pressure which is used to blow the fuel charge into 

the eylinder when a needle valve opens. This was the 
al method patented by Dr. Diesel. 

late years, designers have evolved engines in which 
the fuel is injected by direct pump pressure. , In all other 
Tespects the engine mechanism remains unchanged, 
(Figure 24 illustrates this type.) As the work of the 
pump is less than the work needed to compress the їп- 
jection air, the airless, or solid-injection Diesel engine, 
has a slightly better fuel consumption. _ At present about 
80 per cent of the Diesel engines built in this country 
use solid injections. In general, air-injection Diesels are 
installed only when high-viscosity, poor-quality fuel is to 
be burned. 

‘Types of Solid-injection Diesels. Some solid-injec- 
tion Diesel engines employ а needle valve, lifted mechan- 
ісаПу by а rocker arm and cam shaft. The greater 
number, however, employ some type of spring-loaded 
needle valve or a simple check valve. 

There are nearly as many types of combustion chambers 
ав there are makes of Diesels. А few of these are shown н 
in Fig. 25. In the design shown at A, the oil is sprayed , PG. 26 -Differ- 

у ential-needlo spray 
directly into the engine eylinder exactly as with the air- Valve. 
injection Diesel engine. It is necessary to obtain a fine 
spray, so the spray valve is heavily spring loaded asin Fig. 26. In Fig. 25B, all 
the cylinder air is forced into a combustion chamber in the cylinder head, and 
the combustion of the fuel occurs in this cavity. The spray need not be so fine, 
ав the rush of air into the cavity ensures good mixing. Therefore, usually, а 
simple nozzle with в check to prevent the back flow of combustion gases 
is employed. In the so-called precombuation Diesel engines (Fig. 250), a 
small part of the cylinder air enters the small chamber in the head. The oil 
spraya toward the throat opening, thereby meeting the air. As there is a de- 
ficiency of air їп the chamber, only a small amount of fuel is burned there, and 
the consequent increase in pressure blows the remainder into the cylinder where 
it burns. The oil spray is generally coarse and a check-valve orifice, as in 
Vig. 27, is the provailing fuel-spray nozzle. 

Solid-injection engines do not as а rule have constant-pressure combustion. 
In some, where the compression pressure is carried from 350 to 400 Ib. per 
sq. їп. (ample for ignition as there is no refrigerating effect from expanding 
high-pressure injection air), combustion at constant volume causes a pressure 
rise up to about 500 Ib. per ва. in., followed by combustion at a falling pressure. 
Indicator diagrams show а sharp peak at the start of the power 
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Engine Weights and Speeds. Up until about 1920, Diesels operated at 
slow speeds, 164 r.p.m. being the standard maximum. Weights were high, 


ranging from 300 to 4001: рег пр. Of late 
years, speeds have been increased, and en- ر‎ 
gines for power-plant service now operate Г 
at from 200 to 600 r.p.m. and weigh from xd 
100 to 300 lb. per hp. Engines of 150 hp. ар 8alid-injection аргаў 
are operating in power service at 1200 r.p.m. Waive, 
and in automatic service at 1800 to 2000 
rpm. Light-weight, high-speed engines weigh from 19 to 60 1b, per hp. 
Fuel Consumption. Diesel engines of all sizes and makes have about 
the same fuel consumption. In Table 6 are given a number of guarantees on 
engines; the actual consumption will be about 5 per cont less than the value 
given. The A.S.M.E. Diesel Pow: 
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| 
Cost Committee found that the fuel E T LI cuu 
consumption of 47 plants varied with ВР Ro E. 
the yearly capacity factor as shown in 289 
28. 298 cu 

; 28. $91 

Fuel Oil. Diesel engines will oper- 586 aa! at Саа. 
ate on prüetically any fuel oil of a grav- 554 
ity ranging from 16° to 30?B&, The $83 -- 
heavy grade is suitable for slow-speed 55 T kr 
engines, but most air-injection Diesel © 09 19 25 30 70 2; t9 S WI ю 
engines will burn an oil of greater vi Running Plant Capacity Factor, Per Cont 
cosity and greater carbon residue. ч пир ые арн Pk 


Tentative standard fuel specifica- 
tions formulated by the American 80- 
ciety for "Testing Materials are given on p. 23: 
by filter or cen both, before it is deli 
system. 

Lubricating-oil Consumption. From reports obtained of 47 Diesel 
plants the A.S.M.E. Diesel Power Cost Committee found that the consump- 


fuel consumption. 


АП fuel should be cleaned 
ered to the engine injection 


Table 7. Waste-heat Boiler Performance 


Lb. of steam per hr., full load; pressure 5 Ib. per sq. in. S. ft, of heating surfuee 
7 т 

Нр. 4 суде | tede 2 сузе 
75 7 n 
100 92 72 
200 154 ni 
300 212 144 
400 327 192 
500 392 240 
600 383 288 
700 550 336 
800 638 384 
900 100 32 
1000 280 A80 


tion of lubricants at various yearly load factors falls within the area bounded 
by the maximum and minimum curves in Fig. 29. Lubricating oil consump- 
tion is greatly affected by the type of oil filter or recluimer employed. 
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Cooling Water. 1A Diesel plant should be provided with scale-free water 
for the cylinder-jacket cooling. If the water is of this character the simplest 
ystem is made up of a cooling tower over which the warm water from the 
јаркеіз is run. The cooled water drops into a sump and is forced back 
through the jacket by a centrifugal or plunger pump. 

Table 8. Waste-heat Water-heater Performance—Heat Recovered, 
B.t.u. per Hr. 


| Diesel S | Heating 60°F, | Heating 130", 
REA man quies | Water o tr 
о los, 
Gas ою 


| | 


temperatures 
зоо. |- тор, | 5007F. | oor. 


Vase | oo. | 50°F: 


| к“ me | кч | a | къ | м 
ша. RC NT | |- % | 

75 45 900 0.5 | 92000 | 60,800 | 29,600 | 87,400 | 56,100) 25,000 
100 | 60 | 1200 | 0,8 | 118000) 76.000 38,000 | 111.500 | 71,750) 31900 
200 | 120 | 2400 | 29 | 212.000 | 140,000 | 68,100 | 201,000 | 129500! 57.500 
300 | 180 | 3000 2.9 „| 210,000 | 102,500 | 302,000 | 194,000 | 86,500 
400 | 240| 4800 3.1 | 427.500 | 282,500 | 137,700 | 405,000 | 260,500 116,000 
500 | 300 | 6000 | 3.1 | 543.000 | 359.000 | 175,000 | 515,000 | 331.000 | 147,000 
600 | 360 | 7200 2.9 | 660,000 | 436,000 | 212,500 | 628.000 | 404,000 | 179,500 
650 | 390) 7 310, | 717.000 | 474.000 231,000 | 680,000 | 437,000 | 194000 


"То obtain pounds of water per hour: Divide B.t:u. per hr. by 190. Divide B.t.u. per hr. by 20. 
‘To obtain gallons of water per minute: Divide B.t,u. per hr. by 50,000. Divide B.Lu. per hr, by 10,000, 


From Foster-Wleeler Corp. 
Where the water is bad, it is advisable to install a closed cooling system. 
‘Water is circulated through the jacket and then through a heat-exchanger, 
where the heat is removed by raw water, which is then run to a cooling tower 
ог apray pond to be cooled for use 


o 


porch oe 


poppe 


considered the best practice È 
to design the cooling system so that | 
the flow of water through the engine 
jackets and? the discharge tempers- 
ture ure both held constant for all 
loads, This may be done by con- 
trolling the water by-passed around 
the cooling system from the jacket Fra, 29.—Lubricating-oil costa. 
discharge to the inlet of the jacket-water pump. 

From 2000 to 3500 B.t.u. must be removed by the cooling water per brake 
horsepower per hour. А rise in cooling-water temperature of from 12° to 
40°F. is permissible. General practice holds the temperature rise to about 
209. Discharge temperatures over 180° are not recommended, 160° repre: 
senting average practice. It is well to design the pump to handle about 20 
gal. of water per horsepower per hour. 

Air Intake. Diesels require about 3 cu. ft. of air per minute per horse- 
power. Present practice is to filter all air taken in by the engine, Where 
појве is objectionable air-intake silencers are provided. Pressure drop in the 
air-intake system should not exceed about 6 in. of water. 
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Engine Starting. With the exception of engines operating at or above 
300 r.p.m., all Diesels are started by compressed air. This air is usually 
stored in receivers at 250 Ib. pressure. A general rule is to provide receiver 
capacity equal to thirty times the stroke volume of one cylinder, 

Exhaust. Diesel engines exhaust about 7.5 cu. ft. of дав per minute per 
horsepower. The temperature of the exhaust at full load varies from about 
500°F. for two-cycle, crankcase-scavenging engines to 700°Е. for four-oycle, 
mechanical-injection engines. Small high-speed Diesels have exhausts as 
high as 1000°F. 
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D E 
Fro. 30.—Types of water turbine. A, Francis; B, Kaplan; C, Dubs (Bucher Wyse 
Со); D, Nagler; E, Moody. (Barrows, " Water Power Engineering.) 


To reduce exhaust noise, silencers should be provided. Silencers can be 
made to eliminate practically all exhaust noise. Care must be taken not to 
restrict: the flow of exhaust gas, particularly on two-cycle engines, as excessive 
pressure at the exhaust manifold decreases engine capacity and prevents 
proper scavenging of burned gases. Exhaust pressure should be held to 1 Ib. 
and should not exceed 21b. In two-cycle engines the length of exhaust pipe 
is important because of possible interference of pressure waves with proper 
scavenging. The best length of exhaust pipe serving а single cylinder of a 
two-cycle engine is obtained from the equation L X 200/n, where п is 
engine speed. 

"Waste-heat Recovery. Tor each pound of oil burned there is approxi- 
mately а pound of water vapor formed, which passes out with the other gases. 
‘The latent heat in this water vapor, amounting to About 500 B.t.u, per h.p.-hr. 
cannot be recovered in a water-heat boiler, for condensation would са 
corrosion. Of the remainder, the sensible heat in the gases, enough may be 
recovered to bring the gas temperature to about 300°F. Of the heat released 
by the combustion of fuel about 32 per cent develops power, about 32 per cent 
isin the exhaust gas, about 32 per cent is in the jacket water, and the remainder 
is lost to friction and radiation. Waste heat may be used for heating water 
or for generating steam. Usually waste-heat boilers are of the tubular type, 
but recently several water-tube boilers have been developed for this work. 
Table 7 shows the pounds of 5-Ib.-pressure steam that may be generated per 
hour and Table 8 the amount of heat recoverable by heating water. 
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Water Turbines 


The power available from the fall of water is equal to the product of tha 
weight of water flowing per unit of time into the total head. The theoretical 
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ssed by the equation, 


horsepower available шау be expres 


Horsepower 


ie feet of water discharged per second, D the density of 
52.36 ib. per cu. ft. at 60°F., and И the total head or difference 


where @ is the cu 
water equal to 6: 


2470 POWER GENERATION AND POWER TRANSMISSION 
in height between the surface of the water in the forebay when the turbine 
is operating, and the surface of the water in the tailrace. 

All this power is not available to the water turbine, nor can the turbine 
itself utilize all the energy of the water that is made available to it. "The 
ratio of the power developed by the wheel to the power theoretically available 
to it is the efficiency of the wheel. 

Types of Water Wheels. Impulse (Fig, 31) and reaction (Wig. 32) 
water wheels are the two main types used as prime movers. Overshot-, 
undershot-, and current-type wheels are notin general use for power purposes, 
because of inherent disadvantages 
as to size, efficiency, durability, 
and regulation. 

Та the reaction turbine, the 
wheel passages are completely 
filled with water; the water acting 
оп the wheel vanes is under pres- 
sure greater than atmospheric; the 
water enters all around the periph- 
ery of the wheel; and energy, both 
pressure and kinetic, is utilized by 
the wheel. In impulse wheels 
the water acting on fhe, wheel 
buckets.is under atmospheric 
pressure, the wheel passages are 
not completely filled with water, 
the water is generally applied to 
the wheel at one point but oc- 
easionally two or more, and the 
energy applied to the wheel is 
wholly kinetic. 

‘There are two main types of re~ 
action turbines, the radial inward- 
flow or Francis type and the 
axial-flow or propeller type. The 
reaction turbine may be used with 
heads up to the point where an 
impulse wheel is needed. The (Н.К, 
present upper hend limit in use for 
the reaefion turbine is about.1150 ft. ‘This type is essentially a medium- 
speed wheel, the specifie speed ranging from 10 to 100. 

Reaction turbines may haye their shafts either vertical or horizontal. 
The vertical-shaft, arrangement is ordinarily more suitable where the most 
efficient setting or runner is desired and where limited space is available 
for power house and forebay, The horizontal-shaft arrangement possesses 
advantages, when considered from standpoints of first cost and the nocessity 
of expensive thrust bearings. 

The propeller-type wheel is of high speed, used for specific speeds varying 
from 11010225. It is adapted for use under heads up to about 10044. While 
the high speeds permit the use of wheels and generators of small diameters 
for a given power output and hence tend to lessen cost, the best efficiencies of 
reaction wheels are obtained when the Francis medium-speed types are 
used, 

The impulse wheel consists of a disk upon the periphery of which are 
mounted buckets. The buckets, as generally built today, are of a double- 


32.—Cross section of reaotion whe 
> Barrows, " Water Power Engineering, 
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lobe form, the two parts coming together in а common splitter. A high- 
velocity jet is directed tangentially against the runner and imparts its kinetic 
energy to the buckets. The jet is diverted laterally by the bucket, approxi 
mately 180 deg: from its initial absolute direction. To obtain. higher speeds 
And greater power from a single wheel, more than one jet is sometimes used. 
More frequently double-runner units are used. The impulse turbine ia 
Zenerally arranged with a horizontal shaft. It is essentially a low-speed 
type; specific speeds varying between 3 to 6. It is used for high heads, 
ordinarily beginning in the neighborhood of 500 to 1000 ft., the upper limit 
being over 1 mile and in size up to 70,000 hp. 

_ The efficiency of water turbines varies with the type, specific speed, setting, 
Size, and load, The maximum efficieney of propeller-type runners with fixed 
blades drops off rapidly with decreases in load. The efficiency curve of the 
‘ancis turbine has a much flatter characteristic, high efficiencies being main- 
tained at as low as 70 per vent of rated load. At rated loads, efficiencies of 
ubout 92 per cent are obtained with both the Francis and propeller types. 
Propeller turbines with adjustable blades (Kaplan type) have-efliciencies 
comparable with those of the Francis type. The impulse-type turbine has a 
flat efficiency curve, but in general the best efficiency point is slightly lower 
than that obtained from the reaction-type turbines. With some impulse 
Wheels, and under certain conditions, efficiencies of 90 per cent have been 
claimed, but 87 to 88 per cent is а more usual efficiency for well-constructed 
wheels. 


Heat Balance 
n or utility power plant has but one-purpose, that of 
al energy for sale. The power plant designed to serve an 
industrial organization is often culled upon to furnish not only electrical energy 
for operating the plant machinery but also steam or hot water for process and 
building heating. The basic design of the power plant is materially affected 
by the character of these secondary services, and consideration of them should 
not be negleoted in preliminary design work. 

When these secondary services are not required of the planty water power 
or oil-engine power may be attractive methods of generating electrical energy 
or power may be purchased. But when relatively large amounts of steam or 
hot water are required, the steam plant is generally the more economical. 

Аз п starting point in a study of industrial power and process steam, one 
should consider that every industrial plant, with a substantial process-steam 
load, can generate two kinds of power: first, very cheap power, up toithe by- 
product limitation of the process load; second, more expensive power derived 
from steam going to the condenser or to the atmosphere. 

Generation of the first kind of power is always definitely advantageous. In 
fact, an ideal plant would be one in which all of the power is generated from 
Steam on its way to process, with no steam going to the condenser or exhaust- 
ing to the atmosphere. An exception to the rule may be a plant where the 
power load is considerable, the utility electrical rates low, and the process- 
steam requirements so small as to justify but simple boiler-room equipment. 

‘The second kind of power generally costs more to produce than the шеп- 
erating cost of central-station power and will frequently cost more than. the 
selling price of the latter. This is due to the poorer economy of the smaller 
units and their greater first cost per unit of capacity. If an installation is 
to be economically successful, the engineer must select the generating equip- 
ment and determine the heat-balance layout; so that as much аз possible of 
the power generated will be of the cheap by-product type. 


"The central-stat 
generating electri 
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Assuming that the amount of power and the quantity and pressure of the 
process steam required have been determined from surveys and estimates, 
the boiler pressure or initial pressure at the turbine throttle should be decided 
upon. This pressure may be selected so that the average process-steam 
demands will generate the average power load as its pressure is reduced in 
the prime mover from initial pressure to that required for process. 

With the boiler pressure selected in this way, there will be times when a 
high power load and в low process load exist, under which condition the 
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BI Boiler M6~ Reducing Valve 

ЕТ - Steam Engine PI - Duplex Pump 

HI — Open Heater P2 — Motor-Driven Pump 
HVI- Heating PAi-Low-Press. Process 


— Water --- Saturated Steam 
—-- Superheated Steam — ----- Low-Press. Steam 


3. 48.—Engine exhausting steam to heating and process. 


deficiency in power must be made up by electricity, either purchased, or 
generated from steam going to the condenser or to the atmosphere. It 
may also be that at times there is a low power load and a high demand for 
process steam. Under these conditions the process steam will have to be 
supplied from separate low-pressure boilers or through a reducing valve, the 
latter being the more common practice. The desirable result always should 
be а maximum amount of by-product power with a minimum amount, of 
steam going to the condenser, and a minimum amount of live steam going 
through reducing valves to the process, unless the condenser cooling water 
can be used to meot process hot-water demands. 

Obviously, in any particular power plant there may be certain conditions 
of power load and process demands that prevent. the application of this broad 
general rule; for example, when the process condensate returns to the boiler, 
and when condensing water is not available, it may be advisable to choose a 
boiler of such pressure that the minimum process steam will generate the 
maximum power demand, the remainder of the process steam coming direct 
from the boiler. 

A common method of power-plant analysis includes the construction of 
typical 24-hr. power-load and process-steam-demand curves. By using the 
steam-rate curve of the prospective prime mover, the hourly generation of 
steam for power can be set up. The difference between that curve and the 
process-steam curve is the excess or deficiency in the process requirements. 
By construeting such curyes to cover several boiler pressures, which would 
result in differences in steam consumption of the generating units, the best 
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boiler pressure for a particul 
certainty. 


condition can be ascertained with some 


Saturated Steam 
Low-Press. Steam 


Bt-Boiler P2- Motor-Driven Pump 
CI-Surface Condenser P6- Circulating Pump 
El- Steam Engine P7 - Condensate Pump 
Н1-Ореп Heater PAl-Low Pross. Process 
HVI-Reatin PA3-High Press. Process 
Pl-Steam-Üriven Aux. ^ T4-Bleoder Turbine 


T3- Mixed-Press.Turbine 


84.—Арое: Condensing turb 


Below: Engine exhausting to mixes ne and to process, 


ну! 


BI - Boiler P2-Motor-Driven Pump 
Cl- Surface Condenser ^ P6-Circuloting Pump. 
El = Steam Engine P7- Condensate Pump 
HI - Open Heater PAI-Low-Press Process 
HVI-Heating Ti- Condensing Turbine 


M6-Reducing Valve 
— Water - 
=m Superheated Steam 
Fig. 95.—Eügine exhausting to process and low-pressure conden 


- Low Press, Steam 


turbine, 


‘The selection of а prime mover for use in an industrisl plant depends largely + 
upon the peculiarities of the industrial process that is to be served. For 
example, one may use a back-pressure turbine or engine, or a combination of 
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a condensing turbine and a back-pressureengine. "Then there are also various 
combinations of bleeder turbines and mixed-pressure turbines, many of 
which can be used in combination with a steam engine exhausting against 
а back pressure. In cases where the process-steam load varies considerably, 
with а constant power load, there may be an advantage in the-application 


BI.- Boiler 
C2- Surface Condlenser 
H2- Closed Heater 
H6-Deaerating Heater 
MI2-Tank 


P2-Feed Pump 
P7-Condensate Pum 
P9-Hurling-Water Air Pump 
T6-Cendefising Turbine 


Water 
— Superheated Steam 


----- Low-Press, Steam 


Air, 
- Drips 


Fic, 36,—Power generation, no process stes 
foed 


Table 9. 


n, with condensing turbino bled for heating 
ater. 


Turbine Output with. One-, Two- and Three-stage Water 


Heating 
9r. ains Lb. of | Lb. of 
С Bitu, | Assumed | Bitu. | steam tol steam perl ү 
| verted [remaining] conden- |to water | heat 500 boiler ар. |, Dia 
topower| per Ib, |satetem-| per ЈЕ, | gpm. a д» 
(GU | аш | рабо Моа Pn БАр. 
em) | 1007, | уснед 


2 


по оё, | 25.950 


27.35 | 950 
170) | 951'5 | 26270 | 24.12 | 1088 
170 | 98.7 27080 | 194 | 1417 
120 
120 .| 953.3 | 26220 | 16,55 | 1,585 
103 
105. | 963.3 | 25970 | 15.8 |164 


of an accumulator to make up the difference between the supply of exhaust 
or bled steam and the process-steam demand. 

In other plants a non-condensing steam engine and a Diesel engine will 
work out best, especially in the paper industry where the power is ulways 
beyond: that generated from the process steam. 

Flow diagrams showing various possible arrangements for prime movers 
are shown in Pigs. 33 to 38 (Power, 74, No. 21, Nov. 25, 1930). 
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Multistage Heating. Central stations have been able to realize very 
considerable improvement in thermal economy by multistage heating of the 
feed water. This is p~- У 
usually accomplished | 
by extracting steam | 
from one, two, or! 
three stages of the t. 
turbine, and using this 
steam in closed ог 
open feed-water heat- 
ers. The same result _[] 
might also be obtained 
by using steam from 
engine-driven auxilia~ 
ries, exhausting at 
different back pres- 
sures, This arrange- 
ment, however, would 
probably make a Steam 
rather complicated —— Water 
and cumbersome 
lant layout. These _ Fra. d7-—High-prewure top to industrial plant, Stemm 
Е ма Gf regen. 18 supplied to the high-back-pressure turbine at 1250 Ib. and 
advantages of regen 50°F.. Evaporator furnishes process steam at 1801. press 


LPsteom from LP plant 


= 


EA: idt sure, The low-pressure plant operates at, 225 Ib. pressure, 
лед in industrial B3 ` High-pressure boiler P2 — Low-pressure feed pump 
plants, not only for H3 ^ Closed heater P4 High-pressure feed pump 
heating boiler feed H11 Evaporator P7 Condensate pump. 


water, but also for H6 Deaerating heater RV Reducing valve 
heating water used M12 Tank 
in manufacturing processes. 

If the temperature of a quantity of water is to be raised from 60° to 160*F., 
it is commonly considered satisfactory to heat with exhaust steam at 20 Ib. 
persq.in.abs. With a suitable heater it would be possible to heat the water 
with atmospheric exhaust from the turbine and produce more power with the 
same steam. Ву running at 71Ь. per sq. in. abs. exhaust pressure, about 48 per 
cent more power could be developed with the same steam than at 20 Ib. per 
sq. їп. back pressure. This is about the best economy that can be obtained 
when heating water in ono stage, whether by exhaust steam or by bled steam. 

It is possible, however, to work more efficiently. А decided gain in cycle 
efficiency, and in the amount of power that can be produced by the steam 
that heats the water, can be made by arrangements such as shown in Fig. 30. 
In the second method shown, half the steam does work down to 7 Ib. per sq. in. 
abs, and half down to 2 Ib. per sqin. abs, or 25.85 in. 
power produced by the turbine will be about 67 per cent. greater than is 
produced by an equally good turbine, or engine, that exhausts against a 
back pressure of 20 Ib. per ва. in. abs. In the arrangement for three-stage 
heating the turbine exhausts one-third of its steam at 7 Ib. per sq. in. abs, 
3 Ib. per sq. in. abs., and 1.2 Ib. per sq. in. abs., respectively, the last pressure 
being equal to about 27.55 in. vacuum. -The power produced represents a 
73 per cent gain over the turbine at 20 Ib. per sq. in. abs, back pressure. 

Table 9 gives approximate figures based on 150 Ib, initial pressure, no 
superheat, and the use of various arrangements for feed-water heating, 
Turbine efficiencies are all taken at the conservative value of 60 per cent. 


Steam (Bled) 

Air Vapor 

Drips 

Fro, 38.—High-pressure, high-temperature top supplying ste 
pressure turbine, 


Steam (Super healed) 
Sfeam (Saturated) 


B3 High-pressure boiler HII Evaporator 
C2 Surface condenser M12 Tank 

C8 — Steam-jet vacuum pump P2 — Feed pump 
C10 Generator air cooler P4 < High-pressu 


H2 Closed heater PT Condensate 
HO ^ Deaerating heater T6 Conden 
H9 Economizer TS ^ High-pressu 


‘The heaters are all of the closed 
type, operating at 15°F. terminal 
difference. For the single-stage 04 
heater the condensate temperature 18 pers 
shown 10°F; above the leaving-water 
temperature. In multistage heating, 
the condensate is passed through 
succeeding heaters and is assumed to 
leave ut 10°F. above the exit-water 
temperature from the heater at the 
lowest pressure. 2 
Аз shown by Fig. 1, many utilities Р 
have materially improved the effi- 
ciency of their old plants, while add- ет 
ing capacity, by "topping" with a [772 


m to an existing low- 


re feed pump 
pump, 
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high-pressure unit. This involves 
the addition of a high-pressure boiler 
and a high-pressure turbine that will 
exhaust at the existing boiler pressure 
and so supply steam to the existing 
turbine units. Industrial planta 
may, under proper eireumstances, 
economically adopt this method of 


adding plant capacity and at the 
same time improve the efficiency of Fro. 39.—Turbines 
the entire plant owing to the inher- взара 


ranged for one, 1wo-, | 
ge water heating, 
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ently higher efficiency possible with high-pressure and high-temperature 
steam. Exhaust steam may be used for process as in Fig. 38 or in low- 
Pressure turbines. The pressures and temperatures adopted for the topping 
Unit range from 600 to 1400 Ib. per sq. in. and 750? to 950*F., depending upon 
the steam pressure of the old plant. 


POWER-PLANT PIPING 


In modern power plants, piping has become a very complicated system. 
Continuity of service requires elaborate valve arrangement and duplication 
of portions of the piping system. Higher steam temperatures require more 
elaborate provisions for flexibility, and refinement in plant design call for an 
increasing number of different piping systems. 

In laying out the piping of a power plant, three main objectives should be 
observed. The mechanical design of the pipe should be such that it will 
function properly with respect to the mechanical equipment with which it 
Serves, The general layout, particularly the location of valves, should be 
Such that it is convenient from an operating standpoint. The piping should 
be arranged in as neat and orderly a manner as possible to produce a finished 
assembly that will be pleasing and workmanlike in appearance and, at the 
same time, accessible and easy to operate. The degree of refinement applying 
to these main objectives should be based on economic consideration: 

Pipe Size. After the basic piping diagrams have been decided upon 
and before any dotail drawings can be attempted, it is necessary to decide 
upon the sizes of the various pipe lines that make up the system. Pipe sizes 
should be determined on the basis of reasonable velocities and friction losses, 
together with а consideration of investment cost. From the standpoint of 
investment cost, it is desirable to keep the velocity as high as possible without 
exceeding the maximum allowable velocity. The maximum allowable 
velocity of the fluid in a pipe line is that which corresponds to n permissible 
pressure drop or friction loss from the point of supply to the point of con- 


Table 10. Velocities of Steam and Water in Power-plant Piping" 


к Pressure, Th. Reasonable velodlty, 
тщ per sq. їп, gage de ft. per min, 
Water. | e [боя 120-300 
Water. | 50150 | General service У 300-600 
ИИ 1505р | Boiler feed. 600. 
Saturated ateam. 0-15 _ | Heating. 4,000- 6,000. 
Saturated steam, , 50up | Mieallanes 6.000-10.000 
Superhented steam. L| o 200up | Large turbine код boiler Tes 10,000-15,000 


^ From Walker and Crocker, “Piping Handbook," McGraw-Hill, New York, 1930, 
sumption, Values given in Table 10 аге reasonable. They represent average 
values used in power-plant practice and may be used as a guide in many 
cases where actual pressure drops are not computed. The lower velocity 
should be used for small pipes, and the upper limits for larger ones. 

Kind of Pipe. For general use around power plants, wrought-steel pipe 
is used more than any other kind. It should be used for all steam lines, 
boiler-feed high-pressure lines, and condensate lines. Сав тол piping i 
used for underground floor drains, sewers, wet soot removal, and ash removal. 
Galvanized-steel piping is frequently used for eompressed-air lines and for 
the smaller sizes of city water and general service use. Principal standard 
pipe specifications are listed on the following page: 
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Prrserean Sranparo Pree Srectricavions 
Steel: 
Standard Specifications for Welded and Seamless Steel Pipe (836.1-1084) (A.B,T,M., 
53-33) 
‘Tentative Standard Specifications for Lap-welded and Seamless Steel Pipe for High- 
temperature Service (B30.3-1934) (A.S.T.M., A106-34T) 
'entative Standard Specifications for Electrical Fusion-welded Steel Pipe, 
over (B36.4-1034) (A.S,T.M., А134-32Т) 
Tentative Standard Specifications for Elect 

1984) (A.8.T.M., 135-32 T) 

"Tentative Standard Specifications for Forge-welded 8t 
30-34) 
Tentative Standard Specifeations for Lock-bar Steel Pipe (B304 


in, and. 


cal Resistance-welded Steel Pipe (B30 


Pipe (Bài 


1934) (A.B, T.M., 


1934) (A,S.T. M, 


‘Tentative Standard Specifications for Riveted Steel and Wrought-iron pipe (В30.8- 
1934) (А.5.Т.М., А138-34) 

Tentative Standard Specifications for Electrical Fusi 

(A.S.T. M., А189-34Т) 

„ЗЛОМ: Specifications for Steel 

АРТ, Line Pipe Specii 

A.P.L Pipe Specification Standard No. БА 


'elded Sivel Pipe, 8 to, but n 


3 


Wrought Iron: 

A.S.M.E. Boiler Code Specifications for Welded Wrought-iron Pipe (Di 

АВА. Specifications for Welded Wrough (B36.2-1934) (A.S. T.M., A72-3 

Federal Specifications for Pipe; Wrought-iron, Welded, Black and Gulvanized (WW-P-441) 

0,8. Navy Dept. Specifications for Pipe, Iron, Wrought (44-P-1 10) 

Аззо‹ Div., Specifications {ог Welded У.І, Pipe 

A.P.I. Standards for Line Pipe (No. 5-L) 

АРА. Standards for Casing, Drill Pipe, and 

Am, Standards Assoc. Specifications for Riv 
1934) (A.S,T.M., А188-34) 


A) 
ed Steel and Wrough! 


on Pipe (836,8. 


Flanges 

Ашегісан Standards for Castairon Flanged Fittings (B16b-2 for 
B166 {or 250 1b.) 

American Standards for Steel Flanged Fittings and Companion Flanges (В10е-1932) 

American Standards for 800-1 (Hydraulic) Cast-iron Flanged Fittings 


Ib., В1ба for 125 lb. 


Bolting Materials: 


АЗИМ Standard Specifieation 
American Tentative Standards for Wrench-head Bolts and Nuts and Wrench Openings 


Pipe Dimensions. See Flow of Fluids (Sec, 6), p. 869. 

Pipe Joints, See Бес. 6, р. 922. 

Expansion of Pipe. One of the most difficult problems in the design of 
piping systems is proper provision for expansion and contraction owing to 
temperature changes. Па pipe is under no stress when cold, and the tem- 
perature is inereased, it will increase in length an 
amount that cannot be neglected. А table indicating 


the expansion per 100 ft. pipe of various gines РРА 


and for different temperature ranges is given in Sec. ESS 
р. 870. ет 
For low-pressure work, expansion may be taken саге | Fra. & Кышы 
of by inserting expansion joints in the piping system. Bitt Wald made Бу 
aa | either Фаине шге ог 
For high-pressure work, and, in general, the main seetylene process 
steam lines and boiler feed lines, expansion is pro- ^ 
vided for in the flexibility of the piping system itself, 


This flexibility may be 
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obtained by using standard types of expansion bends, or by providing loops 
айе out of standard fittings. 

The calculation of piping-system flexibility and of the stress encountered 
due to pipe expansion is beyond the scope of this handbook. This subject 


Fro. 41—V-type Fia, 42.—Fittings for use with Fra. 43,—Sleeve line 
chill sleeve. Sleeve welded pipe. weld made by first 
le joint preventa butt-welding the pipe 


icicles” from weld- ends and then rein- 
ing but reduces in- forcing with a split 
ternal diameter, sleeve, which mini- 


mizes the stress on the 
butt weld. 


has been treated, at length, in various A.S.M.E. papers and by Walker and 
Crocker (“Piping Handbook,” McGraw-Hill, New York, 1931). 


Valves* 

Valve Materials. Valves for working pressures up to 250 lb. per sq. in. 
are commonly made of cast iron. Valves of this material should not be used 
With temperatures exceeding about 450°Е. For pressures up to 1350 lb. 
ber ва. in., valves are made with steel bodies, both cast and forged. Some 
manufacturers use cast chrome-nickel steel for valves used with high-tem- 
perature high-pressure steam. In power-plant practice, bronze or brass 
Valves are used only in the small sizes and then mostly for instrument piping. 

Various alloy steels are available for valve parts, such as seats, disks, and 
stems, which are subject to corrosion and erosion, The problem in seating 
materials is fivefold: (a) resistance to corrosion. from salts in steam or water 
and from included air or COs; (b) resistance to erosion, especially for the flow 
of wet and dirty steam; (c) good seating-metal qualities, to avoid galling 
when seat and disk ride over each other; (d) maintenance of high strength аб 
high temperature; (e) avoidance of distortion. 

Acceleration tests on seats and disks, set 0.003 in, apart and blown with 
250-Ib. per sq. in. steam for about 350 hr., showed that the following metals 
resisted erosion in about the order given beginning with the most resistant: 


1. Nickel-chromium alloy (20 per cent nickel, 75 per cent chromium). 
2. Stainless steel (14 per cent chromium). 
3. Monel and forged Everbright (30 per cent nickel). 
4. Cast nickel; copper alloys ( Ю per cent nickel). 
5. High-tin bronze (12 per cent tin). 


Bronzes give satisfactory strength and resistance to corrosion for teri- 
peratures up to 550°F., especially the nickel bronze, but show high erosion 
and low strength for higher temperatures. Monel metal had for a number of 
yeurs a monopoly for high-temperature work; but while it has good strength 
at high temperatures, and excellent resistance to corrosion, it is not satis- 
factory in resistance to erosion, and it galls badly. 

Distortion has much to do with seat tightness and durability. It is а 
function almost entirely of valve design, compensated by the fact that all 


* See See, б, p. 93 
f See pp. 2091 7. 
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present materials, monel, stainless steel, and nickel-chromium alloys, have 
coefficients of expansion exceeding those of cast. or forged low-carbon steel 
by 25 to 45 per cont... Consequently some distortion is bound to occur with а 
valve that is assembled cold and heated to 600° to 700°F., aside from the 
additional distortion that may come from pressure effects on the yalve body. 

Traps. In any system of steam piping, pro- 
vision must be made for removing water that may 
collect in the pipe from separation of moisture in 
the steam, slugs of water coming over from the 
boiler, or condensation due to heat loss through the 
pipecovering. This applies equally to superheated 
ав well as saturated steam lines, as it is entirely 
possible for water to flow along the bottom of a 
pipe in the presence of superheated steam. 

Open blows are generally provided to remove the 
condensate that occurs in a cold pipe line when 
being warmed up prior to cutting in for regular Fio. 44—Вискег trap, 
operation. Steam traps are usually used to remove the condensate that 
forms when the line is in service. 

Traps used for this service are usually of the bucket or ball-float type. 
Figure 44 is a cross section of a bucket trap. When the trap becomes full of 
water the bucket drops, thereby opening в valve which allows the water to 
be discharged. When the trap becomes empty the bucket lifts, thus closing 
the valve and preventing the escape of steam. By-passes should be provided 
around traps so that the pipe line may be drained while the trap is being 
repaired. Discharge from traps is generally collected in an open feed-water 
heater or in a receiver which in turn drains to a heater or water-storage sump. 

‘The steam loop is another method of draining а piping system. In this 
system the drips are collected in a receiver, or " pig,” forced by steam pres- 
sure to n tank above the boilers and then into the boiler drums. In high- 
pressure plants the trend is to eliminate traps and employ an orifice system 
which discharges to a feed-water heater. 


AUXILIARIES 


Condensers. The economies to be gained by reducing the exhaust pres- 
sure of steam engines and turbines have been indicated in the part on Prime 
Movers.* Condensers designed for service with steam engines generally do 
not contemplate vacuums higher than 27 in. referred to 30 in. barometer. 
Those for service with turbines are generally designed for a vacuum of 
29 in. wherever the temperature and quantity of cooling water permit, 
Under favorable conditions, back pressures of less than 0.5 lb. abs. have been 
obtained. 

Types. Condensers may be classified under two main headings: surface 
condensers in which the cooling water and condensed steam аге not allowed 
to mingle, and jet condensers in which steam is condensed by direct contact 
with cooling water. 

Surface condensers (Fig. 45) consist of a cast-iron or steel shell in which 
are placed tubes of 26 to 1 in. in diameter. Cooling water is circulated 
through the tubes. The engine or turbine exhaust enters the condenser 
shell at the top, and the steam is condensed on the tube surfaces, 

The tubes are held in tube sheets by screwed ferrules and packing of corset 
lace, fiber, or metallic packing. They may be rolled into the tube shcet at 

* P. 2460. 
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Опе end and sometimes at both ends, expansion being provided for either by 
bowing the tubes or by flexible ar- 


y Steam inlet 
rangement of tube sheet and water 22 


box. Tubes are composed of various Greeting 
alloys: muntz metal (60 per cent Cu, eoe 


40 per cent Zn) for reasonably pure 
water; admiralty metal (70 per cent 
Cu, 29 per cent Zn, 1 per cent Sn) 
for sea water. 

In single-pass condensers there is 
а single water box at each end of the 
tubes, In a two-pass condenser the 
Water boxes are divided into two 
compartments so that the cooling 
water passes through the lower bank 
of tubes and returns through the д рт 
Upper. 

Heat, transfer between steam and 
water depends upon velocity of cir- 
culating water and cleanliness of 
tubes, temperature difference, 
Amount of air on steam side of tube, 
and extent of water blanketing. 
Actually the heat transfer Exhaust inlet 
varies considerably in vari- 
ous parts of the condenser. 
For the condenser as a 
the hent-transfer coeffi 
may be taken as from 270 to 
500 B.t.u. per ва. ft. permean 
Чек. F. temp. diff. per hr. 
at water velocities of from РТА 
4 to 10 ft, per вес. Condenser body | breaker 

The square feet of surface 
required per kilowatt of 
prime mover served will 
vary with the steam rate of 
the prime mover, In gener- A 
al, for small unita of 500 to Уд 
1000 kw., the surface re- 
quired is about 3.5 to 2.75 
sq. ft. per kw. In larger — Ainpump, 
sizes, condensers have been У 
built with only 1 sq. ft. of y T 
surface per kilowatt turbine "= 
p 

Тһе quantity of cooling e 
water required per pound of 
steam condensed varies with 
the vaeuum and the tem- 
perature rise of the cooling Fra, 45. —Mtultijet high-vacuum condenser. 
water. For small units в 
temperature rise of 12° to 15°F. is usual; for larger units, when a higher 


Fro. 45.--Arrangement of downflow surface 


condenser. 


Water inlet 
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vacuum. is desired, the temperature rise of cooling water is reduced to 10° or 
11°F. Circulating-water requirements may be calculated from the equation 


w(H — a) 
gawd 
(to — ti) 
where Q is the cooling water in 
pounds per hour, w is the steam kis 
condensed per hour, H is the inlet 


specific heat of exhaust steam, 
аг is the heat of the liquid con- 
densate, and & and t; are the 
temperatures of the outlet and 
inlet cooling water, respectively. 
The ratio of cooling water to 
steam condensed varies from 50 
to 100 for turbines and from 20 
to 40 for engines, 

Air in the steam space of a 
condenser has a very detrimen- Fig, 47-0, 
tal effect upon the vacuum at- 
tainable, and it is necessary to provide means for continually removing 
it. Air entars the condenser with the steam and leaks in through shaft 
seals and other joints. It is removed by various types of dry vacuum 
pumps such as reciprocating pumps, steam-jet air pumps and, to a less extent, 
the Leblanc rotary pump. Air leakage into a large condenser should not be 
more than about 5 cu, ft. froe air 
per minute and in a tight system 
should be less than this, 

Jet condensers may be classi- 
fied as low-level, barometric, and 
ejector or multijet. In the low- 
level type (Fig. 46), condensate 
and cooling water are removed by 
means of п pump generally in- 
corporated in the base of the соп- 
denser. Ап air-removal impeller 
is sometimes mounted on the same 
shaft and is necessary when high 
vacuums are required. With- 
drawal of condensate and cooling 
water from а barometric 
denser is effected by a vertical 
tail pipe 34 ft. or more long. А 
dry vacuum pump is required 
with this type of condenser. The 
ejector or multijet condenser will maintain high vacuum, 29 in. Hg, with- 
out а dry vacuum pump, Coolin; applied to this condenser 
at a pressure of about 9 Ib. per sq. in. gage and is discharged through 
nozzles into a venturi-shaped passage the central portion of which is provided 
with inclined nozzles for the entrance of exhaust steam. The shape of the 
water inlet is such as to convert the static pressure into velocity, and the 
high-velocity jets force the entering exhaust steam and entrained air into 
diverging tail pipe which converts the velocity into pressure in order to over- 


supply 


en heater with integral flow meter 


ront sectional elevation of induced- 
Row open feed-water heater, 
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come the atmospheric pressure. Multijet condensers are suitable for prime 
movers up to about 10,000 kw. capacity. 

Feed-water Heaters. Feed water is generally heated by exhaust or bled 
steam from main or 
auxiliary engines or Water outlet, 
by flue gas, the latter 
method having been 
diseussed under 
Economizers,* There 
are two types of steam 
feed-water heaters— = 
open heaters and = 
closed heaters. In 72 
Open heaters steam: р a 
and water come in di- 27297 TEN Water Inlet 
reot contact with each уд, 4 M 
other, but in closed 
heaters the steam and water do not mingle, the water flowing through tubes 
and the steam around the tubes. 

Open heaters generally operate at about atmospheric pressure and a vent 
is provided to allow the escape of non-condensable gas, The removal of 
these gases constitutes one of the advantages of this type heater. Also, 
in open heaters, when the steam supply is not limited, no temperature head 
is lost as the water is heated to the saturation tem- 
perature of the steam in the heater. In closed 
heaters, however, the leaving water is generally 
from 2° to 12°F. below the temperature of the steam 
in the heater. Closed heaters permit feed water to 
be pumped through several heaters in series with 
but one pump. 

Deaerating open heaters are frequently: provided 
with в small condenser through which non-conden- 
sable nnd eondensable vapors flow to the atmos- 
phere or are removed by a vacuum pump depending 
upon the pressure at which the heater operates. 

Open heaters may be classified as through flow 
in which all of the steam is forced through the heater 
irrespective of whether it will be condensed; and 
induced flow in which the flow of steam into the 
heater is induced by its condensation. 

Figure 47 is an example of a through-flow-type 
heater. It consists of a cast-iron shell in the upper 
part of which are trays or pans over which the water 
flows in finely divided streams. Steam entering 
through an oil separator is directed across the falling 
streams of water. That part of the steam not condensed exhausts through 
the outlet at the top. The bottom part of the heater serves as a reservoir, 
Figure 48 is а cross section of an induced-flow-type heater. In some open 
heaters, nozzles tuke the place of the trays and break the water flow into 
finely divided sprays. Metering equipment and filter bed are frequently 
made integral with open heaters. 


Steam inlet 


Blowoffs 


—Multipass closed heater with floating heads. 


Fio. 50—M ultitube 
+ coiled closed heater. 


*Р.2. 
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Closed heaters may be either water tube or steam tube, but for power- 
plant service the former is in more general use. The water tubes may be 
straight, hairpin, or arranged in coils. They may be single- or multipass. 
Figure 49 is a cross section of a straight-tube four-pass heater suitable for 
use with bled steam. Figure 50 shows a coil-type hester. 
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Pumps* 
Boiler-feed Pumps. Reciprocating steam pumps are often used in the 
smaller plants, but centrifugal pumps are now usually used for this service 
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тла, 51.—Characteristie curves of centrifugal boiler feed-water pumps—six stage, 
1775 r.p.m., based on 150°F, water. 


particularly in larger plants. The advantage of the latter type lies in the 
fact that it can be driven by either electric motor or steam turbine. The 
centrifugal boiler-feed pump is generally built in two or more stages. Total 
pressure is from 50 to 100 Ib. per sa. in. above boiler pressure depending upon 
the piping and equipment, such as feed-water heaters and economizers that 
are installed between the boiler and the pump. The pumps usually haye 
relatively flat characteristic curves. 

Figure 51 shows the performance curves of a typical centrifugal boiler 
feed-water pump. 


+ Зее See. 20. 
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Condensate Pumps, Centrifugal pumps are used to remove thy con- 
densed steam from the condenser hot well. They should be installed so 
that the water will flow to the pump under а head of 3 to 4 ft. in order to 
prevent cavitation. Condensate pumps usually have horizontal inlets and 
vertical discharge to prevent air pockets. The suction passages of the pump 
are frequently, connected to the steam space of the condenser to equalize 
the pressure and so assist the flow of condensate to the pump. The discharge 
of the pump should be provided with a check valve to prevent water from 
flowing back to the condenser. 

Condenser circulating water pumps, supplying cooling water to the 
condenser, are generally double-suction slow-speed low-head. centrifugal 
pumps. It is frequently necessary to provide priming apparatus, such as a 
steam jet which removes air from the pump casing and draws water up into it. 

Forced- and Induced-draft Fans.* The static-pressure requirements 
of the fans depend largely upon the ratings desired and local conditions. 
Normally, in industrial plants, the forced-draft fan will not be required to 
produce a static pressure of over 2.5 to 3 in. water. The pressure require- 
ments of induced-draft fans are influenced by the heat economy equipment 
through which the flue gas must pass. With economizers and air preheaters 
the induced-draft fan may be re- у д 


quired to develop as much as û 28 

to 8 in, static pressure. 26 | 
From the chart (Fig. [D | 

be found the weight of flue дав 

that an induced-draft fan will be 26 

required to handle per pound of , 25, 

fuel burned and for various com- = 2 

bustion conditions. The weight 825 

of gas сап евайу be converted to. 5 22 

cubic feet at the temperature of =>, 

the exit gas from Fig. 53. Inse- E 

leeting fan capacity, an addi- 220 

tional allowance of about 5 рег 2 19 

cent should be allowed for air $18 

infiltration, The same chart 17 

can be used to obtain an esti È 1g 

mate of the forced-draft-fan с д. 

pacity by assuming 1 Ib, less air 

per pound of coal than indicated 7 

in Fig. 52, Ы Р 7 
Horsepower requirements for 2 

ian drives may be caleulated nl 

from the equation 1 | 


0, 
[ 12000 15000 

ula EIE 

Fro, 52.— Weight of flue gas per pound of coal 
Where Q is bie foot of ens per Putin by Bas жеши ЛЫ) О" 
minute; À, static pressure de- 
veloped by the fan in inches of water; and E, efficiency of fan based on static 
Pressure. Fan efficiencies vary from 50 to 65 per cent. 

Fan Types. Fan rotors are available with forward- or backward-curved 
blades, and with radial or straight blades. The effect of blade curvature on 


Horsepower = 
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fan characteristics is shown in Fig. 
54. Generally a fan having a ris- 
ing horsepower characteristic such 
as obtained with forward-curved 
blades is not suitable for forced- 
draft service Lut can be used for 
induced draft. Fans may be ob- 
tained with single or double inlets 
and with discharges arranged verti- 
cally up or down, or horizontal. 

Power for Auxiliaries. The 
total energy required to operate 
power-plant auxiliaries varies from 
about 3 to 8 per cent of the output, 
depending to some extent on the 
operating pressure, size of plant, 
type of auxiliaries, method of coal 
handling, and type of combustion 
employed. 

In plants using pulverized coal, 
the energy required for preparation 
varies with the charaeteristies of the 
coal: its dryness and fineness re- 
quired and with the type of system 
employed. The energy for coal 
preparation in bin systems varies 
from 20 to 30 kw. per ton, in direct- 
fired systems at full load from 15 to 
20 kw. per ton, and at quarter load 
from 35 to 45 kw. per ton. Under- 
feed stokers including forced-draft 
fan require from 4 to 10 kw. per 
ton of coal burned. 


Air Compressors— Types 

Air-compressing machinery may 
be classified under the following dis- 
tinctively different. types: (a) fan; 
(b) rotary blowers; (c) reciprocating 
compressors; (d) turbo-compres- 
sors; (6) jet blowers. 

„Fans are used where a large vol- 
ume of air at approximately atmos 
pheric pressure has to be moved, 
and where the pressure differential 


ia small, seldom exceeding 15 to 16 € 


in. of water. Fan characteristics 
have been covered previously in 
this section. 

Rotary blowers are designed to 
deliver air in the pressure range of 
5 ов. to 12 Ib. per sq. in. They 


+ See Вес. 20. 
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Tange in capacity from 5000 to 15,000 cu. ft. per min., and in speed from 375 to 
800 r.p.m. for the smaller sizes down to 160 and 220 r.p.m. for the larger sizes. 

Blowers of this type are usually preferred to а centrifugal fan for cupola 
service, because their positive displacement action maintains the air supply, 
even if the cupola becomes clogged. They may be urranged to develop 
constant-pressure ог constant-volume characteristics, Efficiencies vary 
between 80 and 90 per cent. 

Rotary blowers differ greatly in design, but they generally embody two 
blades, impellers, or displacers driven by gears and rotating in opposite 
directions. These impellers are housed in a casing. In rotating they trap 
between them and the casing a volume of air which is carried from the inlet 
to the discharge side of the casing. 

Reciprocating compressors are used for pressures ranging from 10 lb. 
per sq. їп. up to 2000 Ib. per sq. in. Compressor capacities generally range 
from a few cubic feet to 5000 cu. ft. per min., though some very large com- 
Dressors for blast-furnace service have been built. Turbine compressors are 
now very largely supplanting reciprocating-type compressors in this service. 

Reciprocating compressors are constructed very similar to steam engines, 
excepting that the valves are generally of the automatic type as distinguished 
from mechanically operated valves. For small compressors, poppet valves 
of the single-beat-cup type are most extensively used, while for all other 
Services some one of the various light-weight plate or strip valves isemployed. 
Compressor cylinders may be single or double acting. For pressures up to 
500 or 600 Ib. per sq. in., double-acting cylinders are used, while for very 
high pressures, in the neighborhood of 1000 Ib. per ва. in., single-acting cylin- 
ders give the best service. 

For low pressures, the compression is generally accomplished in asinglestage. 
For large-sized compressors, the compression ratio per stage is generally 3 to 4. 

For the relatively smaller size (50 to 300 cu. ft. per min.) the compression 
ratio may be 7 to 8. When two-stage compression is employed, the air is geri- 
erally cooled between the first and second stages in order to improve the 
efficiency of the compressor. After-cooling is also resorted to, in order to 
reduce the moisture content of the delivered air. 

Volumetric efficiency of piston-type compressors, the ratio of the free air 
volume actually taken into the compressor at intake pressure and tempera- 
ture to the piston displacement, varies from 50 to 75 per cent for single-stage 
100-Ib. machines and 80 to 90 per cent for multistage machines, Compression 
efficiency (based on adiabatic compression) varies from 74 to 90 per cent, 
largely depending upon the compression ratio. 

Re eating compressors are generally water-jacketed, in order that 
compression may normally approach isothermal and so improve the com- 
pression efficiency. 

Turbo-compressors are very similar in construction to centrifugal pumps. 
"They are designed for volumes ranging from 1000 to 100,000 cu. ft. per min. 
and for pressures up to about 125 Ib. per sq. in. The usual size for a single- 
stage compressor is from 1000 to 25,000 си. ft. per min. One of the largest 
turbo-compressors now in operation has a capacity of 100,000 cu. ft. per min. 
at a pressure of 2151Ь. per sq. in. Efficiencies of 75 to 80 per cent are obtained 
with this type of compressor. 

Jet blowers operate on exactly the same principle as feed-water injectors 
and are made in capacities ranging from 100 to 600 cu. ft. per min. They 
require steam pressures of from 75 to 90 Ib. per sq. in. or water pressure of 
from 45 to 75 Ib. per sq. in. 
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The horsepower required to compress air in a sitizle-stage compressor is 
п-1 


144 n LT (P\ т 
Horsepower = 3300 Xy xml ( ) - 1] 


where Vi represents the volume of gas compressed per minute; Ру and Ps, 
the pressure in pounds per square inch absolute; n is а constant. For adia. 
batic compression of air n is equal to 1.4; for isothermal compression n = 1. 
Actual compression, because of jacket cooling, lies between these extremes, 
and n is generally taken at 1.3. 


POWER-PLANT COSTS 


Any fgures on power-plant costs, either investment or operating, ure 
likely to be misleading unless interpreted in the light of all local conditions. 


Table 11. Distribution of Boiler-plant Costs* 
‘Two similar boiler plants, one stoker fired, the other pulverized-conl fired and both 
designed by the same engineer, Both boilers were of the same make, inclined-Water- 
tube type, and each rated at approximately 1000 hp. 


Components of plant 


Excavuion, 1... a 
Concrete reinforced foundation below grade р: 
Concrete setting walls above grade. 


Concrete floors, basement, and boiler room. E sp (5| nm 
Boiler delivered and erected, including alag Screen, scar-all protection, and front 

‘water wall Pv e| 2310 | 20.8 
Drake armor clad, for rear-wall water tubes. joa 
Ashpit doors... + 022] 0з 
Supporting steel for boiler aud air-cooled wails 455 | 615 
Superhenter. Sp se] 5o 
Air-cooled wall refractory and brackols. | 28| 45 
Boiler setting including all refractories except air-cooled жай. 98| 9% 
Stoker: 29 tuyères, 10 retorts, double 14-in. crusher rolls; projected area 240.8 aq. ft. | 

stoam-turbine, stoker drive direct connected; crusher rolls driven by hydraulic 

motor; overspeed governor... 16.70 
Non-Seg coal distributors, three vis. 1:69 
Pulverized-conl oquipment: 2 puiverizers, 6000 Ib. per br. each; 2 low-pressure coal 

‘burners; coal piping from pulverizers to burners; motors direct connected to 

pulverizers. . PR, 67041. A 14.50 
Boot blowers, £. asses sand рүм ph 2:8 | io 
Tostrumenta: aleam flow meter, COs meter, multipoinler draft gago, ue-gas tem 

perature гесоеЧеге.........-....... RIS 1.80 | 1,62 
Combustion control... 145 
Liquid-level gage. ë 0:19 
Soot-pit gates and metal hoppers, 0:91 
Steam purifier and deconcentrator 0:96 
Foed-water regulator. 019 
Piping and insulation... 5.07 
Platforms and айз... 1:52 
Blast fan, turbine driven, 35,000 cu. ft. per min., Gin. w. R. 335 
Flug...) 2.49 
Biast-duct work, including return air from air-cooled walle 
Blast-duct, work, not including return air from air-cooled walls еп 

‘Total cost... + 
Taduced-draft fan, 47,000 ci. fi: pèr min., 65 Бр, motor driven. 16 
Steel supports Went 0:61 
Economizer. t 11.68 
Extra fue FARGO BONUS nera и зе | 0.61 

Total еоё........ Ве : 398,660 


‘The economizer and necessary fan increase the guaranteed efficiency at 200 per cent of rating from 78 to 
83.6 per cent, and this shows з gross saving of about $8000 per year, 
* From article by Samuel М. Green, Power, Nov. 4, 1930. 
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Table 12. 


« Rating of plant, kw.- 
Number of generators. . 
Number of boilers, 
Capacity, Ib. steam per br. . 
Pressure, Ib. per sq. in. 
‘Temperature, °Ё..... 
Fuel...,... 
Operating costs exclu 


ing fixed charges, mi 
First Costs 
Dollars per kw 


Land and site preparation. 
Building and foundation 
Condenser water wor 
Fuel unloading and storage 
‘Ash handling. 
Fuel preparation. . 
Switch gear and station wiring. 
Boiler plant 
Draft system, . 
Feed-water system. - 
Piping. : 
Heat-recovery equipment 
Generator air coolers 
Main condensers. 
Turbo-generator. 
Turbine nuxiliaries 
Turbine foundation. 
‘Total including mis 

Plant has steam reheaters, nir ргећ 

five-stage feed heating. 
* From Electrical World. 


Table 13. 


Foundations for building equipment 

Building and fuel bunkers. 

Boilers, superheaters, soot blowers (erected 

jconomixer (erected) t. 

Air heaters (erected). 

Settings. .......- 

Coal firing und forced-draft equipment? 

andling equipment. ..... 

handling equipment 
Breeching and chimney 
Feed pumpe. 
Piping. ms 
Water-treating plant 
Motors, wiring, and lighting 
Combustion control 

* From an article by Н. Bleibtreu, Power, 

+ Boiler pressures of 250 Ib. and less. 

1 Including unit mills in case of powdered coal. 
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High-pressure Plant Costs* 
Plant built in 1934 


75,000 
1 


1 
690,000 
1,390 
835 
Pulverized coal 
Ша per kw 2.05 


3 
3 
1 
0 
17 
0 
0:92 
100, 18 


tery, combustion control duplex feed pumps, 


Analysis of Costs for Industrial Boiler Plant* 


Dollars 
per 10 Sq. Ft, 


n 


. 6, 1931. 
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Table 14. Boiler-plant Costs 
Purchased 1938-193 


Number of boilers 


Boiler capacity, Ib. per hr. each 
Pressure, Ib. per sd. їп. 
Temperature, *F. 
Water 
Superheater. 
Setting 
Pulverizers. 
Burners. 
Stoker... 
Air preheater, 
ропот 
ing. 
Misc... "— 
‘Total cost installed. -1.1.1 
Cost per Ib. зевт..........- 


heck marks indicat 


equipment included in cost. ЗВ. 


as only a guide. 
Total investment costs in large steam central stations vary from 
$110 per kw. of installed capacity, depending upon the plant location, 


load factor, or with cheap fuel, may not warrant the additic 
In industrial plants the unit investment costs vary over a wide range. 


but this in turn is offset in view of fewer refinem 
trieal end, which tends to reduce the total ui 
and building costs are ш 

The cost of steam turbines and generato 


more for bleeder-type units. 


and non-condensing units and slightly 
large turbine-generators, such as 


per kw., or lower. 


steam costs should range fr 
kilowatt-hour, exclusi 


average delivered cost when fixed charges, distribution, and о 


kilowatt-hour, according to statistics of ће U. S. Geological Survey. 


Load factor, size of units, and price of fuel will vary operating costs over a 
wide range. In view of this, such figures as are given may be taken at best 


units, and the refinements in equipment. In a plant designed for base-load 
service, or to operate with high-priced fuel, the operating savings through the 
installation of more efficient equipment will more than offset the increased 
charges on the investment. Conversely a plant designed to operate on n low- 
al investment. 


smaller size of units tends to increase the unit cost of individual equipment, 
nts, especially in the elec- 
costs. Moreover, the 
Шу lower than in the case of central stations. 

with exciter, in sizes commonly 
employed in industrial plants will range from $25 to $35 per kw. for condensing 


d in large central stations, will run $15 


Operating Costs, In the modern and well-managed industrial plant, 
in 22 to 35 сїз. per 1000 Ib., depending on the 
st of fuel, size of units, load factor, and labor cost. The electrical cost per 
of fixed charges, will depend upon the use of exhaust 
steam for process, This may vary from half a cent to two or more cents per 
kilowatt-hour. In the large modern central station, the cost at the switch- 
board may be as low as 3 mils per kw.-hr., but this is only в fraction of the 
verhead are 
considered. The best of such stations are operating on approximately 1 lb. 
of conl per kilowatt-hour and the average for the year 1932 was 1.5 lb. per 
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Table 15. Volume Structural-steel Weights, and Cost of Boiler 
Houses with Coal Bunkers 


Cost of building and coal 
‘bunkers above 
foundation 


boiler Per cu, ft, | Per 10 за. 
surface | Surface | building | ft boiler 
| ‘space | space 
1. Two 5120-2q. ft. tralght-tube boilers, 3 unit mill, 
overhead bunkers... ns 197 30.2 | s% 
2 Four 6000. ft, 4arain’Stirling-type boilers, | 
traveling-grate stokers, overhead bunkers 158 280 0.25 39.30 
3, Mix ВО а, ft, Sdrum Stirling-typo boilers, 
traveling-grate slokers and blast-furnace gas 
overhead bunkers... 150 20 0.16 | 23,55 
4. Six 9120-aq. ft, Dollars economizer, 8 unit mills 
traveling grate stoker, overhead bunkers. . 193 29 oaz | 31.55 


| 


Diesel Engine Plant* 
ton & Weeber, Engineers, Grand 


Table 16. Details of Construction Cos! 
(Board of Public Works, Grand Haven, Mich. Ham 
Rapids, Mi 


‘Total 
Including 
Labor and 
Material 
1. Виййт.......... .. $38,105.92 
Brick, concrete, and steel construction brick exterior with stone 
trim, 4,2717 sq. ft. floor area, 171,930 cu, ft. contenta including 
basement. 
Building cost per sq. ft. 
Building сове per cu. ft..... 
(1600 kw.) bldg. cost kw. plant capacity—present. 
(2600 kw.) bldg. cost per kw. plant capacity—future. 
Diesel Engine Units and Foundations: 
T Wo—1140 b.hp., 6-cylinder, 200-r.p.m. model VB, 4-eycle solid-in- 
jection, De La Vergne engines with auxiliary compressed-air s 
equipment, and two 800-kw. Elliott generators with two 1 
direct-conneeted exciters: 
iquipment contract 


$101,979.00 
6,590.30 


21 
66 
17 
E 
51 
196 
.00. 


$113,494.20 


Form lumber 
Labor. 
Equipment rental. 
Pyrornete 
Insurance 


3. Switchboard and Station Power: 
‘Westinghouse contract ^ PAY $10,014.51 
Wiring to generators and exciters. 1 

Station auxiliary power lines 

Brown-Boveri voltage regulator, . 


* From Power, Sept. 22, 1081. 
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Table 16. Details of Construction Costs, Diesel Engine Plant*— 
(Continued) 
Total 
Including 
Labor and 
Material 
Traveling Crane 
5-ton, 55-14. span hand-operated 
(Crane erection incl. in building contract). 
Fuel-oil 8; 


$1,081.38. 


100,000. storage tank, contract. $1,795.00 
Excavation 2,050.60 
Foundation and sidewalks ка 1,840.20 

йш. шу... «5 бын че 14878368. 

D-50 Hydroil purifer— contract У 1 1,875.00 

50-gal. per min. fuel unloading pump. 225.00 

"Tank gages Ins 307.72 


89,976. 


6, Lubricating-oil Syste) 
1:50 Hydroil purifier—eontract. 
а E 
Tank gauges. ‚а.а 


‘Two oil cooler: 


7. Air Intake: 
Two 6-unit а 
Piping. : 


B. Exhaust System: 
‘Two De Lu Vergne 
Exhaust piping. 


-compartment mufflers... svs. « 


9. Cooling-water System: 

Intake and wells 
Equipment rental... . . 

Elevated, 15,000 gal., steel storage tank on 5 

Tank foundation 

King-Secley tank gage ХФ 

Pumps, опе 400- and one 600-gal. per min. contraet 

Piping and miscellaneons material 


Building Heating Equipment: 
One— 916,000 B.t.u. unit heater 
Piping and office radiation. 


11, Substation 
One Delta-Star subtai 
Foundations 
‘Conductors and erection. , 
‘Transformers, 2000-kva., 230 

volt power... 


з tower with bus and switching equipment. . 


volt auto and one 83; 


300/6600- 
has 3,006.35 


12. Engineering: 
Hamilton & Weeber, design and consulting engineers... 
Local inspections. . н 


f From Power, Sept. 22, 1931 
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Table 16. Details of Construction Costs, Diesel Engine Plant*— 


(Concluded) 
Total 

Including 

Labor and 

Material 

Summary 

d ТТР Р * $38,105.92 
2. Diesel engine units and foundations. Aces 113,494.20 
3. Switehboard and station power. a 16,412.01 
4. Traveling crane 5 m 1,081.88. 
5. Fuel-oil system. E ; " Wis Ф 9,976.18. 
6. Lubricating-oil system. els о 5 . 2 8,733.97 
7. Air intake... ....- Ndi have 2,184.05 
i M err 2,268.67 
9. Cooling-water syst ^ P 9,219,46 
10. Building heating equ б 801.12 
11, Substation... ? m B 8,862.08 
Subtotal. .......- us $206,739.64 
12. Engineering. Melt M 8,831.07 
Total construction cost 2 t $215,570.71 


* From Power, Sept, 22, 1931. 
Table 17. Diesel Engine Bids for Greenville, Tex., Municipal Plant* 


Make of engine 
Amarican | Bush- i | Bab | Hamilton | Nordberg | манн 
Lomnoive| Ваше | Suer | MAN, | "e Н 
Horsepower, ао. 1800 » |. 2400 250 | 1875 2250 
не. | тизер [ер 98 27 | &D-09-27 | тирсуае | Tease Two-cyole 
mech. in- Single cs 
jection E im 
Аш] capacity, kw... 1250 1250 1690 1500 1585 
„рата. ‚| 27 20 20 20 225 
Number of cylinders. 10 6 8 6 6 
Меш effective preasüre, 
Tb. per sq. ші... 7 614 | 614 60 65.7 
Method of scavenging. . | Reciprocat-| Blower port | Blower part Loop Pump 
ing p | 
| мше 
Gal. per min. 90°F, cool- | 
ing water. 450 360 480 350 310 375 
Intake-air filter, . Yes Ye | Ye Yes Yes Yos 
Cost per hp. $53.90 | $57.03 $54 $5.1 $59.00 $57.94 
Cost per kw. 377.60 | 58213 | 375.87 | 38267 | 383.70 | $82.25 
"Total installed cost. „| $97,036 | $102,664 | $128232 | $124,000 | $110,614 | $130,337, 


* From Diesel Power, July, 1937. 


MECHANICAL POWER TRANSMISSION 


BY WILLIAM STANIAR 
BELTING 


Power belting is one medium of supplying a given amount of power at a 
certain cost per unit of time, which if properly selected and applied should 
result in the transmission of power at a low cost per horsepower per yenr over 
а long period of useful service. 

‘There are four general classes of power belting: leather, rubber or Neo- 
prene, stitched canvas, and hair. The characteristics, properties, and uses 
of these classes are generally applicable to all types and brands manufactured. 
‘Therefore, based on the fact that the transmission of power by belting covers 
such an extensive field, it is essential for economy and efficiency that the proper 
helt as to type, width, and thickness be employed for given installation. 

The theory of belt transmission is ably discussed in such mechanical hand- 
hooks ns those of Marks and Kent, but in actual practice, type, width, and 
thickness are most important. Therefore, these factors will be treated in a 
condensed form. 


Leather Belting 


‘The best leather belting comes from the hides of 3- or 4-year old steers and 
is generally cut from a slab known as the butt bend, 44 to 48 in. from the root 
of the tail toward the head and 24 in. on each side of the backbone of the 
animal. The location of the cut in its relation to the backbone is most 
important. The process of building the belt is a series of operations which 
include cutting to required widths, matching ends for thickness, scarfing and 
tapering the ends of the strip, squaring of the scarfed ends, and, finally, tho 
cementing and the inspection. 

There are numerous grades and brands of leather belting, but, essentially, 
there are three distinct types, namely, (1) regular oak tanned, cemented 
with a non-waterproof glue if a non-waterproof belt is desired, or cemented 
with a waterproof pyroxylin cement if a waterproof belt is desired, (2) mineral 
retanned, and (3) the combination of oak tanned and mineral retanned. 


Regular Oak Tanned. 


Characteristics. Made in 1 ply, 2 ply, and 3 ply, Known as singles, doubles, and 

riples. 4 ply is very rare, 

‘Thickness of singles, 1964 to 1464 in.; doubles, 34 to 34 in.; triples, 185 to Ma in 

Widths of singles, 4§ to 10 in.; doubles, 1 to 72 in.; triples, 24 to 72 in, 

Fabricated with a hot non-water-resisting glue. It does not possess flexibility when 
new, Ultimate tensile strength, 4000 to 6500 Ib. per sq. in. Tthaslowstreteh. Сон. 
cient of friction: new oak, 0.27 to.0.45 warn oak, 0.35 to 0.00, It will take any 
type of metallic fastener and can be made endless at the point of application if necessary 

Uses. Singles: (1) Small power applications: (2) light machine-tool driving: (3) 
on pulleys 3 and 4 in. diameter and over; (4) on light shifting drives; (5) where moisture 
ог acid is not present. 

Doubles: (1) medium and heavy power applications; (2) all manner of machine-tool 
driving; (3) if light double, on pulleys 6 in. diameter and over; (4) if regular double, on 
pulleys 10 in, diameter and over; (5) on shifting drives; (6) where moisture ar acid is 
not present, 


Waterproof Cemented Oak-tanned Belting. 

Characteristics. This type is made in similar plies, thicknesses, and widths to, and 
possesses all the characteristics of, non-waterproof oak, but it has the advantage of 
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being water- und moisture-proof. Its cost is approximately 10 per cent higher than 
regular oak, but this additional expenditure is insurance against premature destruc- 
Won. This type is steam-proof and сап be operated immersed in water if necessary. 

"Uses. (1) All places where regular oak is applicable; (2) in moisture, steam, and 
sloppy conditions; (3) not in the presence of acid. 


Mineral-retanned Leather Belting. 

Characteristics. This type is an entirely different leather from the regular oak- 
tanned variety and, therefore, has definite characteristics of its own. It is made in 
similar thicknesses and widths to regular oak, but its ability to transmit power is greater, 
ply for ply and width for width. It possesses а tensile strength of approximately 6000 
Ib. per sq. in. and has a coefficient of friction of 0.00 to 1.10. It possesses low “stretch.” 
Tt has extreme flexibility and, therefore, is efficient on high-speed, small pulley work. 
It is fabricated with a waterproof cement and, therefore is impervious to the action of 
5 Tt is moisture-, steam-, and heat-proof and will resist the action of corrosive 
acids for в considerable period of time. Те will take any type of metallic fastener and 
can be made endless at the point of application, Те ean be repaired, eut down, rebuilt, 
and salvaged in а manner similar to oak-tanned loathe 

Uses. Singles: (1) High-speed motor drives up to 734 hp., 1200 to 1800 r.p.m.; 
(2) high-speed spindle drives of various machine tools such as internal and external 
ders; (3) mule-pulley installations on small single- and multiple-drill presse; (4) on 
pulleys as amall as 1¥ in. diameter; (5) pivoted motor-buse drives when made endl 

Doubles: (1) High-speed motor drives, 10 hp. and up, 720 to 1200 r.p.m.; (2) 
speed pulleys 6 ín. diameter and over; (3) high-speed spindle drives of the larger machine. 
tools; (4) automatic idler and pivoted motor-base drives when made endless, 


Combination Oak- and Mineral-retanned Leather. 
Characteristics. This type of leather belting is made, as the name implies, of a 


combination of the regular ouk-tanned and mineral-retanned types joined flesh side to 
flesh side with a cement insoluble in water. It is made in doubles only. Tt is made in 
timilar widths to regular oak. Tt is specially manufactured for shifting, step-cone, and. 


Tlanged-pulley drives because the oak tannage resists the transverse crumpling notion 
оп the flexible retanned type of leather caused by the action of shifter forks and pulley 
flanges, It ia moisture- and steam-proof, but will not resist the action of corrosive acids. 
It will take any style of metallic fastener and ean be made endless at point of application. 
Its repair and salvage values are similar to those of all types of leather. 
Uses. (1) Heavy slow-epeed loads, such as 200 to 500 ft. per min. 
Тоове pulley drives; (8) step-cone and Alinged-pulley drives; (4) pull 
under 8 in. diameter; (5) heavy-duty milling machines or lathe work. 


Formulas for Leather Belting. Where T equals allowable effective 
pull; W, width of belt in inches; and S, speed of belt in feet per minute, 
Single Oak Leather Belting. Heavy single, 1264 to 146 
sible effective pull Т in tight side per inch of width = 45 1b.. 
Formula: 


(2) shifting and 
уз should not be 


TWS 
Horsepower = 33.000 
Double Oak Leather Belting. Medium double, (s to 1145 in. thick, Allo 


able effective pull T in tight side per inch of width — 
Formula: 
TWS 


ове опите S 
ВЕК 


Single Special Tannage Leather Belting. Heavy single, 1264 to 1464 in. 
thick. Allowable effective pull 7 in tight side per inch of width = 50 Ib. 
Formula: 
TWS 


Horsepower 33,000 
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Double Special Tannage and Combination of Oak and Special Tannage Leather 
Belting. Double, 516 to 1142 in. thick. Allowable effective pull T in tight 
side per inch of width = 70 Ib. 

Formula: 


Horsepower = 


Atmospheric Effects on Leather Belting. Regular Oak Non-water- 
proof Cemented: An atmosphere charged with steam or moisture cau: 
separation of the lap and plies because of its action on the cement or glue. An 
atmosphere charged with the mists or vapors of the corrosive acids attacks the 
leather causing rapid deterioration. 

Regular Oak Waterproof Cemented: An atmosphere charged with steam 
or moisture has no effect because in this type the leather is dressed and the 
pyroxylin cement is impervious to the action of moisture. An atmosphere 
charged with the mists or vapors of the corrosive acids attacks the leather 
regardless of the dressing causing rapid deterioration. 

Special Tannage Waterproof Cemented: An atmosphere charged with 
steam or moisture has no effect on this type because of the special tanning of 
the leather and the pyroxylin cement. An atmosphere charged with the mists 
or vapors of the corrosive acids attacks this type but is slow in its action, 

Combination of Oak and Special Tannage: This type is waterproof due 
to the pyroxylin cement, but the oak ply will not resist the action of the mista 
and vapors of the corrosive acids. 

Leather-belting Dressings. There are numerous cheap and low-grade 
atick and semiliquid dressings on the market most of which contain resin, tar, 
and graphite. All such ingredients are injurious to leather and also to its 
power-transmitting ability; therefore caution should be exercised in their 
use, Belting of any type does not pull its lond by being stuck to the pulleys, 
It functions through its own natural frictional grip. 

Leather belting requires periodical lubrication or dressing because the 
heat generated by the transmission of power is absorbed by the belt, resulting 
in а drying out of the cod oil and beef tallow used in the currying process. In 
view of this, a dressing should contain similar ingredients во that penetration 
and lubrication of the fibrous structure will result. Reputable leather-belting 
manufacturers supply dressings containing the above currying materiala 
which can always be employed to an advantage on oak leather belting whether 
waterproof or non-waterproof. Special tannage leather requires a special 
dressing which is also supplied by the respective manufacturers. 

Under normal operating conditions leather belting should be dressed every 
two or three weeks, and the most effective results are obtained by applying 
the dressing to the outer ply. This allows the material to work its way 
through the leather and, therefore, preyents an accumulation on the pulley 
side of the belt. 

The Effect of Centrifugal Force. The action of centrifugal force creates 
in a belt centrifugal tension which is in addition to any other existing ten- 
sion, This centrifugal tension is caused by the action of the different portions 
of thé belt upon the belt itself based on the speed in feet per minute. How- 
ever, in the average industrial belt drive, this action is not of sufficient moment 
to cause anxiety because the average horsepower formula fakes this factor 
into consideration. The following formula may be used to ascertain the 
centrifugal tension in a belt: 
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where 7, is centrifugal tension in pounds; W, weight of belt in pounds per 
foot; and S. = speed in feet per minute: 


Horsepower Losses Due to Centrifugal Tension 


Speed of Belt, Ft. per Min. Percentage off Rated hp. 
1000 1 
2,000 4 
3,000 8 
4,000 15 
5,000. 28 
6,000 p 
7,000 46 
8.000 60 
9,000 70 

10,000 95 


Notes: At 10,000 ft. per min. centrifugal tension almost equals effective tension or 
T, = Ts, 

"These losses are applicable to belts operating without automati 
motor-base control, 


idler or pivoted 


Practical Belt Speeds. Belt speeds of 1000, 1500, 2000, and 3000 ft. 
per min. are common, but the most economical and efficient belt velo 
тапде from 3500 to 4500 
fi. per min. At 5000 € - 
ft. per min,, centrifugal ш 
tension is high, causing 
excessive strain and % A 
Wear on the belt. At 
10,000 ft. per min., the 
centrifugal tension 
fqunlizes the normal 
tension of the belt which 
theoretically reduces 
the power-transmitting 
ability to zero. 


in Inches 
= 


Belt Wid: 
| 
INI 


Rubber Belting нф ial 


Origin. Rubber 
belting made its ap- | 
Pearatice approximately | A 

0 


10 +4 


in the year 1844, but it 
did not receive much ЕТ таас ees SRT TET 
impetus until after the Standard Cost in Dollars per Running Foot for: 

close of the Civil War, Single Ply Belt, Subject to Discount: 

at which time leather Fia, 1, 

became scarce and high 

priced, However, the industry did not reach its real period of growth until 
after 1880. 

Construction. The average belting of this type is known as friction 
surface rubber belting, and it is composed of plies of powerful cotton duck 
impregnated or frietioned with a strong, tenacious, slow-aging rubber com- 
pound. Modern manufacturing methods produce a belt which is homo- 
keneous and inseparable, possessing strength, flexibility, and durability when 
properly selected and applied. The rubber friction is forced into the inter- 
вїїсев of the duck by massive iron calender rolls. 
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Manufacture. After the duck for rubber belting is thoroughly inspected 
and dried, it is impregnated or frietioned with the rubber compound, This 
rubber must be compounded so that the resultant material will be highly 


elastic and tough and be capable of 
retaining these particular qualities 
during the full life of the belt. 

‘The actual manufacture of the belt 
begins with the eutting of the friction 
duck to the desired width, the width 
of the strips depending on the size of 
the belt desired. After cutting, the 
duck is then folded in such a manner 
as to give the width and thickness of 
belt required. The raw belt, con- 
structed as described, is then placed, 
a section at a time, in а large horis 
zontal vulcanizing press. The time 
required for vulcanizing usually 
averages from 20 to 40 min., depend- 
ing on thickness. After this proc 
it is ready for the transmission of 
power. 

Characteristics. It is made in 2, 3, 4, 
5, 6, 7, 8, 9, 10, and 12 plies in thickness 
and from 1 to 84 in. in width. The numb 
pulley diameters, and power requirements. 


в 


= 


Number of Plies 
e 


а, 
P" 


T 


з 
0 4 8 i 6 20 24 28 32 36 40 
Belt Width in Inches 
—Relation of number of plies to belt 
width for rubber belting. 


ber of plies increases in proportion to width, 
The tensile strength depends upon weight 


and quality of the duck employed. It will hold any style of metallic fastener and also 


can be rawhide or wire laced. It can be m 
snufacturer. It bas no salvage 


nade endless, but this should be done by the 


10 
(1) High-speed motor 
drives, based on correct number 


of plies for pulley diameters; (2) 
crossover drives from line- to 


countershafts of machine tools 
when eontrolled by tight and loose 


(8) оп shifting driv 


Number of Plies 


> 


zi 
(faa 


action of the corrosive acids and 
will not resist the action of mineral 0 
ог animal oil for any great length 

of time; (6) all manner of belt 
driving when not subjected to the 
atmospheric conditions given. 


Dressings for Rubber Belting. 
lubricate the fibers of a friction surfa 
tion compound between and in the с 
types of dressings applied, based on ti 


endless amounts of trouble. The immediate use of vegetable castor oil 


boiled linseed oil on new rubber beltin 


and give a non-dangerous adhesiveness to the belt. These oils are benefi 
if used sparingly on old or worn rubber belting. 


7 

LF 

4 B 0 16 20 24 28 32 36 40 44 48 
Minimum Pulley Diameter in Inches 


Fic. 3.—Relation of number of plies to pulley 
diameters and speeds for rubber belting. 


It is impossible to actually dress or 
се rubber belt because the rubber їтїс- 
duck plies cannot be penetrated. All 
‘his fact, remain on the surface causing 


ng will remove the bloom of the rubber 
al 
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Formula for Rubber Belting. Rubber-belting manufacturers uae the 


following formula: 
WNS(T: = T) 5) 
Hp: 33,000 (: Е, 


where Hp. = horsepower capacity of belt, 
width, in. 
number of plies. 
belt speed, ft. per min. 

Tı = tight-side tension, Ih, per in. width 
al tension, Ib. per in. width. 


1 factor for arc of contact (see table). 


Arc of Contact Correction Factors 


T 
Are of contact, deg. | -} | tact, dg. | 1-1 
= | LANCE ILIO. ENT 
E] 190 0.51 
100 200 | 33 
по 210 35 
по 20 я 
Во E КА 
140 20 E 
150 
160 | 
170 
180 | 


belting 32-oz. duck is generally used. Based on 
ап average ultimate tensile strength for this weight of 440 Ib., the allowable 
effective tension is 25 Ib. per in. width of duck or a factor of safety of 1744. 
(Tı — Т.) can therefore be calculated ав 25 Ib. for a 32-2. duck belt and 20 ib. 
Tor 28-ол. duck. 


For good quality rubh 


Stitched Canvas Belting 

Origin. This type originated in England and, after meeting with con- 
siderable success, was introduced to the United States. 

Construction. There ate two types of construction used in the manu- 
facture of this class of belting, опе known as the round edge and the other 
аз the folded edge. The difference in the two methods of construction is in 
the manner in which the duck is folded before stitching and in the building up 
of the various numbers of duck plies, 

The round-edge construction gives a smoother surface to the action of 
shifter forks and prevents premature cracking of the edges of the belt. The 
better grades of this class of belt are usually made from 36- to 37 6-ой, duck, 
Which possesses a tensile strength of from 550 to 600 Ib. per in. of width, 
therefore, giving the belt high tensile strength. 

After folding for either the round- or folded-edge construction, the belt is 
stitched and is then thoroughly impregnated with certain compounds eithor 
by the immersion or the pressure process, thus rendering the belt impervious 
to mechanical and atmospheric actions. After the belt is thoroughly imprez- 
nated it is stretched and is then ready for the transmission of power. 


2500 


Characteristics. It hus a high coefficient of friction; extreme flexibility, resistanice 
to ply separation, and is elastic, It will hold any type of metallic fastener but is difficult 
to make endless. It has extreme uniformity, therefore results in a true running belt, 
It has no salvage value. 

Uses. (1) High-speed motor drives, based on correct number of plies for pulley 
diameters; (2) crossover drives from line- to countershafts of machine tools, preferably 
when clutch controlled; (3) shifting drives, preferably when the belt is of 6-ply construc- 
tion; (4) it will resist the action of water, steam, heat, and mineral oil but will not resist 
the action of the corrosive acids; (5) all manner of slow speed, heavy driving, when not 
subjected to the atmospheric conditions stated. 
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Formula for Stitched Canvas Belting. As in rubber belting, the 
allowable effective pull is based on so many pounds per inch ply of the belt 
and varies according to the weight of the duck employed. The average 
good grade of stitched canvas belting is made up of 36-oz. duck, 28 Ib. per in. 
width allowable effective pull on tight side. 

The formula for 36-02. duck at 28 Ib. allowable effective pull per inch is 

~ 1 
WNS(T: тә(1 5) 


Horsepower = dao 


Use 28 Ib. for the value of (7ı — T.) in the above formula. 


Hair Belting 

Origin. Hair belting originated in Manchester, England, in 1873. In 
the late eighties, a company was formed in the United States for the produc- 
tion of this type of belting, and the brand manufactured was known ns 
camel's hair. 

Construction. Belting of this type is made of hair yarn of various kinds 
and mixtures of hair and wool. 

Hair yarn must possess high tensile strength, elasticity, and no excessive 
stretch. Belting of this type made of pure camel's hair which hus been 
properly selected and prepared is considered the best, ‘The best camel's 
hair comes from the long-haired, two-humped Bactrian camel of northern 
China, Mongolia, and Siberia. The cotton yarn used in the best types of 
this class of belting should be of long fiber and the very best quality. This 
type is of the solid-woven variety and, prior to weaving the hair, is cleaned, 
and the longest fibers made up into yarn. 

In weaving, the hair yarn becomes the warp of the belt while the cotton 
yarn is used as the filler and also a binder to hold the several layers of hair 
together in a compact and homogeneous fabric. The warp or lengthwise hair 
strands form the portion of the belt which gives the traction and takes the 
load pull. The cotton yarn which binds the several layers of camel's-hair 
yarn together acts as a check on the hair and restrains its stretch. 

In some types of hair belting the edges are made of cotton or leather known 
as friction edges. These edges are designed to protect the belt against, the 
action of shifter forks. 

After weaving, the belt is impregnated with a combination of heavy oils 
which preserve the entire fabric, lubricate it, and aid the frictional qualities. 


Characteristics. It is made in the following weights and thicknesses 
Weight Thickness, In, 

Light...... 

Light, double or single. 

Double, . 

Extra heavy. 
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It is highly elastic and, therefore, should be placed on the pulleys extremely tight. 
It has по laps or plies. It will remain soft and pliable during its life. It possesses an 
Average ultimate tensile strength of 6300 lb. per sq. и. It has extreme flexibility and 
therefore can be run on high-speed small pulleys, It will hold any style of metallic 
fastener but cannot be made endless. It has no salvage value. 

Uses. (1) High-speed motor drives, based on correct thickness for pulley diameters; 
(2) intermittent loads where shocks must be absorbed by the belt; (3) shifting and crosa 
drives; (4) heavy hard-pull drives; (5) on crossover drives from line to counter of machine 
tools, whether clutch or tight- and loose-pulley control; (6) it is not affected by mineral 
oils unless the amount is excessiv Tt will stand heat to 300*F. and is not affected by 
extreme cold. 16 will stand for long регі ће action of corrosive acids but should not 
be used where caustic is present. It is moisture- and steam-proof; (7) all manner of 
driving when not subjected to atmospheric conditions stated, 

Formula for Hair Belting. Based on the fact that hair belting is a 
Solid-woven product and поё made up of plies, certain allowable effective 
bulls must be taken as a basis for power capacities, and these naturally must 
vary for the different weights. А 

On this basis, the same formula ва used for the various types of leather 
belting can be used for hair belting. 

‘The following allowable effective pulls on tight side of belt are used in the 
power ratings of the various weights of this class of belting: 

316 in. thick = 40 Ib. per in. of width 

A 1 50 Ib. per in. of width 
0 Ib. per in. of width 
= 90 Ib. per in, of width 


Light or single. ...... 
Light or double. 
Double, ۶ 
Extra heavy... 
Formula: 


Horsepower = 


where 7 is the effective pull (in tight side per inch of width); W, the belt width, 
in inches; and S, the belt velocity in feet per minute. 


Table 1 
Pulley diameter, in. 
Welghts of bale belting ‘Thickness, fu. Under 2000 2000 to 4000 
ft. per min, | 16 per min. 
Шм........ - и Н 3 
Tight double, ie 5 1 
D 10 14 
Ha 16 м 


Belt Joining 

Improper and careless joining is one of the principal factors of belting 
maintenance costs and one of the causes of short belting Бе. Based on tl 
the following should be adhered to when making a selection. 

The fastener must not unduly strain the belt; must not cut or weaken the 
belt; must resist wear caused by pulley contact; must conform to the pulley 
circumference. It should allow the belt ends to fit closely and prevent break- 
age at joint. It must be quick of application. 

‘The Endless Method. Joining a belt во that the result is an endless band 
is the moat efficient method because the joint is integral with the belt and, 
therefore, eliminates the use of any foreign material. All types of belting 
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have stretch, а factor which necessitates the use of take-up facilities where the 
endless belt is employed; otherwise considerable trouble will be experienced. 

Leather belting offers the greatest possibilities for the endless ог cemented 
joint because in reality the belt itself is composed of cemented joints. To 
make а leather belt endless the ends should be scarfed or scraped down 
to a thin edge, 3, 4, or 6 in. back, depending on the width, and the cement or 
glue applied to the scarfed surfaces. These surfaces are then placed together 
and subjected to continuous pressure for two or three hours. When joining 
with pyroxylin cement as on a waterproof leather belt, the scraped surfaces 
are first sized with the cement and allowed to dry. After drying, another 
application of the cement is made and the surfaces placed together. Pressure 
is then applied for at least three or four hours, 

The endless joint should be employed on all drives where center adjustment is 
possible—on high-speed spindle driving of machine tools, on large engine 
installations, and on automatic idler and pivoted motor-base drives. 

The endless joint should not be used on drives where center adjustment is noti 
possible—on vertical drives without idlers and on quarter-turn drives, 

Endless Rubber Belting. Rubber belting of the ply type can be made 
endless by cutting and stepping the plies back from the ends so that when 
placed together they coincide. When set in this position, vulcanization is 
necessary. This can be done at the point of application by tho use of small 
portable vulcanizing machines. Rubber belting of the cord type is now 
manufactured endless, with no joint or splice. 

The Laced Joint. Rawhide is the most common material employed for 
making the laced belting joint and if properly made results in n good joint. 
It should always be employed where hand shifting is necessary because of the 
safety feature, Rawhide lacing is being done away with on general driving 
because of the time required to apply it and the advent of the quicker and 
efficient, metallic methods. Ву the courtesy of John Wiley & Bona, Inc., the 
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following table is reproduced from Kent's, “ Mechanical Engineers’ Hand- 
book," p. 1308; 
Table 2 
Punching of lace holes, 
mco from ends of belt, in. Distance of center 
Jail of belt, ia. | ftom ends of belin. ine of first ТҮ 
wi 3 | fiit row from edge in. 
First row Second row asa 
2-4 ж x и 
6-8 и р Я 
10-12 % 14 я 
pan Е 1ê и 
18-20 а 1% е 
2 


Metallic Fasteners. There аге a number of metallic fasteners on the 
market, and they are all used extensively because of their efficiency and time- 
saving factor of application. The wire hook and pressed-steel-pin type, the 
plate type, and the staple or prong type are the most popular. 

The wire hook type can be used on single, light double, and regular double 
leather belting up to 8 in. wide and on all types of rubber and fabric belting 
from 2- to 6-ply up to 8 in. wide, on drives where unfastening must, be done 
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quickly, on high-speed work where the endless joint is not practicable, where 
ап insert is necessary, and on shifting drives. 

The wire hook should not be used on hand-shifted drives, on heavy double 
leather, or on rubber or fabric belting over 6 plies in thickness, on automatic 
idler drives, 


Table 3. Minimum Pulley Diameters and Belt Thicknesses for Wire 


Hooks 
Hook size ‘Thickness of belt inimum palley diameter, n. 
2 2 or 3-ply fabric 246 and 3 
4 ‘oly fabric and single leather 6 
6 6ply fabric and regular double leather. 2 


The plate fastener сап be used on single, light, and regular double leather 
from 1 in. to any width required, and on all types of fabric belting from 3 to 
12 ply and in widths from 1 in. to any width required, on open and crossed 
drives, on hard-pull slow-speed driving, and on shifting drives. 

Tho plate fastener should not be used on any type of idler installation, on 
high-speed small pulley work, on hand-shifted belting, or on special tannage 
leather belting. 


Table 4. Plate Sizes for Various Belt Widths and Minimum Pulley 
Diameters 


Number and size of plates 


Е: ty Gla. diam, m. | 263. diam 
pulley and. pulley and. pulley and 
larger larger 
2 
4 
6 
8 
10 
12 4-No. 1011 
In = 4.161 
18 6-No. 1611 
4 ENa 2211 


Care and Treatment of Belting 

What to Consider. (1) Select correct type and size for the atmospherio 
and mechanical conditions involved and the power requirements when the 
initial installation is made; (2) over-power rather than under-power; (3) 
make pulleys slightly wider than the belt; (4) select proper joining method and 
see that ends are square before joining; (5) allow belt to pull on bottom if 
possible; (6) centralize the саге of belting; (7) keep pulleys and shafting in 
line; (8) inspect the belting lap or splices frequently; (9) inspect the fastening 
method frequently; (10) keep belting clean and periodically dress it with the 
proper lubricant. 

Nothing should be used on a belt with the mere object of making it sticky. 
Power is wasted in tearing a belt away from the pulleys, and this tearing 
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action is destructive to the belt. Sticky dressings cause the formation of 
lumps on the surface of the pulleys which create loss of contact and breaking 
of the friction seal between belt and pulley. 


Table 5. Minimum Center Distances 
lased on power and ratios 


Horsepower | Бабра | 
be transmitted | driver to driven | 


BELT DRIVES 
Vertical Drives. A belt drive in a vertical position without take-up 


facilities, although necessary at times, is always troublesome. The natural 
stretch of the belting substance causes sag of the belt away from the bottom 
pulley, resulting in power loss and excessive maintenance, When a vertical 
drive must be employed without take-up provisions, use a center distance as 
short as possible be- 
cause this provides less 


accumulated stretch per 
foot. 

Crossed-beltDrives. 
Belting is crossed for = E 
the purpose of reversing 
direction of rotation _ 10° 00° 160" 150° 0" 
and are of contact in- Fia. 4.—Loss of contact on driving pulley by high ratios, 
crease, but considera- 
tion must be given to pulley diameters, belting width, and type of fastener em- 
ployed if good results are to be obtained. The pulleys should ђе of reasonable 
diameter and as near equal in this dimension as possible. Belting over 8 in. 
wide should not be crossed because of the large area of belt in contact. А poor 
joint or projecting metallic fastener will quickly cause the destruction of a 
crossed belt. 

Quarter-twist Drives, Quarter-bwist drives nre employed for trans- 
mitting power by belting at right angles, either vertically or horizontally. 
Leather belting gives the best results because it can be especially constructed 
{о suit this type of drive. An empirical rule for this installation follows: 

Епъв: The center of the face of the loose side of the driver must line with the 
center of the face of the tight side of the driven. 

Mule or Guide-pulley Drives. This type of driving makes it possible 
to transmit power by belting up over or around a corner. It is accomplished 
by the aid of a guide or mule pulley as it is generally termed, operating on 
independent spindles or shafts. Machine tools, such as single- and multiple- 
drill presses, are frequently driven in this manner. This type of drive is 
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difficult to maintain and should not be used unless absolutely necessary. 
Bost results are obtained from a narrow belt width, not in excess of 0 in, 

Cone-pulley Driving. Tapered cone-pulley drives are employed when 
Variation in speed is required, but, unless a properly constructed belt is used, 
constant trouble will result. Crossed belting operates to a better advantage 
оп cone pulleys and especially where the taper is extreme. Cone-pulley belts 
are as a rule shifted frequently, and, therefore, lateral stiffness of one ply is 
necessary. This is accomplished by making the outer ply wider and of a 
stiffer material than that which is against the pulley. 

Belt slippage causes power loss and destroys belting. It can be caused 
by (1) too small pulleys, (2) overloading, (3) underloading, (4) non-lubrica- 
tion of belting, (5) sticky dressings, (6) atmospheric effects, (7) misalignment, 
and (8) bad joining. 

Knowledge of these factors and frequent inspection of belting will prevent 
Premature destruction from belt slippage. А polished, shiny face of a pulley 
denotes belt slippage. 

The Crowning of Pulleys. Belting connecting the pulleys of parallel 
shafting tends to run toward that part of the pulley which is largest in diame- 
ter, It is for this reason that pulleys are higher at the center of the fave or 
rim than they are on the edges. This raise is termed the crown. Crown- 
faced pulleys should be employed on all belted installations with the exception 
of the tight and loose pulley drive. The twin, or tight- and loose-driven, 
pulley should be crowned, but the driver, or drum pulley, should be flat or 
straight faced so as to permit easy sliding of the belt from the loose to tight 
pulley and vice versa. 


PULLEYS 


There are three general classes of pulleys for the transmission of power 
by belting, namely, cast iron, steel, and wood. There are several types 
and makes of ench style manufactured, which in itself causes confusion when 
a selection is to be made. In the average production shop, it is difficult to 
differentiate in regard to the pulley to employ because conditions are generally 
normal, but in industrial plants where chemicals, dyes, paints, etc., аге manus 
factured it is a problem. 


Cast-iron Pulleys 


‘The cast-iron pulley is made in the following types: 


ingle arm, solid or split. 
Double arm, solid or split. 
3. Keyless or interchangeable bushed, 


Construction. Cast-iron pulleys are usually designed and built to with- 
stand the strains under which the respective belt can be expected to operate. 
"The cast-iron pulley is of rigid construction and therefore runs true if properly 
set and fastened to the shaft. Due to its rigidity, sudden shock, loads, or 
falls are liable to cause cracking or fracture of the iron. 

Speeds. Standard pulleys are made for rim speeds of 3500 to 4000 ft. per 
min., and while rim speeds from 5000 to 6000 ft. per min. are permissible. such 
pulleys should be specially made and balanced. 

Applications. The cast-iron pulley will stand heat, moisture, steam, and 
acid fumes; therefore, it has a wide range of usefulness. А cast-iron pulley 
will last for years if operated according to its capaci 
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Steel Pulleys 

Types. The pressed-steel pulley is made in three distinct types: the 
one-piece rolled edge, crowned tim, split; the one-piece crowned rim, without 
edge roll, split; and the two-piece crowned rim, edge roll, split. 

All have respective advantages and disadvantages; therefore, as to their 
usage, it is difficult to say which is the best because for the average industrial 
service the three types are efficient. 

Construction. The steel pulley is a fabricated structure; therefore, 
there exists a wide difference in design. Within working limits of belting, 
however, strength of joints and the greatest possible rigidity have been 
secured, The difference in type particularly pertains to the construction of 
the rim, which has been noted in the above paragraph. 

Speeds. The pressed-steel pulley can be operated with safety at high 
rim speeds, 4000 to 4500 ft. per min, being common practice. On tests, this 
type of pulley has been run at 14,000 ft. per min. for periods of 30 hr. without 
signs of distress. This would not be practicable in power transmission owing 
to the fact that 4500 ft. per min. is the most economical belt, speed. 

Applications. Steel pulleys can be operated in similar places to those 
where cast-iron ones are used, with the exception that they should not be 
used in the presence of corrosive acids or in severe moisture and steam. 

‘This pulley is generally of the split type and is furnished with interchange- 
able metallic bushings which make it possible to use either clamp, key, or set 
screw. 


Wooden Pulleys 

Types. Under normal conditions the modern wooden pulley will perform 
in every way ns efficiently as the cast-iron or steel pulley, and, in addition, 
it is light and low in price. 

‘There are three distinct types made, namely, the heavy-duty type of split 
design with standard bore into which the required wooden bushing is placed, 
the wooden-rim iron-center type, and the solid-wood type. 

Construction. The wooden pulley is usually of the split type and for 
avernge driving is clamped to the shaft. It is made from hard maple and 
finished to all standard sizes. 

Speeds. The wooden pulley is safe to any speed up to 5000 ft. per min. 
and has long life if operated under correct me 
conditions. 

Applications. Wooden pulleys are satisfactory for all ordinary driving 
and in operations such ns crushers, stamp mills, oil-well rigs, and in hazardous 
operations such as explosives manufacturing. Wooden pulleys should not 
be used where water, dampness, or steam is present. 

Selection. In selecting pulleys the following points should be borne in 
mind: (1) The surface of the rim should have а high coefficient of friction, 
yet it must not be rough because belt slippage cannot be entirely eliminated 
and, when a belt slips on а rough pulley, wear is rapid. (2) A pulley should 
combine strength with light weight. Unnecessary weight loads up the shaft 
and, generally, increases the friction of the drive. (3) The pulley should be 
able to withstand severe service and resist breaking in case of sudden overload 
or shock. (4) A pulley should be, to a certain extent, a heat conductor as 
belt slip generates heat. (5) A split pulley has great advantages over а solid 
pulley because it can be mounted on the shaft with the minimum amount of 
shutdown and labor. (6) A pulley should be exactly round and of such 


hanical and atmospheri o 
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material and construction that it is unaffected by atmospheric conditions. 
(7) A pulley should be designed so that it will rotate with the least amount of 
air resistance. 

Ordering Pulleys. Pulley manufacturers are more familiar with their 
products than the consumer; therefore, when ordering pulleys careful observ- 
ance of the following rules will avoid errors and save time: 


1. Service: Give horsepower, r.p.m., and character of service: 

2. Description: State whether solid, split, clamp hub, tight and loose, flanged ог 
special. 

3. Diameter: Specify diameter in inches. This should be the first dimension given. 
Jf exact diameter is required, mention this fact and state whether measurement shall 
be made at crown or edge of rim. Unless otherwise specified, the diameter of the pulley 
is the diameter at the top of the cro 

4. Тасо: Specify face in inches. This should be the second dimension given and 
should be specified in accordance with the width of the belt unless an exact width of 
face is desired in which case the fact should be noted by having the word ezact follow 
dimension of face. 

5. Bore: Specify exact diameter of shaft in inches. This should bo the third dimen- 
sion given. 

6. Crown or Straight Face: After specifying dimensions of рие, 
crown or straight face, If neither is specified, crown face is generally furnished 
pulleys for shifting belts have straight faces. Each pulley of a pair of tight ai 
pulleys should have crown face. 

7. Key-seut or Set-screwed: State whether key-seated or set-acrewed, or both. 


з, state whether 
Dram 
d loose 


Belt Width and Pulley Face. The face of a pulley is generally deter- 
mined by the width of belt to be employed. As an example, if a 6-in, double 
leather belt is to operate over а 24-in. diameter pulley, the pulley should be 
specified as а 24 by 6 in, However, the actual width of the face of the pulley 
would be approximately 613 in. because it is a standard with pulley manu- 
fucturers to make the face of the pulley at least 14 in. wider than the belt to 
be used, so as to overcome the possibility of the belt running off the pulley 
due to weave, Pulleys to accommodate belts wider than 12 to 14 in. up are 
usually made 1 to 114 in. wider in face than the width of the belt. 

Relative Characteristics of the Various Types of Pulleys. Cast-iron 
pulleys ure made for rim speeds of 3500 to 4000 ft. per min., and while rim 
speeds from 5000 to 6000 ft. per min. are permissible such pulleys should be 
specially made and balanced. The cast-iron pulley can be used for any 
practical power requirements. 

Pressed-steol. pulleys are made to operate with safety ut rim speeds of 4000 
to 4500 ft. per min. However, on tests, press teel pulleys have run at 
14,000 ft, per min. for periods of 30 hr. without signs of distress, The pressed- 
steel pulley can be used for any practical power requirements, 

The wooden pulley is safe at any speed up to 6000 ft. per min. and can be 
used for any practical power requirement. 


GEARING 

"The general subject of gearing is во well treated in Marks’ “Mechanical 
Engineering Handbook" and similar handbooks that merely the various 
types will be mentioned here. The various types of power gears аге as 
follows: spur, miter, bevel, mortise, worm, herringbone, and helical. 


BEARINGS 
For the industrial transmission of power there are yarious types of bearings 
manufactured, and if employed under the mechanical conditions for which 
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they аге designed will give efficient and economical service. The four general 
types of bearings are as follows: grease lubricated, self-oiling, antifriction, 
and oilles. 

Grease-lubricated Bearings. There are three general types of grease- 
lubricated bearings, namely, the solid babbitted bearing which should be 
used on shafting or axles under 474 6 in. revolving at slow speed and where 
adjustment is not necessary; the split flat box which is extensively employed 
where moderate powers and speeds are involved but should not be employed 
on shafting over 31546 in. diameter; and the plain rigid pillow block whieh is 
designed for almost any load on slow-speed shafting. 

Self-oiling Bearings. These bearings are made in several types, such 
as the rigid and ball-and-socket pillow block, the ball-and-socket drop hanger, 
post hanger, and bracket hanger, and employ three distinct features of self- 
lubrication, namely, the ring oiling system, the capillary system, and the wick 
system. ‘These bearings are applicable to all manner of driving, 

The rigid or ball-and-socket pillow block is usually employed to support 
shafting from concrete or wooden piers, the drop hanger to support shafting 
from ceiling or roof truss, and the post hanger to support shafting from 
columns or posts. 

Antifriction Bearings. There are two distinct types of antifriction 
bearings, namely, the ball and the roller, each possessing its own individual 
characteristics, 

‘The steel-roller type ean be subdi 
ble, the tapered, and the solid. 

The ball-bearing type naturally can utilize only the ball. 

Antifriction bearings are made for drop hangers, post hangers, and pillow 
blocks, and may be universally employed for transmission purposes, 

Oilless Bearings. The oilless ог seli-lubricating bearings are those that 
contain within themselves sufficient lubrication to assure continuous service. 
‘The general types are as follows: 

"The bronze and graphite type which is constructed of high-grade phosphor 
bronze into which are cast symmetrical grooves for graphite, varying in design 
according to the service for which the bushing is intended; the hard-wood, 
lubrieant-impregnated type which is made of hard seasoned wood, thoroughly 
impregnated with a specially prepared lubricating compound (no additional 
lubricant is ever required); and the metaline type which is constructed of 
either phosphor-bronze or gun metal-bronze and into which are inserted 
small-diameter metaline plugs. ‘The metaline plugs are n mixture of graphite 
and antifriction metals. The oilless bearing is particularly adaptable for 
high-speed spindles and in the cotton and textile industries, generally, where 
cleanliness is a feature. 

Spacing of Bearings. The number of bearings used on a shaft, and th 
spacing, has a direct influence on the dead-lond capacity of the shaft. Deflec 
tion of shafting should not exceed 0.01 of 1 іп. per ft. Beyond this, binding 
in the bearings occurs, causing increased friction load and the possibility of 
burned-out bearings. "There is no definite rule for the exact spacing of bear- 
ings; therefore, in most cases it is a matter of judgment. On line shafting, 
S-ft, centers is good practice where the pulleys can be set elose to the bearings. 

Bearings for Power Shafting. Based on the numerous designs of bear- 
ings manufactured, the selection of a type is at times difficult. The factors 
governing bearing selection are: (1) diameter and speed of shaft; (2) power 
and dead load; (3) support; (4) lubricant and lubrication method; (5) space 
limitations; (6) operating conditions; (7) initial and maintenance costs, 


ided into three types, namely, the flexi- 
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‚ The actual bearing surface should be of a metal softer than the shaft or 
journal, enabling the bearing to wear and not the shaft. The most extensively 
employed bearing metal is known 


as babbitl, which is a mixture of 
antimony, lead, and tin. Brass is 

an excellent bearing metal if the 
bearing surfaces are well scraped 
together with the shaft; otherwise 

heating will освит, The rubbing ® 
surfaces of bearing and shaft are ©, 8000 
never perfectly true and smooth. 5 7000 
For this reason babbitt or alloy $ ^ 
metal is employed as it quickly in 8000 
combination with the lubricant i 5099 
conforms to the shaft and the Ў 
shaft to it. The shaft is always =) 4000 
slightly less in diameter than the $ «yg 
bearing. Thedifferenceis termed & 
bearing clearance, which in average ` 200 
practice is about ooo in. per im. ^^ 1| 
shaft diameter. Accurate align- 


ment of shafting is necessary for 
efficient bearing performance. 
Bearing Pressures. These үш 5. Monetary losses caused by excessive 
pressures are generally moderate friction loads, < 
Or excessive: moderate, when 
bearings are designed adequately for the load; and excessive, when undersized 
for heavy dead londs and severe belt _ ss. 
tensions. Bearings employed for 
industrial power transmission are 
safe for pressures up to 150 lb. per. 30. 
ва. in. projected area. This figure 
is rarely reached in this class of 
service. 25 
Bearing Temperatures. Bear- > 
g temperatures are known as v 
moderate and extreme: moderate р | 


are those not higher than 140°F., 
Which is easily maintained in the 
average shafting installation if "jg 
alignment, lubrication, and loading 

ате given consideration. Tempera- 

tures above 1409F. are due to defi- 19 
cient radiation, internal friction, or 
the effect of high surrounding tem- 
perature. 

Internal friction can be caused 
by improper mechanical conditio 
wrong lubricant, or an insufficient 
amount of lubricant. 

Antifriction Bearings. Bearings of the ball and roller type reduce the 
internal friction of a bearing to a minimum. The graphio chart (Fig. 5) 
shows the monetary losses involved due to excessive bearing friction. It is 


85 1000 2000 3000 4000 5000 6000 2000 4000 3000 000 
Revolutions per Minute 
Fic. 6.—Relation of constant К to revolutions 
per minute. 
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based on 4 Ib. coal per horsepower-hour, 300 worl 
running hours per day, and a coal cost of $4 per ton. 
‘There are two types of antifriction bearings, the ball and theroller. The 
economy of their use has been amply proved in practice, mainly because а 
rolling motion cannot produce as much wear as a sliding motion. These 
bearings cost three to four times that of plain babbitted bearings, but their 
reduced friction, saving of oil, longer life, and decreased maintenance offset 
the initial high cost. 
Table 6. Maximum Allowable Velocities for Line-shaft Solid Roller 
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ing days per year, 10 


Bearings 
Shaft Diameter, Maximum Velocity 
In. ерла. 
11 and smaller 600 
Et 400 
E 300 
4910-5246 250 


The ball bearing is the most efficient antifriction device known, carrying 
the greatest load with least friction and possessing great strength. The load- 
carrying capacity of a ball bearing is given by the formula, P = KZD/5, where 
P is the safe load (in pounds); Z, the number of balls; D, the ball diameter, 
У in.; and К, the constant, depending upon the shape and material of the 
Surface supporting the ball. The constant (К) as a function of the rovolu- 
tions per minute is given by the graph in Fig. 6, 


SHAFTING 


Cold-finished Steel Shafting. Because of its low cost and adequate 
strength for the average power-transmission requirements of industry, cold 
finished steel shafting is widely employed. 

It frequently occurs, however, that stronger steels are required for shafting 
because of slow speed, heavy loads, and shocks, This makes necessary the 
use of the S.A.E. alloy steels. 

Specification Numbers for S.A.E. Steels. A numeral index system is 
used for the specification of S.A.E. steels, which facilitates the specifying of 
these steels, Such numerals аге partially descriptive of the quality of 
material covered by these numbers. The first numeral of the number 
indicates the class to which the steel belongs; thus the numeral 1 indicates a 
carbon steel, 2 a nickel steel, and 3 a nickel chromium steel. In tho case of 
the alloy steels the second numeral of the number generally indicates the 
approximate percentage of the predominant alloying element. Usually the 
last two or three numerals of the number indicate the average carbon content 
in " points" or hundredths of 1 per cent. Thus 2340 indicates a nickel steel 
f approximately 3 per cent nickel (3.25 to 3.75) and 0.40 per cent carbon 
5 to 0.45); 71360 indicates a tungsten steel of about 13 percent tungsten 
and 0.60 per cent carbon, The basic numerals for the various qualities of 
steels specified are as follows: 


Molybdenum....... 
Chromium. "T 
Chromium-yanadium. pes * 
Tungsten... ,.. 

Bilicomanganese. 
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Physical Properties of Cold-finished Steel Shafting 


Type Tensile 
m strength, 
Ib, per 
sq. in. 
= | 2 
Hokrolled soft steel or screw stock... 50/60000 |30/35000 20/30 | 35/45 |lto2 
А.Е. ITZ or 120. | 70/100,000) 55/90,000 10/20 | 35/60 | Up to 1 
s 1112 or 1120..| 50/60,000 | 30/40,000| 20/35 | 30/45 |2% to4 
СО 35/45 carbon БАЈЕ N40... 70/9000 | 35/500) 20/50 | 35/50 | 1% to 2 
'old-timshed annealed 35/45 carbon alloy-— 
BALE. 3140, 2340, 6140, etc. 5 | 99/110.000]60770,000 20/30 | 55/65 | Upto li 


Shafting Horsepower Formulas 
Cold-finished steel 
Heap SuarrING (First Shaft from Prime Mover): 


Heavy strains and loads............ horsepower = 238/125 
Average loading. . . ба horsepower = D3R/110 
Light loading... у . horsepower = D3R/100 


Еутвимвртатв SurTING (Such as Jacks and Counters): 
Horsepower = D*R/90. 


Live Видо: 
Heavy load, with bearings about 8 ft., 


center-to-center. . . . horsepower = 28/100 
Medium load, with bearings about 8 ft., 

eenter-to-center.... ........ horsepower = 238/90 
Light load, with bearings about 6 it. 

center-to-center $. horsepower = D'R/75 


D = diameter of shaft, 
= грла, of shaft, 


Consrants 

125 = 2800 Ib. fiber stress 
= 3000 Ib. fiber stress 
= 3200 Ib. fiber stress 
90 = 3400 Ib, fiber stress 
= 4000 lb. fiber stress 


Flexible Shafting. This type of shafting is used for two principal pur- 
Poses, namely to transmit power and to transmit motion. It will transmit 
Small amounts of power at high or low speeds with the continuity and prop- 
erties of a solid shaft between points so located with respect to each other 
that a solid shaft cannot be used, ùe., around corners, at various angles, and 
in all other cases where the driving and driven elements are not in alignment 
ог must be moved with respect to each other. It will transmit motion to 
elementa which must be moved back and forth or turned through a full circle 
ог any arc, whether by hand or automatically, in cases where the elements 
to be moved аге so located that they cannot be readily reached by hand, or 
Where a direct straight connection is impracticable. 
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In regard to the maximum size of flexible steel shafting, while it is entirely 

practicable to manufacture flexible shafts larger than 34 in., factors enter 

into the design and construction of these larger shafts which materially 

increase the cost. The application of a shaft larger than 34 in. becomes more 

or less a special problem. 

‘Uses of the Flexible Steel Shaft. 


‘aghometers. 
peedometers, 

3. Washing machines, 

4. Moving-picture cameras, 
5, Valve grinding machines. 
6. Serew slotting machines. 
7. Linotype machines. 

8. Milling machines. 

9, Glass-cutting machines, 
10. Valve controls. 

11. Printing presses. 
12, Portable grinders. 
13. Concrete surfacers. 

14. All types of portable tools 


ГА | 


ю 


з 


= 


ight in Pounds per Foot 
= 


Wei 


EPS 


10}— — 


o | 
‘We The is 26 2576 Se 555 Fle Fe Tee 
Diameter in Inches 
Fis. 7.—Weighte of cald-fnished steel ahafting. 
Characteristics. The selection of a flexible shaft best suited for a given 
application requires a definite knowledge of what the shaft should be used 
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for, and the speeifie conditions under which it is to operate. The advisable 
Procedure is to make a preliminary selection of a shaft which seems to have the 
Proper characteristics of torsional strength and transverse flexibility and the 
Necessary torque capacity and try it out under the actual operating conditions. 

Drive Ends for Flexible Shafts. Shsíting of this character is generally 
equipped with special ends for engaging the driving and driven members. 
The design of these ends is determined by the conditions of the particular 
application. In some cases the same design of end is used on both ends of 
the shaft, while in others different ends are used. The variety of shapes and 
sizes these ends may take is unlimited; for example, they may be forked, 
slotted, splined, square, flat, threaded, or, in fact, of any design and any 
material that the application may demand. 16 is a good practice, however, 
to have the ends made and attached by the shaft manufacturer. 

Casings for Flexible Shafting. Practically every flexible shaft is pro- 
vided with a casing which acts as а runway or guide for the shaft and protects 
it from foreign matter. It is sometimes referred to ns the “sheath.” Casings 
may be made of a variety of materials including braided fabrie, metal, leather, 
rubber-filled materials, ete., but in practically every design of casing a metal 
winding forms the foundation over which the other material is laid. In the 
characteristics of transverse flexibility, the casing should conform as nearly аз 
Dossible to the drive shaft which it encloses. In the ideal combination, 
casing and shaft will bend with exactly the same flexure and will parallel 
cach other in the bends. 


GEAR REDUCTION UNITS 


‘The modern gear speed-reduction units utilize four general types of gearing. 
namely: (1) the worm and worm wheel, (2) the spur, (3) the herringbone, and 
(4) the bevel. These various types have been largely standardized so that 
they are now available in suitable sizes and ratios for almost any power and 
speed-reduction requirement. Each type has inherent limitations; therefore, 
care should be exercised based on the knowledge of the units in question 
before a selection is made for a particular installation. "rade catalogues of 
kear-reduction-unit manufacturers generally list ratios, horsepowers, and 
speed capacities of their respective units. Ratios in single reductions up to 
7:1 can be efficiently handled by belting, chains, or open gearing; and up to 
12:1 by the same mediums if efficiency is of minor importance. The modern 
speed-reduction-gear unit has made possible the elimination of а multiplicity 
of chains, gears, shafting, and belting for ratios such as 15:1 and higher. 

1, Worm Reduction Gear Units. 

Types. The modern worm-gear speed reducer has been perfected to 
such an extent that all conceptions as to the inefficiencies of this type of 
driving have vanished. Therefore, it is used extensively in all classes of 
industry and may be divided into the following type: 

1. The bottom-driven unit. 

2. The top-driven unit. 

8. The vertical unit. 

4. The compound unit, 

Construction. The modern worm gear is constructed with as steep а 
helix angle on the worm as possible because the greater the helix angle (up 
to 42 deg.) the greater the efficiency, and the smaller the angle the greater the 
power 1088. 

"The worm of a first-class modern reducer is usually integral with an alloy 
steel shaft with threads hardened and ground. This combination is rigidly 
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supported on ball or roller bearings, the rear bearing being of the double-row 
maximum type, capable of carrying the full thrust load of the worm in either 
direction as well as one-half the radial load. The other half of the radial load 
is taken by the forward bearing. 

The worm gear usually consists of a chilled cast-bronze rim shrunk on, 
and pinned to, в high-grade cast-iron center. The entire mechanism is 
encased in a rugged oil-tight cast-iron housing. 

Ratios and Speeds, It is possible to obtain extremely large reductions 
with worm-gear units, but in the higher reductions the power loss precludes 
their economic application. Ratios of 60 or 70 to 1 are common, but beyond 
that point the efficiency drops rapidly. To obtain higher reductions and 
still retain the right-angle feature of the worm drive, it is common practice 
to use an auxiliary shaft supported independently, on which can be mounted 
а pinion which in turn meshes with another gear, or to employ а reduction 
unit specially designed with suitable bearings to permit the mounting of the 
pinion directly on the slow-speed shaft. 

It ів also possible to get very high reductions by means of а compound 
worm-gear reduction unit. 

Modern worm-gear reduction units can be operated at worm speeds up to 
4000 r.p.m. and are, therefore, suitable for direct connection to steam turbines. 

Applications. The worm-gear reduction unit is essentially a right-angle 
drive, and the housings and gearing arrangements are furnished by manu- 
facturers in various forms to suit industrial requirements. 

‘The worm-gear unit is applicable to almost any type of driving where the 
input speed is high and the output speed is low because it can be flexible 
coupled to a motor supported on a base plate, all making one integral unit 

Worm-reduction-gear Ordering. When ordering worin-gear reduction 
units the following information should be given: (1) horsepower of motor or 
driving shaft; (2) actual horsepower to be transmitted; (3) worm speed; (4) 
gear-shaft speed; (5) time during which unit will be in continuous operation; 
(6) deseription of driven machine or character of service. 

Lubrication. The worm-reduction unit will not operate satisfactorily 
without oil. Its rotating parts must operate in a bath of good and suitable 
ой, Without this, short life and poor service can be expected. Never take 
it for granted that the reducer is supplied with sufficient oil when received 
from the manufacturer. 

2. Spur-gear Reduction Units. Because the efficiency of the worm- 
gear reduction drops rapidly when ratios of 60 to 70:1 are exceeded, the spur- 
gear reduction unit has been evolved to cope with higher ratios. Ratios ав 
low as 1:1 and as high as 500:1 are practical with the modern spur-gear reduc- 
tion unit. This type reduces in a straight line, which in many instances is 
more advantageous than the right-angle feature of the worm-gear reducer. 

The spur-gear reducer has peculiarities of its own and can be classified into 
two distinct groups: (a) the planetary and (b) the non-planetary types, both 
having certain advantages. 

(a) Planetary Type. This reducer is capable of giving the largest speed 
reduction because it consists of spur gears and idlers radially disposed about 
a central pinion which in turn meshes with а stationary internal gear. The 
idlers must revolve on their own axes and, in addition, must be free to climb 
around the internal gear. To accomplish this, the idlers are mounted on 
studs which are rigidly fastened to a spider mounted upon the slow-speed 
shaft. 


5 
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‘The planetary reducer with single reduction is suitable for ratios between 
4 and 8:1 but should not be considered for ratios of less than 3:1. High ratios 
such as 100, 200, 400, and 500:1 are obtainable in the planetary type of reducer 
by the reductions being doubled or tripled and coupled in series in the same 
cast-iron housing. 

(b) Non-planetary Type. This reducer has the advantage of giving 
comparatively low reductions and keeping the rotational speeds at minimum. 
Ratios as low as 1:1 and as high as 300:1 are practical. 

‘This type consists of spür gears radially disposed about a central pinion. 
Each of the spur gears is keyed direct to pinions which in turn mesh with a 
central gear mounted upon the slow-speed shaft. 

8, Herringbone-gear Reduction Units, The popularity of the worm- 
and spur-gear reduction units is now being shared by the herringbone type 
of reduction unit beenuse it is highly efficient as well as silent in operation. 
ТЕ is especially adapted to the transmission of large powers although it is 
rapidly coming into use for intermediate and low horsepowers notwithstand- 
ing its comparatively high cost. The herringbone type of speed reducer 
does not possess the right-angle feature of the worm drive or the shaft-in- 
line feature of the spur-gear reduction unit. Its high- and low-speed shafts 
are offset, although they are parallel with each other. 

The herringbone unit is made in the single-reduction, double-reduction, 
and triple-reduction types, and the gears themselves are either сиб with a 
central groove or with teeth having sharp apices. 

Ratios and Speeds. The single-reduction herringbone unit consists of 
one pinion and one gear, and is manufactured up to ratios of 7 or 8:1, The 
double-reduction gear is commonly manufactured in ratios up to 60:1. 
Greater ratios are more economically secured by the triple-reduction type. 

‘The herringbone reducer may ђе direct coupled to high-speed motors. 


VARIABLE-SPEED MECHANISMS 


Many modern forms of apparatus require minute variations in applying the 
speed. Frequently when such variation is desired, the control must be 
rapidly and ensily accessible to the operator, 

For many operations of this character the ideal installation is the variable- 
speed motors, but it is difficult to obtain fine adjustment with this method. 
Therefore, there are two distinct types of variable-speed. control—electric 
and mechanical, the mechanical device being тові widely used for graduated 
speed reduction or increase. 

Mechanical Infinitely Variable Speed Units. There are two typos 
that appear to be the most popular; namely, the Reeves which utilizes 
smooth-surfaced cone disks with their apices facing inward, between which 
operates а specially constructed rubber and wood block belt; and the РМ, 
unit which utilizes radially toothed cone disks with their apices facing inward, 
between which operates a laminated toothed cham. The former is available 
in ratios to 16:1 and with horsepower capacities from fractional to 150, 
whereas the latter is available in ratios to 6:1 with horsepower capacities 
from 1 to 15. Selection depends upon installation space available and the 
refinement. of infinite variation required. Both types can be had in either 
horizontal or vertical construction, and both can be supplied motorized. 

Applications. These units can be used wherever variable speed is 
desired, ‘Therefore, they are invaluable in canning, textile, machine, mining, 
paper, and cement industries. 
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Advantages. The advantages of utilizing the mechanical speed-varia- 
tion unit nre: (1) It provides an infinite number of speeds, (2) The trans- 
mission of power is positive at all speeds. There is practically no slippage. 
(8) It automatically locks in place at any desired speed. (4) Itmay be 
mounted in any position; therefore power may be applied easily by belting, 
chain, or gearing. (5) It may be driven in either direction. (6) The speeds 
may be changed while the machine is running. (7) Ratios may be obtained 
as high as 16:1. 

Control. These units can be controlled either by hand or remote electric. 
When hand controlled, а handwheel is provided direetly on the machine. If 
the machine is hung on the ceiling, a sprocket is provided on the shifting 
screw over which passes a chain to the hand-controlled sprocket below. 
When the unit is placed at a distance from the operator's position at the 
driven machine, the electric or remote control has been designed in order that 
the unit may be used to its full advantage. 


SHORT-CENTER METHODS OF DRIVING 


To overcome the defects of belted power transmission brought about by 
the short-center, open, flat-belting drive, many methods for transmitting 
power at close range have been devised. The ordinary, short-center, open, 
flat-belt drive is constantly a source of trouble due to the high belt tension 
necessitated and, as a rule, high ratios. 

Methods. 

1. V-belt. 

2. Pivoted motor base. 

3. Silent or roller chain. 

The V-belt Drive. ‘This is an economical and compact means of transmit- 
ting power from motor to various types of machinery, The drive consists 
of V-grooved cast-iron or pressed-steel sheayes in combination with one or 
more V-shaped belts made of fabric impregnated with rubber. The ba 
principle of this method is the locking effect developed as the belt seats itself 
in the groove. The top section is under tension and the lower one is forced 
into compression, thus inducing the sides of the belt to bulge, which causes the 
belt to grip the side walls of the groove through lateral stress. 

Characteristics, V-belts are made endless and operate on finished 
V-grooved wheels. "The drive is silent, operates without vibration, and is 
shock absorbing. There is a minimum of slip. The breakage of one belt 
does not shut down the drive. The drive can be operated at any angle and is 
reversible. "he drive requires no oil or dressing. Belt speeds to 5000 ft, per 
min. are permissible. 

Where the V-belt Drive Can Be Used. (1) High speeds, (2) for shock or 
pulsating loads, (3) where silence is necessary, (4) where cleanliness is neces- 
sary, (5) on short or medium centers, and (6) in wet and sloppy conditions. 

Where the V-belt Drive Should Not Be Used. (1) Та temperatures above 
190*F., (2) where adjustment between centers is not possible, (8) where are of 
éontact on small wheel is less than 120 deg., (4) on quarter-turn drives, (5) 
оп ratios over 7:1, and (6) where excess mineral oil or grease is present, 

The Pivoted Motor-base Drive. This drive is available in either the gravity 
or reaction-torque types, Since the motor is free to adjust itself, the drive 
Automatically synchronizes belt tension with the load requirements for any 
short-center, flat-belting installation. In addition, it corrects the effect of 
centrifugal tension, takes up belt stretch, and sustains maximum belt efficiency 
at peak loads. 
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The gravity type consists of a cast-iron ог welded-steel base, a pivot shaft 
and two cast-iron or steel motor-supporting arms which oscillate on the pivot 
shaft, For the best results the flat belt used should be first-quality oak or 
mineral retanned leather made endless. Through the medium of this base 
and arms the motor may be mounted on floor, wall, ог ceiling and can be set to 
give the belt tension required. Bases are available in power capacities from 
fractional to 500 hp. 

The reaction-torque type employs a definite force inherent in all electric 
motors. This force, known as “reaction torque,” is at any moment equal to 
the force exerted on the belt by the armature of the motor. In the base 
design of this type this force can be utilized because the motor is not attached 
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to a fixed foundation but is suspended in a cradle and is free to rotate through 
a limited are. Since this design is dependent upon reaction torque for its 
effectiveness and since torque acts in a circle, it will function satisfactorily 
when mounted on floor, wall, or cei The drive must be so arranged, 
however, that the reaction torque will tighten, not loosen, the belt, which 
means that the tight or pulling strand of the belt is always nearest the pivot 
axis, 

‘Sitent- and Roller-chain Drives. Chains of this character provide positive 
short-center driving with high efficiency. Both types are employed for motor 
driving, but the silent chain is more extensively used for this purpose in view 
of its silence and smoothness of operation. Both types operate on cut-toothed 
sprockets. 


CLUTCHES 


The problem of connecting full-speed power to dead load is always present 
in industrial operations. In many instances it is solved by the tight-and- 
loose pulley, but where starting loads are severe and in cases of chain connec- 
tion the clutch must be employed. 
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The clutch which controls the load by friction mediums is the one most uni- 
versally used. There are numerous types and designs of such clutches on the 
market each possessing some individual characteristic as to the methods 
employed for engaging the friction-resistance portions. However, in the final 
analysis, while their mechanisms may differ, the result ia the same. 

Friction Clutches. Types. There are a number of friction clutches on 
the market which may be classified as follows: 


1, Toggle and wood frietion-block eluteh. 

2. The lined-disk and self-oiling sleeve clutch. 
3: High-speed clutches, 

4. The worm-and-gear-controlled clutch. 

5. The friction pick-up and positiye-loc} 
6. The coil-spring clutch. 


clutch, 


Construction. The modern friction clutch consists generally of threo 
principal parts, namely, the sleeve and friction-material drum or ring which 
operates loose on the shaft and to which is keyed the load-connecting medium 
such as pulley, gear, sprocket, or shenve; the elamp disk or part that engages 
the friction ring or blocks of the sleeve drum, this part being keyed to the 
power-input shaft; and the engaging mechanism which is controlled by a slid- 
ing yoke and collar. 

Application. The friction clutch is applicable to almost any type of driv- 
ing and is indispensable to the driving of certain machine tools and where 
the power transmitted by chain is intermittent. 

The split clutch should be used on a line shaft or on any shaft where it is 
impossible to slide the clutch from the end of the shaft, 

The solid clutch should be used at, or near the end of, a line shaft where it 
can be readily removed without disturbing other elements of transmission. 

When using a split clutch the driving member on the sleeve such as pulley, 
gearing, or sheave should be split also. 

Speeds. As far ns speed is concerned friction clutches are designed in 
two classes, namely, high- and low-speed clutches. 

‘The low-speed clutch can be operated up to 500 r.p.m., while the high-speed 
clutch can be safely operated at speeds as high as 2000 r.p.m. 

Cut-off Friction Clutches. This mechanism, sometimes termed a 
Jriction cut-off coupling, is similar in construction to the regular friction clutch 
with the exception that it has no sleeve. It is used chiefly for connecting 
two lengths of shafting in such a manner that one section can be stopped or 
started at will while the other section is operating, The cut-off clutch makes 
possible a segregation or separate control of the line-shaft equipment as 
required for different departments, rooms, or floors of a manufacturing plant. 

‘The cut-off clutch is the most effective means for the prevention of uocidents 
and injuries to workmen by making possible the immediate stoppage of 
shafting or machinery, 

Jaw Clutches. The jaw clutch is а convenient method for connecting or 
disconnecting a load where shock is of no consequence and the speed is low. 
Therefore it is usually employed for very rough driving. It should not be 
considered for the average industrial transmission system and not be used on 
speeds exceeding 60 r.p.m. 

It is constructed with either square or spiral jaws, and either type may be 
equipped with a sleeve to hold the driving member. This type of clutch may 
ulso be used as a cut-off coupling. 
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CHAIN DRIVING 


Selection. The transmission of power by chain has progressed rapid 
во that at the present time there is a type and design for almost any installa- 
tion. The selection of type, therefore, is of the utmost importance because 
each style of chain manufactured is for a specific field and when misapplied ја 
costly. 

Advantages. The general advantages of chain driving are: (1) Certain 
types are approximately 98 per cent efficient, (2) Relatively high speeds can 
be obtained, (3) Not affected by heat, cold, or moist (4) Certain types 
Will transmit within reason any amount of power. (5) Give a positive veloc- 
ity ratio. (6) Can be used on short ог long centers. (7) Chains cannot slip. 

"Types. There are three distinct types of power-transmission chains, 
namely: (1) malleable-iron detachable, (2) steel roller, and (3) the silent chain. 
Each type has its own construction and applications, and, therefore, will be 
discussed separately. 

1. Malleable-iron Detachable Chain. Construction. This type 
is manufactured in approximately 25 stock sizes designated by number. 
Special sizes und designs can be obtained, but they are generally for purposes 
other than the transmission of power. This type is composed of individual 


malleable-iron links во designed as to allow ease of assembly. 

Ratios and Speeds. The most desirable speed for this type is 400 ft, рог 
min, and under, and the most desirable ratio of sprockets is not more than 
5:1, Higher ratios have a tendency to shorten the life of the chain. 


Application and Capacities, This type finds application in practically 
every form of industry where the speeds and ratios are held within the limits 
mentioned. 

‘The power capacities of this chain as to tensile strength and horsepowers are 
usually given in catalogues of the various chain manufacturers. 

3. Steel-roller Chains. Types. This chain is manufactured in throe 
styles; (а) the light-roller, (b) the heavy-steel-roller, and (с) the finished 
steel-roller power chains, 

(a) Light Steel-roller Chain. ‘This type of chain possesses three times 
the tensile strength of the malleable-iron type and operates on cast tooth 
sprockets. It is constructed with medium-carbon hot-rolled-steel side bars, 
the pins and bushings are of hardened steel, and the rollers are of either mal- 
leable iron or hardened steel. 

‘The most desirable speed for this type is 700 ft. per min. or under, and the 
most desirable ratio of sprockets is not more than 5:1. 

This type is applicable in practically every industry where the speeds and 
ratios are held within the limits mentioned. 

Power capacities are generally given in catalogues of the manufacturers. 

(b) Heavy Steel-roller Chain. This type of chain is of more rugged 
construction and operates on cast tooth sprockets. Tt is constructed with 
medium-carbon hot-rolled-steel side bars, the pins and bushings are of 
hardened steel, and the rollers are of either malleable iron or hardened steel. 

The most desirable speeds for this type of chain is 700 ft. per min. or under, 
and the most desirable ratio of sprockets is not more than 5:1, 

This type is applicable in practically every industry where the speeds and 
ratios are held within the limits mentioned. 

The power capacities can be obtained from catalogues of chain 
manufacturers. 
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(c) Finished Steel-roller Chain. This type is intended for general 
power-transmission purposes and is designed to operate on accurately cut 
sprocket wheels. It is much more expensive, but it has demonstrated ita 
economy compared with the less costly chains which operate on cast tooth 
wheels. 

It is constructed with special rolled-steel heat-treated side bars, the pins 
аге made from alloy steel hardened, and the bushings are steel, case hardened. 
‘The rollers are high-carbon steel, heat treated. 

Те is possible to operate this type of chain at speeds as high as 1000 ft. per 
min, However, it is more desirable from an economical and long-life stand- 
point to limit its operating speed to approximately 700 ft, per min. This 
type allows n wide range of ratios and can be operated successfully as high 
as 10:1. However, the average commercial-ratio requirements vary up to 
Wen 

Based on its strength and accuracy of design, this type of chain is applica- 
ble to all manner of industrial driving within the speeds and ratios men- 
tioned. This includes driving by motor. 

The ultimate or breaking tensile strengths of finished steel-roller chains are 
Kiven in catalogues of the various chain manufacturers. 

3. Silent Chain. This ів а distinct type of power-transmission chain and 
is manufactured for almost any reasonable power capacity with a sustained 
efficiency of approximately 98.5 per cent. 

It is manufactured in several types, but the difference 
entirely in the construction of the pin or joint connec 


of design is almost 
n of the links, 


‘There are two types of what may be termed rocker pin construction— 
one-pin and segmental-bushing joint, and a number of single-pin bushless 
joints, 


All types of silent chains operate on cut-tooth-steel or cast-iron sprockets, 
and the permissible speeds and ratios are similar for all, 

The most desirable speed for the silent chain is 1200 to 1600 ft, per min. 
At speeds higher than 1500 ft. per min., the silent chain should be encased to 
assure proper lubrication. "The most desirable ratios for silent-chain driving 
ranges from 1:1 to 7:1. Ratios as high as 15:1, however, have been succeas- 
fully employed. 

‘The power capacities for silent chains are thoroughly given by tables, ete. 
in data books furnished by the various manufacturers of this type of chain. 

Lubrication of Power Chains. The severe conditions under which 
most chains operate make exacting demands not only on the manufacturer of 
the chain but on the user. The former produces the best chain possible, 
and the consumer must also do his best to keep the chain clean and well 
lubricated. 

Plastic lubrication such as grease and non-fluid oil should be used on the 
thalleable-iron and unfinished-steel-roller chains. Fluid lubrication such as 
mineral oil should be used on finished-steel-roller and silent chains. Best 
results are obtained when these types are encased in what is known as an oil- 
retaining casing. These casings are supplied by the manufacturer of the 
chain. 


LUBRICATION OF POWER-TRANSMISSION EQUIPMENT 
Whether bearings, gears, or other relatively moving mechanical elements 
are being dealt with, complete lubrication implies the separation of the 
opposed working parts by an oil film which transmits forces from one part 
to another and prevents contact of metal on metal. Correct lubrication 
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implies further that the fluid film consists of a correctly selected oil of a 
quality suited to the service, whether the service be one in which the oil per- 
forms its duty but once and goes to waste, or one in which it must perform its 
duty repeatedly over long periods of time. 

The factors which are essential to the building of the oil film are: (1) The 
presence of a wedge-shaped clearance space, free from grooving such as might 
interfere with formation of an ой film; (2) speed or relative motion of the 
parts by which the carrying action is accomplished; (3) adhesiveness of the 
Ой to assure that it will follow the moving surfaces; (4) а certain degree of 
oil body. or viscosity—a characteristic which resists the too rapid escape of 
the oil from the film; (5) lubricating value of the oil which largely determines 
the strength of the oil film under pressure. 

"There are also conditions which tend to break down the oil film, chief of 
which are (1) heavy bearing loads, (2) high temperatures. Heavy bearing 
loads create intense pressures. If the carrying effect of speed or the adhesive- 
ness or body of the oil is insufficient, heavy load will prevent the formation 
or maintenance of a complete oil film. 

The effect of increased temperature on all oils is to decrease their body ог 
viscosity. . With any given oil there is therefore a temperature beyond which 
the satisfactory lubrication of a given bearing becomes impossible. The 
maintenance of lubrication therefore depends on securing a satisfactory 
balance between the filtn-forming factors of oil wedge, speed, adhesiveness, 
oil body, and lubricating value, and the film-destroying influences of pressure 
and temperature. 

Efficient lubrication is created and maintained by the action of an oil 
wedge, and this wedge must be maintained by а regular ой supply, In 
modern transmission equipment there are three ways in which the oil is 
supplied: 

(1) By the ring, chain, collar, capillary, splash systems, circulating and 
pressure «ystems, when the same oil is to serve repeatedly; (2) by the auto- 
matic system such as drop-feed, wick-feed, and bottle oiler, when the oil 
loss must be compensated for; (3) by the hand-application system, when 
the need is intermittent, periodic, or irregular. When the parts cannot be 
lubricated by any available method of oil application, it may be necessary to 
use grosse. Grease cups can at times be applied where an oiling device 
cannot, 


HIGH-STARTING TORQUE CONTROL 
Direct-connecting a motor to в load, partioularly when high ratios are 
involved, generally necessitates rigid connecting methods, In view of the 
absence of mechanical slip with rigid connections, the motor is required to 
come to full speed under the applied load of the driven apparatu 
torque required to start a heavy applied load sets up destructive stra 
both the electrical and the mechanical equipment, unless relieved by either 
electrical or mechanical devio Economically it is desirable to use standard 
induction motors with “across the line" start, since such a start permits the 
motor to come to full speed in a few seconds provided the load is moderate or 
light. Tf the load is heavy, severe starting torque strains are produced. This 
condition can be relieved by special motors and electric starting equipment or 
by mechanical devices interposed between motor and load. 
Electrical Methods. А.С. Slip-ring Motor. This type accelerates gradu- 
ally under load in view of the use of collector rings and adjustable rheostats, 
The acceleration in speed is procured by wasting energy in resistance, 
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.C. High-starting-torque Motor. This type differs from the standard 
induction motor in that it has two windings, опе of which controls the resist- 
ance during starting and the other the reactance during running. ‘The start- 
ing torque of the standard induction motor is approximately 175 per cent of 
the full-load torque, whereas for a light starting torque motor it is арргохі- 
mately 250 per cent. 

D.C. Motor. This type possesses large starting torque capacity. The 
series motor can be used when the load is always connected to the motor and 
when the constancy of speed with variations in load is not especially desired 
‘The series motor has a rapid rise in speed at high load; i.e,, if the load is not 
connected, the motor will race. 

D.C. Compound Wound Motor. The advantage of this type is that at 
starting, when the current through the armature and series field winding 
is large, the total field excitation is large; hence there is an increase in torque 
capacity. Another advantage over the series motor is that it will not speed 
up indefinitely when released from load. A disadvantage is that its running 
speed decreases considerably with load increase: 

Mechanical Methods. During the past few years, mechanical methods 
ior overcoming high starting-torque resistance have been perfected. The 
number in actual use is relatively small when compared with the special 
motor equipment available. However, in view of many advantages, the 
mechanical is becoming а competitor of the electrical. 

Advantages. (1) Elimination of expensive electrical starting equipment, 
(2) minimum size of mechanical transmission equipment, (8) economy їп 
current where starting and stopping are frequent, (4) possibility of using 
standard induction across-the-line start motors, (5) the motor horsepower 
size can be based on the running instead of the starting load, (6) reduction in 
starting shock, and (7) overload release capacity. 

Selt-aetuating mechanisms for high starting-torque service are of two types: 
those that serve аз a coupling (combining flexibility) between motor and load 
snd those thst act integrally with belt pulleys, chain sprockets, gears, and 
V-belt sheaves, The former аго known as high starting-torque couplings, and 
the latter as pulley-, sprocket-, or genr-type starters, 

The Mechanical Slip-ring Starter. This is n unit which by slipping friction 
automatically starts machinery smoothly and with uniform acceleration from 
across-the-line start motors regardless of the starting torque involved. It 
nsists of a spider, two friction bands, and a drum. The spider or 
driving element is keyed to the motor shaft, and the drum or driven 
element is keyed to the shaft of equipment to be driven, Тһе weighted bands 
which lie inside the drum are secured at one end to the spider. The opposite 
or trailing ends of the bands are frée. As the motor speeds up, centrifugal 
force causes the bands to expand and exert a frictional drag on the inside of 
the drum. The torque thus transmitted is dependent upon motor spec 
diameter of drum, and the weight of the band: 

Performance. The mechanical slip-ring starter is designed to transmit any 
required torque at a specified speed in r.p.m. For any application the full- 
load speed of the motor and the maximum horsepower to be transmitted must 
be known. The device is usually proportioned to transmit a maximum of 
125 per cent of the rated horsepower of the motor. The device can, under 
normal conditions, remain in a stalled condition, ће. with the motor revolving 
at full speed and the drum or driven element held stationary for a few minutes 
without injury to the device or motor. When the driving shaft is at rest, it is 
physically disconnected from the driven shaft, When power is applied, and 
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аз the motor increases in speed, centrifugal force acts on the bands and there- 
fore develops very gradually a connection between the driving and driven 
shafts. When the driving shaft reaches full speed, the device is transmitting 
its maximum predetermined torque to the driven shaft. ‘The driven shaft 
eventually reaches its full speed. During the period of acceleration, а gradu- 
ally diminishing amount of slippage is occurring in the device, but, when the 
driven shaft reaches full speed, all slippage ceases, and the functioning is that 
of an ordinary flexible coupling, with the additional protection of slippage, in 
the event of overload. The device is inherently а limit-torque coupling, since 
it will not transmit to the driven machine, or impose on the motor more than 
the maximum load for which it is designed. 


General Applications. 
1. High inertia starting loads, such as are encountered in centrifugals, extractors, eto., 
Where the power required to start is frequently five or six times the actual running load. 
. Where starting is difficult owing to excessive bearing friction, the device assista 
any motor by permitting almost full speed before the application of the load. This 
allows the use of motors with low starting-torque character 


Horsepower and Speeds for Mechanical Slip- 
Coupling and Integral Types 


Rpm, 

Rise of starter — 7 

45 600 es | та so | ne | 1250 
их 2и 0.16 03 0.45 0.91 25| 15 
$ x3 E 075 us| iaj 23 55 191 
8 X24 95 18 | 25 3z| 51 21 42:2 
9 хз 192 34 51 6681 104 | 22]| №5 
10 Х зи 32 58 87 "4 77 | 420 | мито 
n ха 35 66| 00 ва 203 | 48.0 | 100 
и 5 75 54 | 200 | 32| 407 | 957 380 
2 x35i 68 122 82 | 240 | 375 | во | 300 
2 хай 86 152 | 228 | 300) 453 | Шо | 370 
2 хе 12.4 22.0 33.0 | 43.0 | 670 159.0 | 555.0 
в хз 19.6 348 | 522 | 68.2 | weo| 230 
5x5 24.2 30 |545 | во Bro | 312.0 
16 x6 40 730 | 109.0 | 143.0 | 230 | 500 
в X 6 595 150 | 1580 | 2070 | 320 | 765.0 
в хо юз 15810 | 2570 | 310.0 | 485.0 | 1150.0 
в x12 ngo | 20.0 | 350 | 430 | 650 | 1530,0 
ю х6 85.0 1500 | 250 | 295.0 | 460.0 | 1090.0 
mx 70 | 250 | 3380 | 450 | 600 | 1600 
m %12 100 | 302.0 | 452.0 | 500 | 9200 | 2180.0 
n xu 258.0 | 460.0 | 600 | 900.0 | 1400 | 3300.0 
26 X12 438.0 | 7800 | 160.0 | 1520.0 | 23700 | 5620.0 
в X10 7500 | 13300 | 20000 | 2500 | 4080.0 | 9700.0 
з X12 900.0 | 16000 | 2400.0 | 3100 | +000 | 11600.0 
Nite, Direction of rotation of driving shaft must always be given. 


3. The torque-limiting feature of the device is useful in many cases where sudden 
running overloads or complete stalling of the motor is likely. It is possible to build 
the device to transmit n maximum of 150 to 200 per cent of the motor rating, ao that, in 
the event of the driven machinery jamming, the device will slip and allow the motor to 
continue at full speed until the overlond relay takes the motor off the line. 
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4. In the driving of ball, pebble, and tube mills, where the maximum running load 
сап be definitely determined, improved starting and operation can be obtained by select- 
ing а motor that is just equal to the running conditions and by applying д mechanical 
slip-ring starter of approximately 15 per cent more horsepower capacit; 
bination produces jerkless 
the mechanical power equi 
starting load. 

5. The device makes possible the use of two-speed a.o. motors for very gradual starting 
of heavy loads instead of d.c. or complicated a.c, arrangements, It takes care of the 
acceleration up to the low-speed setting of the motor, The motor control then handles 
the lond from low to high speed. 

б. With heavy inertia loads it is at times impossible to use synchronous motors because 
of their inability to "pull in." This results in overmotoring. In such oases the 
mechanical slip-ring starter, by eliminating the inertia factor WR* of the driven machine, 
enables a motor of the correct size for the running load to pull in with ease. 


Such а com- 
ross-the-line control and permite the sire of 
ment to be proportioned to the running instead of the 


Permissible Speeds. On many low-speed motors the mechanical slip. 
starter is practicable, but its proportions become large because of low сеп 
fugal force. The most adaptable speeds are from 600 to 1800 r.p.m., although 
3600 r.p.m. is possible. 

Power Capacity. Horsepower capacities range from fractional to any 
practical requirement. Mechanically there is no limit. 
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Refrigeration as considered in the following may be broadly defined as 
the art of producing cold, referring particularly to cooling below atmospheric 
temperature. The means most commonly employed for such cooling is to 
induce а change of phase in а heat-abstracting body such as is involved in 
the vaporization of liquid ammonia or the melting of ice. In the production 
of liquid air, however, cooling is brought about by expanding the gas through 
a nozzle (Joule-Thomson effect) or by causing it to do work against а brake 
(Clnude system). Other physical changes, such as the contraction of stretched 
rubber or the extension of a steel spring, the passage of an electric current. 
through a bimetallic junction, and, in fact, any reversible physical change 
involving the expenditure of work, are capable of producing cold. Radiation 
of heat from the surface of the earth to interstellar space may bo used in 
certain localities for freezing water, and cool ground waters have from time 
immemorial been used for preserving foodstuffs. 


Definitions. 

А refrigerant in its broadest sense may be defined ав any material which 
is used for abstracting heat. In a narrower, but more commonly used, sense 
the term refers only to those materials which are used in mechanical 
refrigeration. 

Mechanical refrigeration includes those processes in which the refrigerant 
is recovered and recirculated, as distinguished from those in which the spent. 
refrigerant is wasted (ice refrigeration, ice-cream freezing by salt-ice mixtures, 
cold ground waters in spring houses), Mechanical refrigeration falls into 
two general groupings, depending on the method used in recirculating the 
refrigerant. 

In the compression system (dense air ог vapor-compression machines) a 
compressor is used, which may have either a positive displacement mechanism 
(reciprocating or rotary compressor) or an impeller (centrifugal compressor). 
While the thermodynamic cycle is the same for both types of compression, 
the kinematic considerations, particularly with regard to the refrigerant used, 
are markedly different. The dense-air machine operates on the Carnot eycle 
and the vapor-compression machine on the reversed Rankine (steam-engine) 
cyclo. 

‘The absorption system differs essentially from the compression system 
in requiring no positive work input to produce cold though generally requiring 
some accessory power. Circulation is effected by absorption of the refriger- 
ant in appropriate liquids or solids which are regenerated by heat in another 
part of the refrigerating system. Absorption machines are classified as 
continuous or intermittent, the latter corresponding quite closely to 
batch processes. All continuous machines use liquid absorbents because of 
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the great practical difficulties in moving a solid absorbent about from the 
absorption side to the generator. When continuous refrigeration is required 
with intermittent units, two or more machines must be installed. 

This classification is neither absolute nor all-inclusive. Combinations of 
absorption and compression systems have been developed (Westinghouse- 
Leblanc). The processes for manufacturing liquid air or solid carbon dioxide 
do not fall into the above scheme since they employ compression but do not 
recirculate the refrigerant. The distinctions are useful, however, in consider- 
ing the operations involved. 

Practically, mechanical refrigeration is the most important branch of the 
art, and developments have centered almost wholly about the vapor-com- 
pression machine. 

Absorption machines still find considerable industrial application where 
large quantities of waste heat are available, Interest has also been revived 
in absorption systems tied in with heating arrangements for year-round 
air conditioning, involving summer cooling and winter heating, The main 
investigations have been in the direction of developing refrigerant-solvent 
combinations which ean produce refrigeration with a minimum heat expendi- 
ture. [Zellhoefer, Refrig. Eng., 33, 317 (1937).] 

Units of Refrigeration, The unit of refrigeration in the United States 
is the standard ton of 288,000 B.t.u. which is very nearly equal to the heat 
of fusion of 2000 Ib. of ice at 32°F. The standard commercial ton of 
refrigeration is at the rate of 200 B.t.u. per min., 12,000 B.t.u, per hr., 
ог 288,000 B.t.u. per 24 hr, Note that the standard ton has the dimen- 
sions of heat, while the standard commercial ton has the dimensions of 
heat divided by time. The standard rating of a refrigerating machine, 
which applies only to compression and absorption systems using a condensable 
vapor, is the number of commercial tons of refrigeration it performs under 
certain prescribed conditions. These conditions are 
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1. Nothing but liquid shall enter the expansion valve, and nothing but vapor shall 
enter the compressor cylinder (impeller in a centrifugal compressor) of the compression 
refrigerating system or the absorber of the absorption syste 

2. There shall be 9°F. (5°C.) subeooling of the liquid entering the expansion valva 
and 9°F, (5°C,) superheating of the vapor entering the compression cylinder or the 
absorber, ‘The points at which subcooling and superheating are determined must be 
within 10 ft, of the cylinder or absorber. 

8. The inlet pressure is that which corresponds to a saturation temperature of 5°F, 
(18°C. 

4. Тһе outlet pressure from the compressor cylinder or generator ia that which corre- 
sponds to a saturation temperature of 86°F. (30°С.). 


The British unit of refrigeration is based on a rate of cooling of 1 kg.-cal. 
per see, or 237.6 B.tu. per min., with inlet pressures corresponding to а 
saturation temperature of 23°F. (—5°C.) and outlet pressures corresponding 
to а saturation temperature of 59°F. (15°C.). 

The Dense-air Machine, From а thermodynamic standpoint, the 
dense-air machine operating on the Carnot cycle is capable of the highest 
efficiency. In practice, the efficiency is low because of the large volumes of 
air which must be handled for a relatively small effect. The safety of air 
аз regards toxicity, flammability, and odor was an important factor in На 
favor some years ago, but in recent years refrigerants have been developed 
which are practically as safe and more efficient. For operating details, the 
reader may consult U.S. Navy, "Manual of Engineering Instructions, 
Chap, 17, Government Printing Office, Washington. 
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DESCRIPTION AND THEORY OF OPERATION OF 
VAPOR-COMPRESSION AND ABSORPTION 
REFRIGERATION SYSTEMS 

The basic principle involved in both systems is that of transferring heat 
from an environment, at low temperature to one at a higher temperature, 
by causing a volatile liquid (the refrigerant) to absorb heat at the low tem- 
perature by vaporization and to dissipate this heat at the high temperature 
by condensation. Vaporization and condensation аге respectively induced 
by maintaining a lower or higher pressure than the saturation pressures of 
the refrigerant at the lower and higher temperatures. Both systems employ 
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Fic, 1,—Simple vapor-compression machine, 


an evaporator (expansion coil) апа а condenser. The apparatus used for 
transferring the refrigerant from the low- to the high-pressure side i« techni- 
cally the refrigerating machine, but the term is not always used in strict 
conformity with this definition. In the vapor-compression system this 
machine is actuated by a prime mover and in the absorption machine by 
heat. Economy requires that a given amount of refrigeration be produced 
with a minimum expenditure of work or heat. 

The Simple Vapor-compression Refrigerating Machine, A dia- 
grammatic representation of a simple compression system of refrigeration is 
shown in Fig. 1. Refrigerant vapor is drawn from the expansion coil A at 
the pressure pi by the compressor В; forced into the condenser C at a pressure 
m, dependent on the temperature of the cooling water, where the vapor 
liquefies: and collected in the receiver D from which it returns through the 
expansion valve E, under the pressure difference ps — 71, into the expansion 
coil. 

In this process the following heat quantities are involved, which may be 
taken from the tables of thermodynamic properties: 
heat content of vapor leaving evaporator (expansion coil). 
heat content of vapor leaving compressor. 
he = hent content of liquid entering evaporator (expansion coil), 

If the compression is adiabatic (isentropic) the work expended is 
ЕА 


The net heat abstracted is 
Hy — № 


Note that this is the heat of evaporation less the heat required to cool the 
liquid refrigerant from the temperature of the receiver to the temperature 
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of the expansion coil The ratio of the net heat abstracted to the work 
expended is known as the performance coefficient В aud may be written, 


(1) 


‘The inverse of this ratio is the efficiency coefficient E of the simple steam 
engine or turbine. 

‘The horsepower and the kilowatts required per standard commercial ton 
of refrigeration follow directly from the definition of В and the conversion 
factors: 

1 horsepower 2,546 B.t.u. per hr. 
1 kilowatt 3,415 B.t.u. per hr, 
1 standard commercial ton = 12,000 B.t.u, per hr. 


‘This gives 
12,000 4.713 
power p E 018 2 
Horsepower per ton = Si e P a) 
my 12,000 3.514 о] 
Kilowatt per ton = 3,4158 =B (26) 


which represent the theoretical horsepower or kilowatts per standard 
commercial ton of refrigeration. 

‘The theoretical horsepower can be realized only in a frictionless machine 
with a weightless piston. In general it will be very nearly equal to the indi- 
cated horsepower shown by the actual card of an indicator, which reveals 
the imperfections in the operation of the valves and the departure from strictly 
adiabatic compression. The brake horsepower is the indicated horsepower 
plus the power necessary to overcome the friction in the cylinder walls and 
bearings and the inertia of the piston, The brake horsepower will be 10 
to 20 per cent more than the theoretical horsepower. The difference between 
brake horsepower and indicated horsepower is sometimes designated as 
friction horsepower. ‘The friction horsepower is relatively larger in small 
in large machines. 
nce refrigeration involves a conversion of work into heat it might appear 
that the performance coefficient is dependent only on the temperature differ- 
ence and independent of the refrigerant used. ‘This is only approximately 
true as shown by Table 1. The temperature difference is, however, impor- 
tant, and consequently, а machine tested according to the standard American 
temperature interval will show much better performance when tested on the 
British standard, 

Sample Calculation of Performance Coefficient. Assume that the 
refrigerant is ammonia; the absolute evaporator pressure (p) 35 Ib, per sq. 
in, corresponding to 5.89°F., and the absolute condenser pressure (рз) 160 
Ib. per ва, in, corresponding to 82.64°F. (see Table 14). 

‘The heat content (Hz) of the saturated vapor in the evaporator is 613.6 
B.t.u. per Ib. and the entropy (S) is 1.3236 B.t.u. per Ib. per °F. 

To determine the heat content (Hc) of the vapor in the condenser, find the 
heat content of the superheated vapor corresponding to 160 1р. per ва. in. 
and entropy 1.3236. This is 707.5. The temperature of the superheated 
vaporis 199.5?F. (See Table 16, p. 2555.) 

"The work of compression per pound of vapor is therefore 


Ho — Hg = 107,5 — 613.6 = 93.9 Вал. 
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The heat content of the liquor (he) entering the evaporator at 82.64?F. ia 
135.0 B.t.u. (Table 14). Hence the net heat extracted is 


Hg —h, = 613.6 — 135.0 = 478.6 B.t.u. 


The performance coefficient is 


B 
and 
Horsepower per ton refrigeration = 
Table 1. Comparison of Refrigerants* 
One-ton refrigeration, 5 to 80°F, 
Weight, | Volume, | Ratio of |Coeficent| Home- | Relative 
Cycle J. | enft | com | ofpe- | power | „eti; 

vermin. | per min, | pression | formance | per ton | "itis 
Ideal., 7 des 524 | 0.8214 | 10 
Ammonia, | б 3 485 |093 | 84.5 
Propane: 1 13% 3 488 | ода | 85 
Carbon dioxide. ИП ИТ 3:74 0: 256 | 188 | 446 
Sulfur dioxide, ИШ 1388 9: 4:25 | 0% | 85 
Ethyl ether, 1155 | e 466 | omi | M6 
Dichlorosthylene, 17768 | 106. $ | ов | 4 
Trlehlorocthylen............| 21.132 | 58 3:05 | 09% | 855 
Water, ries 0:1996 | 1972 11 5 71.5 


'arrier nnd Waterûll, Refrig. Eng., 10, 415 (1923). 

Table 1 gives the theoretical performance coefficient for ammonia, which 
will be found to hold approximately for all other refrigerants except those 
boiling much below ammonia. Carbon dioxide, the notable exception, will 


Table 2. Large Enclosed York V. 5. A. Compressors with Ammonia 


а Freon 
35°F., condenser temperature, 110°F. 


‘Evaporator temperature, 


deeem Speed, г. А Brake horsepower. 
No. of cylinde | Speed, гара. | Capacity, tons peo 
Ammonis 
MX ти 2 | 360 55.2 140 
ГАР) 1 360 683 110 
9x9 2 300 мз | 107 
10 X10 2 300 187 1:07 
n ХВ 2 27 13:0 1:07 
1234 X ми 2 257 240 1:06 
| | 

9 хм 2 | зю вл | 1.27 
п 9 1 300 5 | 1223 
124 10 2 300 95.4 125 
l4 X10 2 300 19:6 120 
13и X13 2 m 133.7 120 
5 хв | 5 | т 65:1 [11] 
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require a greater power expenditure. The brake horsepower, arbitrarily 
taken as 10 per cent greater than the theoretical is shown in Figs. 2 and 3. 
А very complete study of the efficiencies of Freon and ammonia was made 
by Williams [Refrig. Eng., 31, 36, (1936)]. The results are given in Table 2. 
In case the thermodynamic tables are not available, the horsepower required 
to compress the vapor adiabatically (isentropically) may be calculated from 
the formula 


E 144k һү 
онь (в) 
where p = absolute intake pressure (35 Л, in above example) 
та = absolute discharge pressure (160 Ib, in above example). 
т = volume com- э 
pressed, cu. 3240 1.1 
ft. per min. © 
k = the ratio of 5 
specific heat & 
of the vapor, 5200 ху, 
с/с a б 
"The volume nı may usual- f $ 
ly be found with sufficient ' (eo 
accuracy from the general 5 TATA m! 
gas law equation express- @ 
ed in the appropriate P 
units. + 120 Б E 
"The net heat extracted P^ | 
is similarly the difference E i 
between the heatofevap- '9 go 1 
oration at the evaporat- 5 0.5 10 15 20 25 
ing temperature and the Broke Hp. per Ton of Refrigeration IL Mp 


sensible heat of the liquid ono 
between the condenser Ею, 2.—Brake horsepower per ton of refrigeration for 
temperature and {һе ammonia, 

evaporator temperature (specific heat times temperature difference). 

While the performance coefficients of refrigerants having critical tempera- 
tures well above that of the available cooling water will be approximately 
equal for а given temperature interval, the degrees of superheating will 
vary greatly. In an adiabatie compression the following relation hold 


FON 


where T; and pı = absolute suction temperature and pressure, 
Ts and p: = absolute discharge temperature and pressure. 
k = ratio of specific heat 
"The compression ratio ps/p, which is determined by the latent heata, will 
be nearly the same for all refrigerants (Trouton's law) while the specific heat 
ratio will be lowest for those refrigerants having high molal heat capacities. 
The refrigerants having complex molecules will therefore have a much smaller 
temperature rise in adiabatic compression than those having simple molecul 
In the ease of ethyl ether (САН О) there is actually no superheating but super- 
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cooling and liquefaction, while ammonia (NH) and sulfur dioxide (805) 
give the greatest superheating on compression. 

Indicator Card and Volumetric Efficiency. The work of compression 
is shown by the indicator diagram (Fig. 4). In the ideal case the piston 
at the beginning of the suc- 
tion stroke touches the cyl- МОГ 
inder head and the volume 
із шего. As the piston moves 
out, vapor is drawn in and 
the volume inereases at the 
constant pressure р: along 
the line АВ. The vapor is 
now compressed adiabatieal- 
ly along the line BC until 
the pressure equals the con- 
denser pressure ps after 
which it is forced into the 
condenser and the volume 
decreases along the line СИ. 
The ara ABCH is then в 
mensure of the compression & 600 LAZILY LLL 
work. У Brake Hp. per Ton of Refrigeration z L.1L Hp. 

In an actual compressor it К 
is necessary to provide а Fra. 3.—Brake m per ton of refrigeration. 
small clearance at the end јен оци ин 
of the compression stroke, represented by the segment EH. Before suc- 
tion can actually start, the vapor enclosed in this space expands adiabatically 
along the line EF. The work in an actual compressor is therefore repre- 
sented by the area PBCE which is smaller than the area ABCH. However, 
the volume of gas handled by ап actual compressor is less than by an ideal 
compressor, the ratio being given by the ratio of the 
lines FB/AB. The work represented by area ЕР'Різ Н} € 
the excess of work required by an actual compressor 
handling a volume of gas corresponding-to the line 
FB. This excess will become a smaller and smaller 
fraction, as the clearance represented by the line 
EH is decreased. 

If the compression were isothermal instead of Fio. 4.—ldeal indicator 
udinbatie, it would follow a line BC’ lying below the diagram for vapor-com- 
adisbatic BC. "The work requirement would there- Р'еніоп machine, 
fore be less. In practice this cannot be attained completely, but by compress- 
ing the vapor in two or more stages and cooling the superheated vapor the 
isothermal line may be approached (see section on Stage Compression, р. 2535.) 

The volumetric efficiency is the ratio of vapor volume handled by an 
actual compressor to the volume handled by an ideal compressor of the 
same piston displacement and would therefore be equal to the ratio FB/AB. 
Tn practice the ratio will be lower due to superheating of the vapor entering 
the cylinder, leakage, eto., bit reliable manufacturers will guarantee above 
80 per cent. Volumetric efficiencies of ammonia compressors are shown in 
Table 3. 

For a centrifugal compressor the compressor work and volumetric efficiency 
do not admit а graphical representation as does the reciprocating compressor. 
A centrifugal compressor has по clearance and therefore a 100 per cent volu- 
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metric efficiency. However, there are slippage losses around the impeller 
vanes which correspond roughly to clearance losses. The operation of a 
reciprocating compressor may be compared to a series of batch processes, while 
the operation of s centrifugal compressor is more like a continuous process, 


Table3. Volumetric Efficiency of Ammonia Compressors 


e Suction pressure, Th. per sq: la, gage 
pressure, 
та јао 
h^ ° | о | m | 30 | 0 
4 0.77 0.83 0,87 0,89 0.91 
по 8 0:60 0:70 07 0:81 0:84 
с 0:52 035 0.72 07 0:80 
4 om 0.80 ов 0.86 0.88 
160 8 0:54 0:65 0.72 0.76 0:80 
с Dei 0:58 0.66 0:72 0.75 
A ол 277 0.81 0.84 0.86 
ж В 09 06 O68 0:72 0.75 
с 057 0:52 06 0:67 ой 


A, No clearance. 
B, 4 per cent clearance. 
(6 per cent clearance. 
Dual Compression. When two refrigerating temperatures are required, 
the dual-compression system may be employed. The general principle 
of this design is to draw in the а 
vapor from the low-pressure озогу, d Wr NT 
(low-temperature) expansion ди = 
i mosphere t T 
coils, and, at or near the end ich Pressure Cylinder == 
of the stroke, vapor from the от. — recener|| 
higher pressure coils will be ad- freier ns м сш | 
mitted. The whole mixture дроге === Windhausen 
А aspire Compressor 
will then be éompressed to ће ^ ата Low Pressure 
penne on. préenie 5/0 OF Fens (end High Pressure уйпа. 
sponding to the temperature | 
of the condenser water. The 072e оли, Фри 
advantages of this system are Atmosphere 
the use of one condenser for 
the two cooling systems and а Pa 
markedly higher capacity, کے‎ ED cce 
since the low-pressure cooling ое 3 ipere 
unit requires much larger pis- pressor Multiple Effect Compressor 
ton displacement than the Бла СОЗ ee 
higher pressure unit. The Fio 5.—Indicator diagrams for Voorhees and 
chief disadvantage is the difi- Windhausen systems of dual compression. (Re 
culty of securing continuous printed by permiseion from " Handbook ој Mechanical 
adjustment between the loads Refrigeration,” by H. J. Маеймит, John Wiley 4 
on the two systems, Two 5778) 
schemes of dual compression (Voorhees and Windhausen) with the correspond- 
ing indicator cards are shown in Fig. 5. In some household units, the dual- 
compression principle is employed to maintain two temperatures, one for 
freezing ice cubes and a higher one at the optimum value for food preservation, 
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Wet Compression. In wet compression liquid refrigerant is admitted 
with the refrigerant vapor from L. 


the expansion coils. This liquid 
evaporates during adiabatic eee 
compression and thereby makes а 

the compression approach more 

nearly to the isothermal line.| 

The vapor leaves the compressor н 
with а much smaller degree of 


superheat which also lessens the ФЕ 
load on the condenser. While 


the scheme is sound in theory, $ 

it is difficult in practice to adjust 
the amount of liquid added, and 
the capacity is very much re- 


A 
duced owing to the increased 1 
cylinder volume required by the 
liquid after vaporization. The НР Compressor 


scheme can naturally not be 
used with a refrigerant like ethyl 
ether, which liquefica on adia- 
batie compression, and would 
not be particularly advantage- 
ous for those refrigerants which к 
superheat slightly. 

Multistage Compression. 
The most promising develop- 
ments toward diminishing the 
power requirements of refrigera~ 
tion are along the lines of mul 
stage compression, This sion. (Ма 


Fro. 6.—Multiple-stage (two-stage) compres- 
ire, "Handbook of Mechanical 


principle has long been usedin air Refrigeration,” Wiley.) 
compression, but in refrigeration the a a 
problem is more complicated. In 250 7 x 


general it will prove economical with = 
ammonia only where suction pres- $ 
sures lower than 5 Ib. per aq. in. 5 
(gage) are encountered. As in the E 
саве of wet compression, it сап ђе б 
applied with advantage only to Ё 

i 

= 


those refrigerants whieh superheat 


markedly on adiabatie compression B 

(ammonia, sulfur dioxide, and car- © 0 ir i Te us U TT U TE WP ТЮ 

bon dioxide but not ethyl ether, Risto of Morsepowsr Beauired for Simple Compression to 

diehlorodifluoromethune, propane, и аа 

and butane). af Ws tasand also ot Ste ig Кота ered 
Several possibilities in multiple Solrstf emperor by Lud Evaporation moras 


compression are presented. First, Fits, 


the vapor from the first stage may Е. 7.—Power saving by. multiplestage 
be cooled by water in а heat ex- "Ompression, compared with single-stage com- 
changer before going to the second Pression and evaporation, 

Stage. Second, the vapor may be cooled by the liquid refrigerant, injected 
into the vapors from the first stage, to the temperature corresponding to the 
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vapor pressure of the refrigerant equal to the pressure at the beginning of the 
second stage. Third, a combination of both may be used. А diagrammatic 
sketch of this third scheme is shown in Fig. 6. 

Vapor is pumped from the expansion coils C by low-pressure compressor 
LP into the heat exchanger H where it is cooled by water. From H it passes 
into the accumulator A where it meets liquid refrigerant from the liquid 
receiver L which cools the vapor further. The high-pressure compressor 
then compresses the vapor to the saturation pressure of the condenser K 
in which it liquefies and is collected by the liquid receiver L. The liquid 
refrigerant then returns to the expansion coils through the valve E; and to the 
accumulator through the valve Es. 

When ammonia is used for low-temperature cooling, a booster compressor 
is generally used to raise the low-pressure vapor to some intermediate pres- 
sure. The vapors are 4c 
cooled before going to 2“” 
the high-pressure com- 
pressor, partly to save 
power, partly to take 


ШУ 
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| 
ha Shan — 


Korrect intermedi 
ae Pressures for Hin 


out the superheat which 
would continue to build 
up in the second com- 
pressor. A further ad- 
vantage is the saving in 
cylinder volume, 

The power saving and 
the correct intermedi- 
ate pressures are shown 
in Figs. 7 and 8. 
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Fic, 8.—Correct intermediate pressures in multiple-stage 
compression. 


Split-stage Com- 
pression or Binary 
Cycles (Two or More 
Refrigerants), When 
very low temperatures are required, it is sometimes advantageous to employ 
two or more refrigerants in order to maintain pressures within reasonable 
limits. Thus a refrigerant of relatively high boiling point will have such a 
low vapor pressure at low temperatures that excessive cylinder volume 
will be needed, whereas a refrigerant of low boiling point will have ex- 
cessive pressures at the available condenser water temperatures, It may 
algo have a critical temperature below that of the available cooling water and 
will therefore fail to liquefy. In such cases, а low boiling refrigerant may 
he used to produce cold and the low temperature, but the condenser is cooled 
by a high boiling refrigerant instead of by water. 

A system using carbon dioxide for the low-temperature refrigerant and 
ammonia for cooling the condenser was described by Kitzmiller [Power, 
75, 92 (1932)]. Since ammonia and carbon dioxide react vigorously, great 
care must be taken in sealing joints. Recently developed refrigerants of the 
fluorinated and chlorinated hydrocarbons (Freon) permit combinations, of 
refrigerants that are non-reactive, and may often find applications in low- 
temperature problems. 

Compressors. Two general types of compressors are used for refrigera- 
tion: (1) compressors with positive displacement and (2) centrifugal com- 
pressors. Of those with positive displacement, the most common type is 
the reciprocating compressor which may be either horizontal or vertical. 
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The vertical type is largely displacing the horizontal type, the latter being 
found principally in very large refrigerating systems. In the United States 
two-cylinder compressors are common, but three or four cylinders are also 
used. Development at the present time tends largely toward the design 
of very high speed machines, since high speed gives greater capacity for n 
given cylinder volume. Electrie drive, which is used in the greatest number 
of installations, is also more readily adapted to high speeds, 1200 to 1800 
rpm. Oil- and steam-engine drives function more satisfactorily with low- 
speed machines (250 r.p.m.). High-speed machines require more careful 
design with respect to lubrication, balancing, and foundations; demand 
higher priced materials of construction; and have greater power losses due 
to friction and inertia in the piston. Water jackets are sometimes employed, 
chiefly to prevent the metal parts from overheating. They thus increase 
the volumetric efficiency but provide hardly enough cooling to make the 
compression isothermal. ‘The poppet valve operated with springs is used 
оп low-speed compressors, but high-speed machines often use light-weight 
plate or ribbon valves. Lubrication may be of the splash type if the com- 
pressor is enclosed, but for the open-frame construction or higher speed 
machines, forced-feed lubrication is desirable. Ап oil separator is generally 
provided ‘near the condenser to return oil carried over by the refrigerant 
vapors. 

Carbon dioxide compressors do not differ essentially from ammonia com- 
pressors except that heavier construction is required and stuffing boxes ure 
more tightly packed, The cylinder diameter is smaller and the stroke longer. 

Freon compressors handle a vapor of very high density, and the kinetic 
energy losses are therefore relatively high. To overcome these losses, ample 
gas passages must be provided and “streamlined.” Suction valves should 
be 80 per cent larger than wi 
monia and discharge valves about à ҮТ O hr 
100 per cent larger. However, Ë € | P 
water jackets are not needed with £ 
Freon because the gas superheats $ 
very little on compression. An 
extensive discussion of Freon com- 
pressor design is given by Williams 
[Refrig. Eng., 31, 36 (1930)]. 

Rotary compressors with positive 
displacement may be of the blade 
type operating on an eccentrie, the 
blade being kept in contact with the 
easing by centrifugal force; or of the 9.4 8 Wt QW d x X 
pendulum type. Rotary com- Number of Stages 
pressórs are well adapted to high Fio. 9.—Relative size and number of 
totative speeds and direct connec stakes required for various refrigerants (o 
tion to a high-speed electric motor; Ecc ERU р GENES ҮЧӨӨНҮ, 
valves are not needed. They have 270 20, 129 1920] 
been built only in small units, principally for household use, which show lower 
efficiencies than reciprocating compressors, but small units are in general less 
efficient than large ones. 

In the centrifugal compressor the low-pressure vapor is drawn into 
impellers which impart a high velocity to the vapors. The high-speed vapora 
emerge through discharge vanes and their kinetic energy is then converted 
into pressure energy. The speed is usually 3000 to 6000 r.p.m. Several 


hum- о 
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stages are necessary to the vapor to the discharge velocity (see Fig 9). 
Since the kinetic energy is a function of mass, refrigerants of high gas density 
are preferred. Slippage losses are less with low-pressure refrigerants than 
with high-pressure refrigerants, and since only high-molecular-weight 
refrigerants can give high densities at low pressures, a special class of such 
refrigerants has been developed for these machin 
Steam Jets. Low-pressure water vapor may be compressed Бу high- 
pressure steam in а steam jet, the operation 
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compressed per ton of refrigeration. pumped per ton of refrigeration. No liquid 
(Reprinted by permission fro cooling; dry compression; allowance made 
“Handbook of Mechanical Refrigern~ ог volumetric efficiency. (Reprinted by 
tion,” by H. J. Macintire, John permission from “ Handbook of Mechanical 


Wiley & Sons.) Refrigeration,” 
Wiley & Sons.) 
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air conditioning or other uses. Temperatures from 35°F, up can generally be 
attained, 

"The success of such units depends upon the mechanic: 
jet, which may be made quite high by proper design. Steam requirements 
аге 25 to 30 lb. per ton of refrigeration with steam pressures of 100 Ib. or 
higher, An individual jet does not allow for much change in load, so for 
ing loads several jets in parallel are necessary to turn off or on ав the load 
The refrigerating capacity of the jet increases approximately 
20 per cent for ап increase of 5?F. in the temperature of the chilled water. 
However, if the temperature of the condensing water is increased 5°Ё. 
beyond the maximum anticipated in design, the jet may fail to function 
altogether. To avoid this contingency, а reserve of 25 to 50 Ib. in steam 
pressure should be provided. Condensing water requirements are about 
three times greater than in conventional compression systems [Bancel, 
Trans, Am. Inst. Chem. Engra., 30, 136 (1933—1034)]. 

If adequate height is available, it is desirable to provide a barometric 
sondenser to lower the back pressure on the jet. 

A full discussion of cycles, standards, thermodynamic diagrams, and test 
codes for steam jets may be found in “Steam Jet Ejector and Vacuum 
Cooling Systems," Heat, Exchange Institute, New York, 1938. 
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Lubricants. ‘The oil used for a refrigeration system should have a suff- 
ciently low pour point so that it does not congeal on the coldest parts of the 
system. Most of the oil companies prepare such a grade of mineral oil, the 
usual specification being a pour point of —20°F. to —30°F. Such oils may 
be used for ammonia, carbon dioxide, and sulfur dioxide. Propane dissolves 
to a very appreciable extent, and the oil when removed from the oil separator 
foams extensively. Liquid sulfur dioxide has some lubricating effect and 
has в higher specific gravity than oil. The oil used for SOs machines must 
be highly anhydrous. 

Light mineral oils сап be used for methyl chloride and ethyl chloride 
machines, but since they are soluble in oil, glycerin is often used as a lul 
cant with these refrigerants. When propane or butane is used in house- 
ld machines, the best results are obtained with glycerin or glycol mixed 
with deflocculated graphite. Household machines in general require extreme 
precautions against infiltration of moisture, 

Compressor Capacity. The weight of dry-saturated gas that must be 
compressed by the compressor per minute to produce 1 ton of refrigeration 
per 24 hr. is given by the formula: W Ю/(Нь — he), where W is the weight 
of gas compressed per minute, Ру is the total heat in 1 lb. of vapor at the 
evaporator pressure, A, is the heat of the liquid at the receiver pressure, and 200 
is the number of B.t.u. removed per minute to equal 1 ton of refrigeration per 
24 hr. (Table 4 and Figs. 10 and 11). 

Table 4, Cubic Feet of Ammonia Gas to Be Pumped per Minute to 
Produce 1 Ton of Refrigeration per Day of 24 Hr, 


Condenser 
» | из | о | сз | د | دد‎ | ка | 15 | am | ae 
Р 
> |e | л | a | or | а“ = | з | ют | № 
H 4 5.84 5.90 | 5,6 | 6.09 | 6.16 6.30 | 6.43 
H 6 5:35 | 5:40 | 3:46 | 5:58 | 5:64 5.77 | 5.83 
2 3 6 | 43 | 4.76 26 | 491 5.05 | 3% 
а B 409 | 412 |-4:17 | 4.21 | 42| 430 2:40 | 14 
6 3:59 | 3:6 | 3:66 | 3:70 | 3:74 | 3:78 3:87 | 3:91 
20 3:20 | 3:24 | 3:27 | 3:30 | 3:34 | 3:38 3:45 | 3.49 
pi 2:87 | 290 | 2:93 | 2% 2:9 | 3:02 3:0 | 3.12 
28 259 | 261| 216) 2:68) 271| 273 2:80 8 
33 231 | 24 | 236 | 238| 2:4 | 24 2:49 | 25 
39 2:06 | 2:08 | 210) 212 | 2.5] 217 22) 2:24 
5 1:85 | 1:87 | E89 | T91] 1.93 1:95 200 | 20 
51 1270 | 122 | 174| 176 | 1:72 | 175 1:83 | 165 


| 

"The values in this table are calculated theoretical values. In practice, allowance must be made for 
lossen, Temperatures are in degrees Fahrenheit. 

The formula for the theoretical capacity, in tons of refrigeration per 24 
hr., of a double-acting compressor, taking into consideration the specified 
pressures in the condenser and the refrigerator, is 

т = 20.7854 XLX2XxXNXh 
1728 X 200 
where T is the tons refrigeration in 24 hr.; d is the diameter of compressor 
cylinder in inches; L is the stroke in inches; N is the number of revolutions 
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per minute; л is the refrigeration effect of 1 cu. ft. of ammonia vapor at refrig- 
erator pressure, completely evaporated from liquid at condenser pressure. 

For single-acting machines divide the tons of refrigeration found from this 
formula by 2. The capacity of vertical single-acting enclosed machines ia 
shown in Table 5. 


Table 5. Capacities of V. S. A. Enclosed-type Machines 


25 


mam [n 
- ог | Displacement y in tons per. г. it aq, 1n. 
Cylinder | speed per | "per minute Capacity i tons pe 24 By Ts per ва 
| 
|g Е 
| . ч 
|||. | 2] 2 | ae 
2г|= | <= 2121 lë i| | RE 
1 3 3 | 300 | 150 | 6,362) 3.68 L51 | 0.85) 1,90 1.07] 1.24 
1 4 4 | 275 | 183 | 13,828) 7.99 12| 1.78) 2.0 | 2.2 | 2.6 
2 4 4 | 275 | 183 | 27,646) 15.98) .24 IE 5 | 4.0 | 4.4 | 5,2. 
2 5 5 | 240 | 200 | 47.124) 27.3 84 .97| 6.8 | 7.7 | 8,85 
2 6 6| 220 | 220 | 74,644) 43.2 6 10.0 11.4 [12.6 |14.5 
2| 7| 7| 20| 245 | 113,146) 65.6 2 15:5 17:4 |19:6 22:4 
2 8 8 | 200 | 266 | 160,848] 93.08) 6 j22.1 |24,9 128.0 [32,1 
2 9 9 | 190 | 285 | 217,570125.8 .2 129.8 (33.8 |37.9 43.5 
2 10 | 10 | 180 | 300 | 282,744 163.62 .1 [38.8 144.9 150.4 (57.8 
2 12 Е | 170 | 340 ш ш 2 (63.4 |71.6 p [92.4 


Multiply above capacities by factors in Table 6 to obtain capacities at different condenser pressures, 


CONTINUOUS ABSORPTION SYSTEMS 

In the conventional continuous absorption system (Fig. 12) the refrigerant, 
usually ammonia, is drawn from the expansion coils P at a given pressure 
т and dissolved in the absorber G where the combined pressure of solvent and 
refrigerant must ђе less than p. The refrigerant is recovered by applying 
heat to the generator A; separated from entrained water by the analyzer or 
rectifier В; liquefied in the condenser С: collected in a liquid receiver D (not 
shown); and returned to the expansion coils F through the expansion valve Е. 
Since the absorber is at lower pressure than the generator, it is necessary 
to insert between them a pump H to transfer the ammonia solution usually 


Table 6, Ammonia Suction Pressure 


um бы | 9]. | 12b. | tom | 190b. | 245. | 280. | 331b. 
pet iq. in. gage 

200 0.975 | oso | 0.975 | 0.97 | 0.978 | 0.907 0.977 

168 109 | 108 | 1028 | 1:08 | 1@ | 107 1:022 

183 1:06 | пою | 1:05 | 15 | 108 | 1:05 1:08 


known as strong aqua, The generator does not remove all the ammonia from 
the water, and this weak aqua solution is returned to the absorber through tho 
heat exchanger I. Considerable heat is evolved in the absorption of ammonia 
vapor, und cooling water must be supplied to keep down the temperature and 
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pressure. In the absorption system two complete cycles are in operation: 
(1) the refrigerant cycle, and (2) the absorbent cycle. Just as the absorbent 
contains some ammonia, so the refrigerant contains a small quantity of water. 
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Fro. 12, 
In the absorption cycle the heat quantities involved per pound of ammonia 
passing through the expansion valves are 


heat input to the generator, 
heat absorbed by the expansion coils. 


Q: = heat equivalent of the work of the pump. 
Q4 = heat rejected in the condenser. 

Qs = heat rejected in the absorber. 

Qi = heat lost by radiation, ete. 


‘The heat balance is then given by the equation 
о +Q: + @ = Qa + Qs + Qe 


Of these quantities only Qs, Qi, and Qı can be computed with any exactness. 
©: is very nearly the heat of evaporation of 1 Ib. of ammonia at the tempora- 
ture of the expansion coils. : Similarly Q4 is very nearly the heat of condensa- 
tion of 1 Ib. of ammonia at the temperature of the condenser, Q: may be 
found by the equation 
Qs = Grp — p) 

where б = strong aqua pumped per pound of refrigerant passed, 1b. 

v = volume of 1 Ib. of strong aqua, cu. ft. 

р+ = generator pressure, Ib. рег sq. in. 

та = absorber pressure, Ib, per sq. in. 

"The heat. rejected in the absorber Qs is made up of three parts: (1) the heat 

of condensation; (2) the heat of solution in going from weak aqua to strong 
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Table 7. Differential Heats of Solution of Liquid Ammonia 
B.t.u. given up per pound of ammonia dissolved 


Cou] Hest) Com | Heat | Com) Heat | Com | Heat | Com] Ней | Cor | Наг 

centra | of jcentra- of Jeentra-| of eentra-| of [centra] of  |centra-| of 

"ion* lsotution! “tion solution! ton leolution| tion solution! tion solution! Чоп [воронов 
9 [74| i) 3028) 21 | 253.8) 31 |1976] 4l 3 | 80 
1 |38| 12 |2%2| 22 |ze4| 32 |199) 42 52 | 58 
2 |302| B | 286] 2 |26:0| 3 5 3 | 6 
з |366 | 14 |290| 24 | 237.61 34 4 EBEN 
3 |330| 15 |244| 25 |322| 35 $ 5 | 342 
5 |394| 16 | 294 | 26 |2264) 36 % 56 | 274 
$ |350| m | 2143 | 27 |2207) 37 47 Я | 205 
7 |06| 18 292| 28 |249) 38 5 38 | 17 
8 |362] № |2642] 2 |292| 39 b] 5 | 68 
ә |318 | 2 | 25.2 | 30 | 203.4) 40 50 @ | 00 


10 1307.4 
* Average concentration; percentages of ammonia by weight. 
Table 7a. Integral Heats of Solution of Liquid Ammonia* 


Рег cent ol tu. per 
‘ammonia | pound of | pound of 
һу weight | mixture 

0 0 
10 34.4 
20 657 
30 9215 
E 108.2 
50 109.4 
@ 101.9. 
70 BB 
E] 60.7 
90 31.9. 

100 0 


* Recalculated from data of Zinner, Zeit. gesamte Kı Industrie 41, 21, (1934). 

Note: Tables 7 and 7a are bused ou data from different sources aud are not perfectly consistent; the 
differences are negligible for most engineering calculations. The data of Table 7a are probably more 
accurata. 

Table8. Test Results at Quincy Market Cold Storage and 
Warehouse Co. 


Тиват conditions Com 
Capacity | Capactty | suction | Dis- | pres. | a „promon | Steam 
Machine | madine, | За | tempera- | chargo | sure, | Supot Wacunm,| FP per | por ton, 

| ims *| iens | tures | еше П, per | Мр» | in Hg 
1 1000 450 +10 115 228 
2 400 400 mi 15 390 
2 400 400 +10 из 282 
3 500 288 -u 139 426 
4 500 310 -0 130 
5 150 150 —10 15 430 
5 150 150 +10 15 36 
6 100 100 —10 115 459 
6 100 100 +10 ns 389 
i 25 25 —10 15 342.2 
7 25 25 +10 15 316.8. 


1 aud 2, crose-compound Corliss engines; 3, tw 
engine; 4, two-stage clctrically driven compresor 
machin 

‘The discharge pressures in these tests ure exceptionally favorable and resulta in low power consumption. 

‘The absorption machine was more economical than the 400-ton compression machine with the low. 
Пре suction gas nd [es economical than the same machine with high-temperature suction gan, 

Station operation résulte show that absorption machines require 25 to 35 Ib. of steam per ton of relrig. 
eration with O° brine and 150 Ib. per sq. їп. condenser pressure. Makers’ guarantees are from 55 to 60 
Jb. of live steam per hour per tou of ice, 


tage feather-valve compressor driven by Uniflow 
and 6, tandem compound engiues; 7, absorption 
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aqua; and (3) the heat which must be remoyed.from the weak aqua solution 
to reduce it to the temperature of the absorber. The theoretical heat input 
to the generator О; has three corresponding parts. The values may be 
approximately found from Table 7. 


Table 9, Ammonia Absorption Machine—Heat Removed in 
Absorber - 
The tabulated quantities are B.t.u. per pound of ammonia absorbed, The pressure in. 
the absorber is that corresponding to the temperature and pressure of the strong solution, 
‘The ammonia gus is assumed to be dry and saturated as it enters the absorber. 


Concentration (96), u and temperature (°F.) of strong solution 


Concentra- 
Tempera- 
tion per | ture of weal % % % 
ое! оГ weak | ture oF weak 5% 305; 35% 40% 
‘solution, zs اا‎ 


во” | 80° | 100° | 60° | 80° | 100 | 60° | 80° | 100" | 60" 


20 120 


752] 
836| 735 
920] 819 


25 120 


79) 
906| 762 
1033| 890 


891 
1147| B76 
1404| 1132 


35 120 


‘The value of Qs is obviously indeterminate, 

In view of the lack of thermal data on the processes in the absorption 
machine it is practically impossible to calculate efficiencies. Tests conducted 
at the Quincy Market Cold Storage and Warehouse Company (Table 8) 
show how the steam consumption on absorption machines compares with the 
steam consumption if used to operate a steam engine driving а compressor 
unit. Table 9 gives a similar comparison of theoretical performances. 


z 
S 
ч 
M 
5 
S 
8 
E 
8 


Lb. per eq. in. abs. 


"Total Vapor Pressures of Aqua Ammonia. 


Table 10. 


of ammouis În the solutions In percentages 


Molal concentrati 


439-60 
493.40 


5.1 
2 


SAAISSERRASRTFANS 


0,042 


i 


ЕЕ 


0, 


ВАВТ 05559 


156.41 | 21:24) 278.20) 355.10 


ЗЕчедлељезленавеље на 


еевавевево је чатлвке свя 


68| 88:17) 121/68) 163.70] 21 


И 78:33] 104.84 ЕНЕ 
73:30] 102.56] 140.75| 188.10 243.30, 304.30 


85,33) 118.68) 161:81| 215.20] 277.00 345.50 
98,80) 136.42, 185:10] 245.10) 314.50) 390.70 


62, 


53. 
149,20) 202.74) 270.92| 354.10] 448.90) 552.30 


19.4 229.62) 305.4 597.60] 502.40 


130.64| 178,28) 29:70] 314:50] 400.20, 


13:80 


855585. 


51:81 
60.62 
70:72 
81.91 
94:43 

108.60) 


55355827753 


30.86 | 44.02 
59.00 


78:91 


I EE 


EE | 30.00 
36:26 | 50.58 


57.65 


Lb. per sq. їп. nbs. 


in the solutions In percentages 


Molal concentration of amr 


Errem 


= апела нити 


"ара са EEL 


eNews RIS‏ کر 


SETTNA 


SZOASSARRR: 


21:60 | 30.72 | 43.14 


25:61 


Partial Pressures of Water Vapor above Aqua Ammonia. 


sess 


ESSASIRERSNERERIAS 


20:78 | 35.59 | 49.60 | 68.46 


24:97 | 41.52 


БОБЕР 


SEERA 


250 | 20:83 | 48:32 | 66.67 | 90.74 | 124108] 


20. 
240 


Table 11, 


S9sSRSESER 


SESSSESERERRSR 
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"Table 10 gives values of the total vapor pressures of aqua ammonia as a 
function of the temperature and of the concentration, Table 11 gives values 
of the partial pressure of water vapor for various concentrations of aqua 
ammonia as a function of the temperature. 

Table 12. Performance of Absorption Machine with Different 
Condenser and Suction Pressures* 


Condenser pressure, Ib. рег ва, in. abs, 


155 | 185 | 25 


Suction pressure, Ib. per sq. In. abs. 


» | 


ИЕ 


ЕЕ 


BL, per cent. 
WL. per cent, 
8G. lb. 


Relative capacities { 


SL is strong liquor. 
У, is weak liquor, — 
S.G. is tho steam consumption of the 

RP. in the steam consumption of the 

* Voorhees, " Refrigerating Machines," 

Absorption machines are gradually becoming obsolete in industrial work. 
They were formerly much favored for low-temperature work. However, 
when large quantities of waste heat are available, it will always be well to 
examine their use. This obsolescence may be traced to several causes: (1) 
the bulkiness of the apparatus, (2) the increasing availability of cheap electric 
power, (3) the development of multistage compression for very low tempers- 
ture refrigeration, (4) the lack of flexibility in its operation, (5) the necessity 
of constant and skillful attention for maximum economy, and (8) the corro- 

ion of the system by the aqua ammonia solutions, which, however, may be 
largely nullified by sodium bichromate to the extent of 0.2 per cent of the 
total aqua charge (MeKelvy and Isaacs, J. Ат. Soc. Refrig. Eng., March, 
1918). 

Absorption Systems with Other Refrigerants. Interestin (ће use of 
absorption systems for air conditioning has been revived recently (Zell- 
hoefer, Refrig. Eng, May, 1987). ‘Because of its odor, ammonia cannot be 
used in this application, and considerable research has been devoted toward 
finding other combinations of refrigerants and solvents which will be аз 
efficient ав the ammonia water system. The prime requirement is that the 
refrigerant shall be highly soluble to minimize the heat waste in warming 
the solvent, 

Platen-Munters Continuous Absorption System. In the Platen- 
Munters system (Electrolux Household Refrigerator), circulation of 
refrigerant and absorbent is effected by the operation of hydrostatic forces 
developed within the system itself, and consequently there are no mechanical 
moving parts. In order to produce these hydrostatic forces, it is necessary to 
add а third component, which must differ in density (molecular weight) from 
the refrigerant and be capable of separation from the refrigerant, The 
usual combination is ammonia, water, and hydrogen. 
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‘The essential features are shown in Fig. 13. Strong ammonia solution is 
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heated in the lower portion of the generator G, the weak liquor flowing back 
to the absorber А, while the ammonia-water vapors are separated in the 
rectifier R and the ammonia vapors liquefied in the condenser C. The liquid 


Gr 


ammonia passes through a heat ex- 
changer D into the evaporator E. 
In the evaporator it flows into an 
atmosphere of hydrogen and is vap- 
orized, though the process is more 
analogous to humidification. ‘The 
ammonia-hydrogen mixture then 
moves back to the absorber A 
through the heat exchanger, and the 
ammonia is dissolved leaving sub- 
stantially pure hydrogen. Circu- 
lation is produced because the 
column of hydrogen in the absorber 
is opposed by a heavier column of 
hydrogen-ammonia vapors in the 
evaporator, although the total gas | А 
pressure throughout the unit is Fic. 13,—Electrolux gus-heuted refrigerating 
equal. A difference in hydrostatic Nu. 

pressure, obtained partly by heat, partly by change in liquid density, also 
prevails between the generator and absorber. 

The Platen-Munters principle has as yet found application only in the 
small household refrigerator. To function properly it is necessary that 
leakage be avoided, and this entails excessive construction costs on large 
units. The efficiencies and capacities of a 


small unit are shown in Fig. 14, efficiency 
being based on the ratio of refrigeration pro- „0% mi 
duced to heat supplied. H Е 

Intermittent Absorption Machine, In Ёо; Ае ave NL | E 
the intermittent absorption machine the ab- € Ја Y t 
вогђег and generator, and the condenser and E T ё. 
the ‘evaporator, are combined. During the 508} H за 
cooling period the refrigerant is taken up by Е E 
the absorbent which may be water, silica gel, hi ©, 
activated charcoal, or chlorides of the alkaline ij^ Pe 
earth metals. When the absorbent has be- © = 
come saturated it is regenerated by heating ^ 010 8 


бол 8 м 


and the vapors condensed in the evaporator ne Water Temperature Dag 


which is cooled by running water. These ma- 
chines have not proved very successful fortwo Fio. 14—Efect of varying 
reasons: (1) the general desirability of main- ©6061 hater | temperdtiite, Оду 
taining continuous refrigeration and (2) the Rê 2-5 eu. ft, per hr. Room 

~ s А. temperature 70°F. Quantily of 
great explosion hazard in overheating during watar 7 gal, por hri 
regeneration. 

For air-conditioning work they have recently aequired some promise, 
silica gel being used for absorbing moisture from the air and later regenerated 
by gas firing. A good deal of research has been expended on their ndapta- 
tion to truck and railway refrigeration [Keyes, Ind. Eng. Chem., 21, 477 
1929)]. 
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REFRIGERANTS USED IN VAPOR-COMPRESSION AND 
ABSORPTION SYSTEMS 
‘The choice of a refrigerant is always determined by the specific conditions 
of refrigeration to be met. А refrigerant cannot be used in a compression 
machine if the temperature of the available cooling water lies above the 
critical temperature of the refrigerant. The temperature of cooling waters 
in America is usually too high to use carbon dioxide with advantage (see 
Fig. 15). For absorption machines, it is necessary that the absorbent be 
capable of taking up large quantities of the refrigerant. In centrifugal 
compression machines it is necessary that the vapor pressures be аз low as 
possible so as to reduce the number of stages and that the molecular weight 
be as high as possible во as to reduce the peripheral speed of the rotor. 


Fig. 15.—Surface-water temperatures (during summer months) in the United 
States, (Reprinted by permission from " Handbook of Mechanical Refrigeration," by 
H. J, Macintire, John Wiley & Sons.) 


In vapor-compression machines of the reciprocating type, refrigerants of 
high vapor pressure are desired since these give low piston displacement and 
smaller friction losses. А comparison of the vapor pressures of various mate- 
1з is shown in Fig. 16, where the logarithm of the vapor pressure in atmos- 
pheres is plotted against the reciprocal of the absolute centigrade temperature, 
The slopes of all the lines are very nearly parallel (Trouton’s law), water 
being the notable exception, and the compression ratios for any given tem- 
perature interval are very nearly equal 

Other properties of importance are: chemical stability, inertness to metals 
(corrosion), ease of detection in case of leaks, and behavior with lubricants. 
Cheapness of the refrigerant is a very important item in larger units since 
it is not practicable to prevent leakage altogether. 

Ammonia is the most important refrigerant used in industrial work, but 
the irritating and toxic character of the vapor excludes it from certain applica- 
tions, such as marine refrigeration or air conditioning, where carbon dioxide 
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and dichlorodifluoromethane are preferred. Although the thermodynamic 
efficiency of ammonia is not very different from other refrigerants, its low 
gas density is a distinct practical advantage in reducing power losses. In 
certain chemical processes, notably those in which free chlorine may ђе 
present, ammonia is also undesirable. Propane having nearly the same 
pressures as ammonia may be substituted in machines designed for ammonia. 
For household refrigeration, air condensers are preferred because of the 
convenience in moving the units about, and, since ammonia does not work 
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Fic. 16.—Vapor pressures of refrigerants, 


satisfactorily with an air condenser, it is not used in any of the small machines 
of the vapor-compression type, its use in this field being confined to the gas- 
fired absorption machines. Automatic regulation is also more difficult 
with ammonia because of its high latent heat, per pound, which means that 
a small departure from the average flow upsets the temperature а great 
deal more than with a refrigerant of low latent heat. 

‘The most important refrigerants used in household machines are sulfur diox- 
ide, methyl chloride, and difluorodichloromethane. The last-named refrigerant 
has been developed in response to the demand for a non-toxic, non-flan 
mable material for household machines. [Midgeley and Henne, Ind. Eng. 
Chem., 22, 542 (1930).] Dimethyl ether, first proposed by Linde at the 
beginning of the modern period of refrigeration developments, is used in some 
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German units. The low-pressure, high-molecular-weight  refrigerants— 
methylene chloride and the more complex fluoro- chloro- methanes—are used 
in centrifugal compressors for air-conditioning work. 

Binary mixtures have been proposed as refrigerating fluids, but they have 
been unsuccessful because one of the components is always likely to leak out 
more rapidly than the other and when this happens it becomes impossible to 
interpret indicated pressures satisfactorily. They also require a greater work 
expenditure if any rectification occurs in the evaporator. 17 two refrigerants 
have nearly identical vapor pressures, such as methyl chloride or dimethyl 
ether, or carbon dioxide and nitrous oxide, they cannot be separated and 
would act as a one-component fluid. Two refrigerants may also form con- 
stant boiling mixtures which behave similarly, but the yapor pressures of 
such binaries have not been determined. There are no essential advantages in 
binary mixtures except that the freezing points might be lowered. 

Small admixtures of warning or detecting agents are sometimes added. 
"hus peppermint may be added to enrbon dioxide, aerolein to methyl chloride 
(both of which have characteristic odors), or ethyl nitrite for the detection 
of pinholes by discoloration of starch-potassium iodide paper. With 
ammonia, a sulfur candle, a piece of litmus paper, or a glass rod dipped in 
id serves as means of detection. Refrigerants containing chlorine ean 
usually be detected by lighting a taper which gives a bluish-green flame in the 
escaping vapors, but this procedure is to be used with care in the case of 
methyl chloride which may form an explosive mixture with айг. 

The heat-transfer characteristics of refrigerants, in both the liquid and 
gaseous phases, are also important, but very few comparative data haye been 
obtained so far. According to В. С. Doremus (Eng. Sec., Elec. Refrigeration 
News, Sept. 23, 1931) the rate of heat transfer for sulfur dioxide is about 55 
per cent as great as for methyl chloride under the same conditions of evapora- 
tion. Thermal conductivities have been measured by Schreiber [Z. Ver. 
deut. Ing., 78, 969 (1931)] with the following results: 


BOs. seisine. 0.194 Bit.u./sq. ft. (br.) (PF. per ft) 
COs sass. 0.121 Вали ва. ft. (hr.) (*F. per ft.) 
NH... 0.36 B.tu,/sq. ft. (hr.) (°F. per ft.) (approx.) 
шо. му: 0,36 P.t.u./sq. ft. (hr.) СЕ. per ft.) 


Thermodynamic Properties of Refrigerants. The thermodynamic 
properties of various refrigerants are given in the following tables: 


Freezing points of refrigerants. . 
Ammonia, .... 
Carbon dioxide... 

Sulfur dioxide. : 
Methyl chloride. . . 

Ethyl chloride. 
Dichlorodifiuoromethane 
Dichloromonofluoromethane 
Trichloromonoftuoromethane. 
Propane. 
Butane 
Isobutane. 
Ethane. 
Methy 
Nitrous oxide. 
Ethyl ether.. 
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Table 12а. Freezing Points of Refrigerants 


Refrigerant 


* Circ. 2, Am. Soc. Рејно, Eng. (1926). 
T Courtesy Kinetic Chemicals, Тас. 


Table 13. Properties of Liquid Ammonia* 


Saturation Variation 
pa of hit = 
Теш У presare | Рош" | y. 
Pressure| ү, Den- | ‘Specific | Heat | Latent tion, bility. 
“fae, | ste | est sentent, Бы |. er n 
Tb. per | peris Валериј Butu | Bitu ; | persa in. 
1 ак а 
t р "ре А |: 1 $): |S): 
‘Triple |... 10:01961 51.00 
point | { 0:88] 02182 
2100 | 124 202197 1o 
2% | 152 :02207 1:042 
290 | 1185 :02216 1:043) 
-5| 2 ne 1:045) 
- | 22.026 1:046) 
—75| 329.024 (1-049 
= 70 | 394 022% 1:050) 
= 6| 46) 10257 (1:052) | 
= 60 | 5159 102278 10% |-21 0.0026. 44 
= 55 | 65 028 10% |-15.90 | 607.5 0026 45 
-ю| 7.6 0229 1.058 |--10.61 | 604.3 0026 m 
= 5| 895 202310 1:060 |— 5.31 | 600.9. 10026 47 
= 40 4l 202322 1:062 | 0:00 | 597:6 0025 48 
= | 1205| 088 1:064 |+ 5.32 | 594.2 0025 50 
= 30 | 13:90) 102345 11066 | 10:6 | 590.7 0025 51 
—325| 15.98.0357 1.068 | 16.00 | 587.2 0024 52 
= 20 | 18:30) 202369, 11070 | 21.36 | 5836 0024 54 
= 15 | 20:88 0981 1:073 | 26:73 | 580.0 0024 55 
= 0 | 2774 202393 1:075 | 32:1 | 576:4 0023 57 
= 5 | 26:92 0% 11078 | 37:51 | 572:6 10023 58 
0| 3042 .02419 1.080 | 42.92 | 568.0 0022 60 
5| 342) 022 1:08 | 4835 | 565.0 0022 62 
10 | 38:51) 0246 11085 | 5379 | 511 0021 64 
15 | 214) 02400 11068 | 5924 | 557.1 0021 66 
20 | 4821 102474}. Von | 6671 | 553.1 0020 68 
25 | 53.73) „02468 |40.20 | 104 | 70.20 | 548.9 0020 7.0 
30 | 59,74) .02503 39.96 | 1.097 | 75.71 | 544.8 -0019 73 
35 | 6.268 202518 [39:72 | 1.100 | 81.23 | 540.5 10019 75 
40| 73:32 102533 39-49 | 1:104 | 8677 | 536.2 10018 78 
45 | 80,96] :02548 39.24 | 1:108 | 92:34 | 531.8 10017 [3] 


* Dept. of Commerce, U. S, Bur. Standards, Cire, 142, 1923. 
| Properties of solid ammonia at the triple point (—107.86-1.).. 
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Table 13. Properties of Liquid Ammonia (Conéluded) 


Saturation Variation 
| мей | ла | Con- 
Т procure | (fon | prom 
ifie Latent | variation, | Sant, | ibility, 
i Batu. per Ib. 
ан 
t А уе к |1 1 (35, 
| 
so | 99.19 [0.02564 | 1.112 | 9753 | 223 | soo | 0.007 
55 | 986 | 025813875] 116 | 103.54 | 5228 | — -0032 0016 
čo | 1076 | 202597 [38:50 | 1120 | №18 | 518:1 | = -0033 0015 
65 | 117:8 | 1054 3825) 115 | 14°85 | 513:4 0034 0014 
70 | 1288 | 202632 3800 | 1.129 | 120,54 | 506.6 | — 00% 0013 
75 | №05 | .02650 8774 | 1.133 | 126.25 | so. | — озу 0012 
go | 1530 | гожев [37°48 | 1:138 | 51:59 | 398:7 0038 0011 
85 | 166,4 | ‚02687 3721 | 11а | 157.75 | 436 | — -0040 0010 
% | 180.6 | 02707 36:95 | 1.147 | 143.54 | 488:5 0041 0009 
95 | 195,8 | ;02727 |3567 | 111 | 149.36 | 483.2 | = 0з | 10008 
joo | 211.9 | 02747 36.40 | 1.156 | 155,21 | 477.8 — (005 0006 
105 | 2289 | 0279 [36:12 | 1162 | төт 09 | 4723 | — 10047 005 
по | 247.0 | 02790 [35.84 | 1.168 | 167.01 | 4667 | — 009 0008 
115 | 26612 | 0283 8855 | 1:176 | 17297 0 | — OO 0001 
120 | 286.4 | 02836 35.26 | 1183 | 178,98 | 455.0 | — 20053 0000 
125 | 307.8 | „02860 134.96 | (1.189) | (189) | (609) 
130 | 330.3 | 02885 [34.66 | (1:197) | (19) | (469) 
135 | 354:1 | cozni [8435 | (1:205) | (197) | (430) 
140 | 3791 | :02038 [34.04 | (1213) | (203) | (430) 
M5 | 405.5 | :02966 33:72 | (1.222) | (210) | (423) 
mea mem») gu | (не 
155 | 462.3 | :03025 [5306 | (128) | (222) | (409 
160 | 492.8 | 00% [32.72 | (1.25) | (229) | (401 
165 | 524.8 | -03089 [32.37 | (1:26) | (239) | (399) 
10 | 558.4 | :o3t24 32:01 | (27) | (241) | 685) 
15 ms suse | (120) ДЕ 
Yeo | 203 e га | 61.30) | 09 | рш 
185 | 6687 | :03238 [30.88 | (1:32) | (262) | (Зы) 
100 | 704.9 | 03281 [50.48 | (1:34) | (209) | (381) 
195 | 750.9 | :03326 30:06 | (1:36) | (270) | (342) 
m m spe (128) | (20) | Gan 
200 | 888.1 | 03482 28.72 | (143) | (297) | (310) 
LIN HER RUE TIE | Gen 
Bo |1.009:5 | 2076 |%6 | 157) | (329) | (à 
240 |1:218:5 | 095 [5з | (1:70) | (46) | (22) 
ж Изи | om mz | (190) | 08) | (rm 
ж | 1486 | 033 [816 | (238) | (387 | (1) 
20 |11695 | 20577 73 6:30) (#9) | (32 
Critical (1657, | 0686 |146 | e | 49 | о ЕА ds 5 


Мотя. Тһе figures iu parentheses were calculated from empirical equations given in Bur. Standards 
Sei, Papers 313 and 315 and represent values obtained by extrapolation beyond the rang» covered in the 
experimental work. 
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Table 14. Saturated Ammonia, Temperature Tablet 


Jess | решу [estes Tisi Eni 

otvapor, of vapor, | Liquid, | Vapor, | heats | Liquid, | Vapor, 

cu.ft | Ib. рег | Валь per | ВА. per Btu B.t.u. per 
por lb, | cu. ft. ib Th | per Ib. ih per F. 

Y ГА А H L 8 

5 | 4475 | 00:85 | —2.2 | 595 | 610 T4765 

7.8 | 42:05 | 02378 | —i91 | 5904 | 609. 14713 

0|3956 | 102528 | —170 | 5912 | 608. 1:465 

6.2 | 37.24 | 10265 | —14.8 | 5921 | 606. 14604 

5:3 | 35.09 | 10850 | —127 | 5929 | 665: 1.4551 

4.3 | 33.08 | 20923 | —10.6 | 593.7 | 604 14497 

3:3 | 31:20 | 209205) —85 | 344 | 602 1445 

2.2| 294 | 103395} —64 | 552 [601 143 

11 | 22:82 | 2055951 —43 | 560 | 600, 1.4342 

0:0 | 26,29 | 10384 | — 2.1 | 596.8 | 598. 1:422 

41 | 2 | 2486 | оюп, 0.0 | 597.6 |597 1.4242 

94| #74 | 23:53 | 104251 21 | 5683 | 596, 1.4193 

п | 1 | 22:27 | 1049 | 43 | 591 | 594.8 1:414 

4 | 247 | 2110 | 10479 | 6а | 599 | 555 1/4096 

M| 93:2 | 20:00 | om) 85 | 606 | 592.1 юв 

.90 | *1.6 | 18.97 | 05271 | 107 | 614 | 590.7 1,4001 

п | 00| 18.00 | :055]| 128 | 621 | 509.3 13955 

15.551 os|izo | :0580| 149 | 6028 | 587.9 1.3909 
16:42 | 17| 1624 | :00158| 171 | 603.6 | 565 1.3863 
17:34 | 26| 15.43 | .0479| 192 | 604.3 | 585.1 1.3818 
18,30 | 3,6 | 14.68 | .06813] 214 | 6050 | 583.6 1374 
19:30 | 46| 13.97 | бы | 235 | 657 | 5822 1:3729 
20:34 | 56| 13:29 | :0722| 256 | 6064 | 580.8 1.3686 
21:43] 67 | 1266 | 108%, 278 | 671 | 579.3 1364 
22.56 | 79| 1206 | 108289 | 300 | 607.8 | 577.8 1:360 
2374 | 9.0] 11.50 | „ове | 321 | 6085 | 576.4 1.3558 
24:97 | 103 | 1097 | 209117] 343 | 692 | 5149 13516 
26.26 | 61.87 | .055| 364 | 608 | 573.4 13474 
27:59 | 129 | 9:991) Yr 386 | 605 | 571.9 1.3433 
2598 143] 9.541] 108 | 407 | ви |5704 1/3393 

о | 30.42 | 15.7] 9.416) 1097 | 429 | втв | 5689 1.3352 
2 | 3192 | 112 | 874 | сав | 451 | 624 | 56713 13312 
4 | 33.9 | 168 | 8333] 1200 | 42| 630 | 5658 1328 
$ | 35:00 | 20.4 | 7971 | 1124 | 494 | 636 | 5642 1324 
8 | 36.77 | 221 | 7.629 | Зи 51:6 | 643 | 56217 13195 
10 [38.51 | 25,8 | 7.304) 1369 | 53.8 | em | 561 133157 
12 | 2031 | 256| 699% | з, 560 | 655 |5595 13118 
14 | 4218 | 25| 678 | 1142 | 582 | 6161 | 557.9 1.3081 
16 | 44:12 | 294 | 6.425 56 | 603 | 6166 | 556.3 1308 
18 | 46:13 | 31:4 | 6.161 6з | 62:5 | @72 | 354.7 1.3006 
20 | 48.21 | 33.5] 590 | 2162 | 64.7 | 617.8 | 553.1 1.2969 
22 | 50.36 | 35:7 | 5.671 | 1178 | 669 | 6183 |5514 1,2933 
24 | 52:59 | 379| 548 | 187 | 691 | вво | 549.8 1.2897 
26 | 5490 | 40:2 | 5:22 | поз) 713 | 694 | 5481 1.2861 
28 | 57.28 | 42.6 | 500 | (192 | 23:5 | 69.9 | 54.4 1:2825 
30 | 59.74 | 45.0 | 4.825 | 2208 | 751 | 6205 | 544.8 1.2790 
32 | 62.29 | 47:6) 467 | (2156 | 79 | то | 543.1 1.2755 
34 | 6491 | 502| 4459 | me | 801 | 6215 |514 [ЕД] 
36 | 6763 | 529 | 429 | i332 | 823 | 610 |5397 1.2686 
38 | 70.431 57! 41%! 248 | 846 | 6225 | 537.9 1.2652 


j Dept. of Commerce, U. 8. Bur. Standarda, Cire. 142, 1923. 
“Tn. Н below Т standard atm. (29.92 in.) 
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Table 14. Saturated Ammonia, Temperature Table—(Concluded) 
FS рати Ната Ta Витя 
‘Temp. | Abs» | Gage, [of заро vapor, | Liquid, | Vapor, | Мем, | аца, | Vapor, 
Sp" | 1b. per | 16. per | cu: fts | Tb. рег | вал. per | Btu per | В | tu. per | Bitu. 
P. | вала: | ыш. | ri. | вый. |" 1b,” | per 1b. | per 2P. | Tb. per tF. 
t Tu av 1 H L Н 3 
30 | 23:32 | 586 3971 | 0:588 | 8&8 | &B.0 | 3362) 0.185 | 1 2018 
42|7631| 6r6| 3.83 | 2616 89.0 | 623.4 | 534.4 1930 | 1.2585 
44 | 79:38 | 647 | 362 | 2716 | 92 | 6239 | 5327] 1194 | 1.2552 
4 8255 | 679| 3:87 | 1289 | 93:5 | 644 | 309 | 2208 | 120 
48 | 85.82] 701 | 3:48 | 22926 | 957 | 648 |591 | (2062 | 12% 
so | 9.19 | 74.5 | 3.294 | 306 | 979 | 6252 |573 | .2105 | 1.2453 
52 | 92.66 | 780 | 3:16 | ‘3149 | 100.2 | 687 | $25.5) 20 | 1.2421 
54 | 96:23 | 815] 3:08 | 13265 | 1024 | 626.1 |587| 1292 | 128 
56 | 99/91 | 852 | 2954| 133 | 1047 | 626.5 |528| 122%) 1.2357 
58 1037 | 89.0 | 285 | 23508 | 1069 | 626.9 |5200| 22 | 1.225 
во [107.6 | 92.9 | 2.751 | 2365 | 192 | 623 |581 | з? 120% 
62 ilê | 969 | 266 | 376 | 115 | ez |562| 238 | 1222 
64 1157 | toro | 2:565 | 389 | 13: | 650 |543 2408 | 1.221 
66 0 | 1053 | 2:27 | 24037 | ибо | 6584 | 524 | сми) 1220 
68 [1243 | 109:6 | 2393 | 1479 | паз | 628 | 3105 | (2494 | 1:2170 
зо [вв | има | 2.312] 4325 | mos | 620.4 | 508.6 | .2537 | 1.2140 
72 133.4 | 167 | 2:25 | 4404 | 1228 | 60.4 | 506.6) 259 | 1210 
74 (138.1 | 123.4] 2:16 | 1468 | 151 | 62,8 | 5047] 1262 | 12080 
26 |o | 1253 | 21089 | 2426 | 124 | 601 | 50271 2664 | 1200 
лв [147.9 | 1332 | 2.021 | 1449 | 1292 | 630.4 |507 | (2705 | 1:2020 
во [153.0 | 138.3] 1,95 | 515 | 132.0 | 60.7 | 47 | 2220 | 1, 1991 
a2 [1583 | 143.6] 1892 | 23287 | 1343 | 6310 |467 |  :2791 | 1.1962 
mex | 149-0] tesi] 252 | 1366 | 613 |447| :283 | 1.1993 
ве [169.2 | 154.5 | 1.772 | 1968 | 189 | 615 | 4926)  :285| 1199 
88 1748 | 1507 | 176 | 2368 | 1442 | 6318 | 406 | 1297 | 1.185 
% [180.6 | 165.9 | 1.661 | 6009 | 143.5 | 632.0 | 488,5 | 22958 | 1.1846 
92 [186.6 | 1719] 1:600) ‘64 | 1458 | 612 | 464 |  -300| 1:188 
94 1927 | 178.0) 1159 | 2685 | 1482 | 6325 |443 | За | 1.1789 
% [вз | 1842| 1-50] 1660 | 1505 | 6326 |421 | 308 | 1.1761 
% |205:3 | 190:6 | 1145 | 1652 | 152,9 | 6329 | 4800] 315 | 11733 
100 (211.9. | 197.2 | 1.419] „лова | 1552 | 633.0 | 47.8 | 3166 | 1.1205 
102 [218.6 | 203:9 | 1375 | 1720 | 176 | 63:2 | 456 | 347, 1.1677 
104 [25.4 | 210:7 | 1334 | 1748 | 199.9 | 63.4 |435 | 3248] 1.1649 
1% 325 | 2178 | 128 | 732 | 163 | 6355 |412| ‘39| 1л 
108 [39.7 | 225.0 | 1.254 | 17972 | 166 | 633.6 | 400 | (3330 | 11593 
по [247.0 | 232.3 | 1.217 | сво | 167.0 | 6337 | 467 | 332 | 1.156 
i2 (254.5 | 239:8 | 1.180 | ал | 169.4 | 638 |444 3413) 1.1528 
1M [262.2 | 247.5 | 1.145 | 80 | 171.8 | 639 |421 | 2342 | 1150 
116 0.1 | 255.4 | 112] ‘896 | 1942 | 640 |498 | 1345 | 1.1483, 
тив (278,2 | 263.5 | 1.079] 9% | 176.6 | 634.0 | 457.4 | :35 | 1.1455 
120 [286.4 | 271,7 | 1.047 | 959 | 179.0 | exo fasso] 23576 | 1147 
122 294.8 280,1 | 1:07 | 1987 | 181.4 | 640 |426 | 38| 1.1400 
124 303,4 | 288.7 | 0,987 | 1.0132 | 1839 | 6340 |401 | 1369 11372 
125 3078 [2981 | 0:973 | 1028 | 185,1 | 6340 1 44891 136791 | 1358 
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Table 15.. Saturated, Ammonia, Absolute Pressure Table* 


] T 
| Heat content Entropy 
Pressure Volume | Density latest 
Temp, fof vapor of vapor: heat, Evapora 
Д per | Liquid, | Vapor, | B.tu. | Liquid, | роте | Vapor, 
SLT. | Botu. | Bea | perl. | Butu per | p 8% | Bitu per 
per Ib. | per Ib. ib. per ТЕ. | ib per | 1b. per Е. 
> i мк E ИХ E шт 8 
5,0 |—63.11 | 49.31 7| 0.02029] —24.5 | 588,3 | 612.8 | —0.0599 | 1,5456 
75 |-3070 | 33.77 | 1096] —113 | 3034 | 604,7 | = 0279] 11490 
10.0 (41.34 | 25:81 | 1084] — 1.4 | 597.1 | 598.5 | = -0034 | 13330 
125 |—35.74 | 20:96. 67 | 600.0 | 593.3 | 10157 | 1.3033 
15:0 |-27.29 | 17,67 13:6 | 602.4 | 588.8 | 018] 1.3620 
17.5 |-21.66 | 15.30 19.6 | 604.4 | 5848 | 1.0456 | 1.3054 
20.0 |=16.64 | 13:50 25.0 | 6.2 | 581.2| 1058 | 13122 
255-12 | 12:09 29.8 | 607.7 | 577:9 | 10587 | 1.2915 
250 |= 7.96 | 10:96 343 | 609.1 | 574.8 | :0787 | 12778 
275 |= #13 | 10:02 38.4 | 610.4 | 572.0 | 10878 | 1.2558 
w |-os| 92% 423 | 611.6] 569.3 | 08 | 1.2402 
5 | 5| 7% 93| 613.6 | 53| ИЗ) 12125 
4 | п 707 55.6 | 654 | 598| 1246 | 111879 
% | 68| 6.307 61:3 | 616.9 | 555.6 | 186 | 1161 
50 | 216 | 570 66:5 | 618.2 | 551.7 | 1195 | 1,1464 
5 | 26.09| 5.218 71.4 | 619.4 | 548.0 1.1283 
@ | 30:21 | 485 75.9 | 620.5 | 544.6 го 
$$ | 34:06 | 4.453 80:2 | 621.5 | 513 1.0966 
70 | 37.7 | 4151 84.2 | 622.4 | 538.2 1.0823 
5 | из | 3.887 88.0 | 623.2 | 5352 1:0689 
вю | 440 | 365 91.7 | 624.0 | 5323 1.0563 
85 | 47:50 | 3.499 95.1 | €«7| 529.6 1.0443 
90 | 50.47 | 326 98.4 | 625.3 | 526.9 1.0330 
5 | 53:32 | 3.101 101.6 | 625.9 | 524.3 1.0222 
100 | 56:05 | 2:952 1047 | 626.5 | 52:8 1:019 
по | 6.21 | 2.63 10.5 | 627.5 | 517.0 0,9927 
10 | 60| 2.476 16.0 | 62874 | 512.4 0,9749 
130 | 20:53 | 2.291 120.1 | 6292 | 508.1 0.9584 
10 | 247 | 2:132 126.0 | 629.9 | 503.9 0.9430 
150 | 28:81 | 1.994 130.6 | 630.5 | 49:9 0.9285 
wo | 5.6 | 1872 15,0 | 631.1 | 496.1 0.9148 
170 | 8&2 | 1.764 139.3 | 631.6 | 423 0:9019 
i80 | 89.78 | 167 143.3 | 632.0 | 487 0.8896 
10 | 93,13 | 1581 147.2 | 632.4 | 452 0:8778 
ж | 9634 | 11502 150.9 | 632.7 | 48.8 0.8666 
25 | 108.87 | 13% 159.7 | 633.3 | 473.6 9,845 | 1.1651 
250 | пом | 1202 168:0 | 633.8 | 458 0.8167 | 1.1555 
25 | 1722 | Von 175.6 | 634.0 | 454 0747 | 1.1466 
ж | 123,21 | 0,999 18259 | 634:0 | 451.1 0.41 | 11883 


* Dept. of Commerce, U. S. Bur. Standards, Circ. 142, 1923. 
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Table 16. Properties of Superheated Ammonia Vapor* 


(V = volume in си. ft. per Ib; H = heat content in Вал. per ]b.; 5 = entropy in 
B.t.u. per Ib, per °F.) 


Absolute presure in b. per ва. їп. (Saturation temperature їп nala) 


Temp, 5 7 

Зе 03.1" E 

IH | 8 ИЕ a 
a 385.3 | 1-487 36.01 | 39.3 | T4871 
—50 595.2 | 1.5025 36.29 | 594.0 | 1.4611 
=40 600.3 | 1.5149 37.25 | 599.3 | 1.4739 
-30 605,4 | 1.5269 38.19 | 604.5 | 1.4861 
-20 610.4 | 1.5385 39.13 | 609.6| 1.4979 
10 615,4 | 1.5498 40.07 | 614.7 | 1.5094 
0 620.4 | 1.5608 41.00 | 619,8 | 1.5206 
10 625.4 | 1.5716 41.93 | 624.9 | 1,5314 
20 630.4 | 1.5820 42,85 | 629.9 | 1.5421 
30 635.4 | 1305 43:77 | 650] 1:555 
40 640.4 | 1.6026 44.69 | 640.0 | 1,5627 
50 645.5 | 1.6125 45.61 | 645.0 | 1.5727 
60 650.5 | 1.6223 46.53 | 650.1 1.5825 
70 1655.5 | 1.6319 47,44 | 655,2] 1.5921 
80 660.6 | 1.683 48:36 | 602] 1:606 
90 665.6 | 1.6506 49.27 | 665.3 | 1.6110 
100 670.7 | 1.6598 50.18 | 670.4 | 1.6202 
по 615,8 | 1.6689 51.09 | 675,5 | 1.6292 
120 680.9 | 1.6778 52.00 | 680.7 | 1.6382 
130 686.1 | 1:685 52.91 | 685.8 | 1:60 
140 691.2 | 1.6952 53.82 | 691,0 | 1.6557 
150 696.4 | 1.7008 54.73 | 696.2 | 1.6643 
160 701.6 | 17122 55.63 | 701.4] 1.6727 
170 706,8 | 1.7206 56.54 | 706.6 | 1.6811 
180. 712.1 1.7289 57.45 | 711.9 | 1.6894. 
в 10 

E E 

3770 391.3 | 1405 LEXIS ИГ T3488 
32.52 | 598.8 | 1.4573 

33.36 | 604.1 1.4697. 26.58| 603.2 | 1.4420 
34.19 | 609.3 | 1.4816 27.26 | 608.5 | 1.4542 
35.01 | 614.4 | 1.4032 27.92 | 613.7 | 1.4659 
35.83 | 619.5 | 1.5044 28.58 | 618.9 | 1,4773 
36.64 | 624.6 | 1.5154 29.24 | 624.0 | 1.4884 
37.45 | 629.7 | 1.5261 29.90 | 629.1 1.4992 
38.26 | 634.7 | 1.5365 30.55 | 634,2 | 1.5007 
39.07 | 639.8 | 1.5467 31.20 | 639,3 | 1.5200 
39.88 | 644.8 | 1.5568 31.85 | 644.4 | 1.5301 
40.68 | 649.9 | 1.5666 32.49 | 649,5 | 1.5400 
41.48 | 655.0 | 1.5763 33.14 | 654.6 | 1.5497 
42.28 | 660.1 1.5858 33.78 | 659.7 | 1.5593 
43.08 | 665.2 | 1.5952 34.42 | 664.8 | 1.5687 
43,88 | 670,3 | 1.6044 35.07 | 670.0 | 1.5779 
44.68 | 675.4 | 1.6135 35.71 | 675.1 | 1.5870 
45.48 | 680.5 | 1.6224 36.35 | 680.3 | 1.5960 
46.27 | 685.7 | 1.6312 36.99 | 685.4 | 1.6049 
47.07 | 690.9 | 1.6399 37.62 | 690.6 | 1.6136 
47.87 | 696.1 1.6485 38.26 | 695.8 | 1.6222 
48.66 | 701.3 | 1.6570 38.90 | 701.1 1.6307 
49.46 | 706.5 | 1.6654 39.54 | 706.3 | 1.6391 
50.25 | 711.8 | 1.6737 40.17 | 711.6 | 1.6474 
63 40.81 | 716.9 | 1.6556 
41.45 | 722.2 | 1.6637 


* Dept, of Commerce, U. S, Bur. Standarda, Circ. 142, 1923. 
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Table 16. 


У = volume in cu. ft. per Ib.; 
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Properties of Superheated Ammonia Vapor— (Continued) 


= heat content in B.t.u. per lb. 
per Ib. per “F. 


5 = entropy in itu. 


‘Absolute pressure in Tb. per sa. in. (Saturation temperature in ате 
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Table 16. Properties of Superheated Ammonia Vapor—(Continued) 


V = volume in cu, ft, per lb.; Н = heat content in B.t.u. per Ib.; S = entropy in B.t.u. 
per Ib. per "Е. 


Absolute pressure in Ib. per sq-in. (Saturation temperature in italics] 


Temp, 24 3 28 
ту EX EX EN А 
ҮТ | A ити ЕЯ Y 1 Hi 8 
Wa. | 1188 | 008:6 | 1.9548 | 10.50 | 809.7 | 1.3488 | 985 | 610.7 | 1.3481 
о | 1167 |641 | 13670 | 10.74 | 61.4 | 1.3568 | 9942 | 6127] 1.3465 
10. | 16 | 6197) E3791 | WoL | 619:1 | 13686 | 10:20 | 684 | 1:3589 
20 | 12:25 | 625:2 | 1.3907 | 1:28 | 6267 | 1384 |045 | 624.1 | 1.3708 
30 | 1254 | 6307 | 1409 | 11:55 | 602 | 13917 | 10.70 | 629,6) 13822 
do | 12:82 | GT | т.4028 | пы | 635:6 | 1.24027 | 10:95 | 6351) 1305 
so | | епа, 1484 | 1208 | ето L414 | 11.19 | 605 140 
@ | 13:39 | 567 1397 |1234 | 643| 1428 | 14 | 663 145 
70 | 13:66 | 6520 | 14438 | 1259 | 615 1489 | 168 | 6512| пай, 
во [1394 | 6273 | 1.4597 | 12:85 | 6369 | 1:409 | 1:92 | 666 | 1.4347 
% | 14.22 @6 | 1,4634 | 1311 | 662.2 | 145% | 1215 | 661.9] 1445 
100 | 14.49 | 667.8 1479 | 13.36 | 6675 | 1.4631 | 12:39 | 667.2] 1.4540 
по | 1476 | 673.1 | 14822 | 1361 | 6728| 1475 | 1263 | 6725 | 1.464 
120 | 15:04 | 684 14914 | 13:87 | 6781) 1.4817 | 12:86 | 6778 | 1.4726 
во | 15.31 | 683.6) 15004 | 1412 | 634) 1.4907 | 13.10 | 6651 | 1.4817 
10 | 15:58 | 6889 | 1/503 | 1437 | 6857 | 1.4996 | 13:33 | 688.4] 1/4906 
150 | 15.85 | 699.2) 1.5180 | 14.62 | 640 | 1 13.56 | 637 | 1.4994 
160 | 16.12 | 6995 | 1326 | 1487 | 693 | 1.570 | 13:80 | 691 | 1:5081 
izo | 16.39 | 2068 | 1.5352 | 1512 | 7046 | 152% | 1403 | 704.4) 1567 
180 | 16:6 | 7102 | 115436 | 1537 | 710.0| 1530 | 14:26 | 7098 1:5251 
190 | 16:93 | 7155 | 1:5518 | 15:62 | 715.3 | 1:5423 | 1449 | 76,1 | 1:5334 
20 | 17.20 | 709 | 1.5600 | 15.86 | 7207 | 1.5505 | 14,72 | 7205 | 1586 
20 | 173 | 207 | 13261 | 16:36 | 7315 | 15666 | 15.18 | 2313 | 1558 
2 | 18:27 | 7426| 1599 | 16:85 | 7424| 1:5824 | 15.4 | 27422 | 15% 
260 вні 17.35 | 7533 | 15978 | 16:10 | 7532] 1.5890 
30 32 p] 
EX ENTE 4.00 
Sa TET T 877.8 | ТЗ | 8.988 | 515.4 | 13310 | SAIL | BIT ТЛ? 
o | 920 én9| 13371 | | 
wo | 9:92 | 678 | 1387 | 8874| 671 | 1.341 | 8328 | 616.4 | 1.3328 
20 | 979 | 623.5 | 1368 | 909 | 6229) 13532 | 8.542 | 6223 | 1.9452 
30 | 9:96 | 691 | 153733 | 9321 | 6285 | 1369 | 8753 | 6280) 1350 
40 |1020 | 6346 | 138% | 9540 | 634.1 | 1.3762 | 5,90 | 6336) 1.3684 
so |1043 | 640.1) 1.3953 | 9,757 | 639.6 | 1.3871 | 9.166 | 639.2) 1379 
$0 | 10:65 | 64,5 | 1.4059 | 9:972) 645.1 | 13977 | 9.39 | 644.7 | 1.3900 
70 | 10:88 | 6509 1.4161 | 10:18 | 605 1.4080 | 9:570 | 601 1.4004 
в [11.10 | 656,2) 14261 | 10:40 | 655.9 | Гав | 9.770 | 65.5 | 1.4105 
% | 1133 | 660.6 | 1.4359 | 10.61 | 661.2) 1.4280 | 9.909 | 6609 | 1.4204 
10 | 11.55 | 6669 | 1.4456 | 10.81 | 666.6) 1.4376 | 10.17 | 666.3] 1.4301 
по | 177 | 622| 14550 | 11.02 | 6719 | 1470 | 1036 | 6716 | 14% 
120 | 1199 | 6775) 1.4642 | 1:23 | 677.3 | 14563 | 10.56 | e770| 1.4409 
о | 12:21 | 629 | 14733 | 1148 | 6826 | 1.4655 | 1075 | 6823 | 1:4581 
140 | 1243 | 685,2| 1.4823 | 1:64 | 6879 | 1.4744 | 10:95 | 6877 | 147 
150 | 12.65 | 693.5 | tao | 1.85 | 693.3} 1.4833 |1114 | 630 | 1.4759 
160. | 12:87 | 698.8 | 1.498 | 1205 | 686 | 1.4920 | 1133 | 6084 1.446 
170 | 13.08 | 7062 | 1з | 12.26 | 7040| 1:5006 |1153 | 7058 1.4932 
180 | 13:30 | 796) 1.5168 | 12:36 | 709.4) 1.5090 | 1172 | 7092] 1307 
190 | 13:52 | 714:9 | 1:5251 | 12:66 | 7147| 1,5174 | №91 | 745 | 1.5101 
20 | 13.73 | 723.3 | 1.5334 | 12.86 | 701) 152% | 1210 | 7200) 1518 
220 | 1:16 | ii| 1385 |1327 | DI.0| 1388 | 1248 | 7308) 153% 
24) | 1459 | 7420| 1563 |1367 | 719) 1:5576 | 1286 | 717 1350 
260 |1502 | 753.0) 15808 | 14:08 | 7329 | 13731 | 13.24 | 2527 | 1:5659 
280 | 14:48 | 7639 | 15883 | 13162 | 7638 | 158! 


У = volume in eu. ft. per Ib.; Н 
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Properties of Superheated Ammonia Vapor— (Continued) 
volume in eu. ft, рег Ib.; H = heat content in B.t.u. per 1b.; S = entropy in B. 


a. 


Absolute pressure in Ib. per ва. in. 


(Saturation temperature in Таа). 


56 70 
26.9 87.70". 
Fig 8 8 Pon 8 
Wü. | 5.88 | 818.7 | TEU | 4.85 | 8855 | 1809 | 4.18 | BEF] 1.9068 
30 5.172 | 621.6 | 1.2884 
50 | 5310| 679 13001 | 433 | 626.8 | 1.2013 | 4.177 | 623.9 | 1.2688 
50 5.444 | 6339 | 1.3131 5.060 | 632.9 | 1.3035 4.290 | 630.4 | 1,2816 
60 5.576 | 6399 | 1.3246. 5.184 | 639.0 | 1.3152 4.401 | 636.6 | 12937 
70 5.706 | 645.7 | 1.3357 5.307 | 644.9 | 1.3265 4.509 | 642.7 | 1.3054 
80 5.834 | 651,4 | 1.3465 5,428 | 650.7 | 13373 4.615 | 68.7 | 1.3160 
90 5.960 | 657.1 1.3569 5.547 | 656.4) 1.3479 4.719 | 654.6 | 1.3274 
10 | 6.085 | 6627 | 1.3670 | 5.665 | 6621 | 1.3581 | 4.822 | 660.4 | 1.3378 
Mo 6.209 | 668.3 | 1.3769 5.781 | 667.7 | 1.3681 4.924 | 666.1 | 1,3480 
120 6.333 | 673.9 | 1.3866 5,897 | 673.3 | 1.3778 5.025 | 671.8 | 1.3579 
130 6.455 | 679,4 | 1.3961 6.012 | 678.9 | 1.3873 5.125 | 677.5 | 1,3676. 
140 6.576 | 684.9 1.4053 6.126 | 684.4 | 1,3966 5.224 | 683.1 1.3770 
150 6.697 | 690.4 | 1.4144 6.239 | 689.9 | 1.4058 5.323 | 688.7 | 1.3863 
160 6.817 | 695.9 | 1.4234: 6.352 | 095.5 | 1.4148. 5.420 | 694.3 | 1.3954 
170 6.937 | 701.4 | 1.4322 6.464 | 701.0 | 1.4236. 5.518 | 69.9 | 1.4043 
180 | 7.056 | 2069 | 108 | 6576 | 206.5 | 114323 | 5:615 | 7055 | 143! 
190 7.175 | 712.4 | 1.4494 6.687 | 712.0 | 1.4409 571 | 71.0 | 1.4217 
20 | 7,204 | 717.9 | 1.4578 | 6.798 | 7175 | 1.4493 | 5.807 | 716.6 | 1.4302 
210 7.412 | 723.4) 1.4661 6.909 | 723.1 | 1.4576 5.902 | 722.2) 14386 
220 7.529 1. 7.019 | 728.6 | 1.4658 5.998 | 727.7 | 1.4469 
230 i 6.093 | 733.3 | 1.4550 
240 7.764 7.238 | 759.7 | 1.4819 6.187 | 738.9 | 1.4631 
260 7.998 7.457 | 750.9 | 1.4976 6.376 | 750.1 1.4789 
280 8.230 7.675 | 7621 1.5130 6.563 | 761.4 | 1498 
300 8.462. 7.892 | 77331 1.5281 6.750 | 772.7 | 1.5095. 
90 100 
50.47" 56.05° 
Bat. 3.055 | 684.0 | 1.8545 3.388 35.3 | 13455 X3 | 080.0 | 1.5900 
50 3712| 627.7 | 12619 
@ | 382| 6343| 126 | 3,353 | 631,8) 1.2571 | 2.985 | 629.3 | 1.2400 
70 3.909 | 640.6 | 1.2866 3.442 | 6383 | 1.2695 3.068 | 636.0 | 1.2539 
80 4.005 | 646.7 | 1,2981 3.529 | 644.7 | 1.2814 3.149 | 642.6 | 1.2661 
90 4.098 | 052,8 | 1,3092 3.614 | 650.9 | 1.2928 3.227 | 640.0 | 1.2778 
100 4.190 | 658.7 | 1.3199 3.698 | 657.0 | 1.3038 3.304 | 655.2 | 1.2891 
по | 4281) 656 | 13303 | 370 | 6650 1.3144 | 3380 | 6615) 1:200 
120 4.371 | 670.4 | 1.3404 3 862 | 668.9 | 1.3247 3.454 | 667.3 | 1.3104 
130 4.460 | 676.1 | 13502 3.942 | 674.7 | 1.3347 3.527 | 673.3 | 1,3206 
140 4.548 | 681.8 | 1,3598 4.021 | 680.5 | 1.3444 3.600 | 6792 | 1.3305 
150 4.635 | 6875 | 1.3692 4.100 | 6863| 1.3539 3.672 | 6850| 1.3401 
160 4.722 | 6932 | 13784 4.178 | 692.0 | 1.3633 3.743 | 6008) 1,2405 
170 4.808 | 698,8 | 1.3874 4.255 | 697.7 | 1.3224 3.813 | 6%6| 1.3588 
180 4,893 | 704.4 | 1,3963 4.332 | 703.4 | 1.3813 3.883 | 7023) 1.3678 
190 4978 | 7100 | 1.4050 4.408 | 7090 | 1.3901 3.952 | 7080 | 1.3767 
200 5.063 | 715.6 | 1.4136 4.484 | 714.7 | 1.3088 4.021 | 713.7 | 13854 
210 5.147 | 721.3 | 1.4220 4560 | 7204) 1.4073 4.090 | 7194 | 1.3940 
zm | 521 | 7269 | 1.4304 | 4.635 | 2260 | 14157 | 4.158 | 725.1| 14024 
n 5.315 | 7325| 1.4386 4710 | 7317 | 1.4239 4.226 | 730.8 | 1.4108 
240 5.398 | 7381 | 1.4467 4.785 | 737.3 | 1.4321 4.294 | 736.5 | 0 
250 5,482 | 7498 | 14547 4,859 | 743.0 | 1.4401 4.361 | 742.2 | 1.4271 
260 5.565 | 7494 | 1.4626 4.933 | 7487 | 1.4481 4.428 | 747.9 | 1.4350 
280 5.730 | 760,7 | 1.4781 5.081 | 760.0 | 1.4637 4.562 | 759.4 | 1.4507 
300 5.894 | 7721 | 1.4933 5.228 | 7715 | 1.4789 4695 | 770.8 | | 460 
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Properties of Superheated Ammonia Vapor— (Continued) 


У = volume ín cu. ft. per 1.; H = heat content in B.t.u. рег lb.; 8 = entropy in Вел. 
per Ib. per "Е. 


ваше pressure Та b. per sq.m, (Saturation temperature In Tallon) 


120 130 
68.08 30.55 
Ej H | 8 Y 
2875 98$ | INI | 2.200 
2392 631.3 | 1.2255 
2519 63813 | 1.2386 | 2.355 | 636.0] 1.2260 
2640 65:0 | 1.2510 | 2.421 | 643.0 | 1,2988 
27 651.6 | 1.2628 | 2.484 649.7 | 1.2509 
12866 658.0 | 1271 | 2:546) 6563 | 1.2025 
292 6642 | 1.2850 | 26%) 627) 127% 
3076 610.4 | 1.2956 | 2.665 | 688.9 | 1.2843 
3176 | 2.967 | 6765 | 13058 | 2724 | 675.1 | 1.2947 
3.029 | 682.5 | 1.3157 | 2.781 | 681.2) 1.3048 
3.089 | 688.4 | 13254 | 2.838 6872) 11346 
5.49 | 694.3 | 1338 | 2894 | 63:2 | 1324 
3.209 | 700.2 | 1341 | 298 | 991 | 1335 
3.268 | 706.0 | 1.3531 | 3:004 | 205.0) 1.3426 
3.326 | 711.8 3.059 | 710.9 | 1.3516 
3385 | 717.6 313 | 716.7 | 1.3604 
342 | 734 31167 | 722:5 | 1300 
3.0 | 792 3:220 | 728.3 | 1375 
3:557 | 7349 3:213 | 241 | 1.3858 
3.614 | 740.7 3.326 | 79.9 | 1.3941 
3.1671 | 7465 3.379 | 7457 
378 722 3.431 | 205 
3.783 | 758.0 757.3 
3.899 | 763.8 | 763.1 
3.895 | 769.6 769.0 
| 780 | 
150 100 
78.81" 82.0)" 
TTF 830.5 Т.Т 
1.16 2140 631.4 | 
228 zn 638.8 1.914 | 636.6 
2.288 B% 645.9 1.969 | 64.9 | 1.2 
2347 255 652.8 208 | 6510) 122311 
24 2628 659.4 2.075 | 657.8 | 1:220 
2.460 2738 665.9 2125 | 664.4 | 1.2542 
1.515 2843 672.3 2.175 | 670.9 | 12632 
2.569 2945 678.6 2.224 | 677.2 | 1.2757 
2.622 | 686.0 | 1.3045 684.8 2172 | 683.5 | 1.2859 
2.675 | 602.0 | 1.3141 609 2.319 | 689.7 | 129% 
277 | 698.0 | 13% $069 2365| 695.8 | 1.3054 
219 | 704-0 | 13328 7029 230 | 7019 | 13 
2.830 | 709.9 | 1.3418 708.9 2.457 | 707.9 
2880 | 715.8 | 113507 714.8 713.9 
2.931 | 721.6 | 1:3594 720.7 719.9 
2.981 | 727.5 | 1.3679 726.6 225.8 
31030 | 733.3) 1/3763 732.5 731,7 
3.080 | 739.2 | 1.3846 738.4 737.6 
3.129 | 745.0 | 13928 743 743.5 
3.179 | 750.8 | 1.4008 750.1 тоа 
3.27 | 5567 | 1.4088 7%.0 755.3 
3:25 | 762.5 | 1.416 761.8 761.2 
3323 | 768,3 | 1.4243 767.7 767.1 
340, 7800 | 1.495 794 778.9 
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Table 16. Properties of Superheated Ammonia Vapor— (Continued) 


У = volume in cu. ft. per lb.; Н = heat content in B.t.u. per Ib.; S = entropy in В.м. 
per Ib. per “Е. 


‘Absolute pressure in ТБ. per sq. ш. (Saturation temperature in italics.) 
Temp., 170 180 190 — 
Ead БАДИ 7.4 ore! 93.15" 
Ari FUITE. 8 уж ЕЈ ДИ | 5 
Эш. | TOF] 681.8 | TIO | 1687 | 88.0] 1.1850 йр LIE 
90 1.784 | 634.4 | 1.1952 1,668 | 632.2 | 1.1853 
100 1,837 | 641.9 | 1.2087 1.720 | 639.9 | 1.1992 1.615 | 6378 | 1 1899 
no 1,889 | 649.1 1.2215 1.770 | 647.3 | 1.2123 1,663 | 645.4 | 1.2034 
120 1.999 | 656.1 1.2336 1.818 | 654,4 | 1.2247 1.710 | 652.6 | 1.2160 
130 1.988 | 662.8 | 1.2452 1.865 | 661 3 | 1.2364 1,755 | 659.7 | 1.2281 
140 2.035 | 669.4 | 1.2563 1.910 | 668.0 | 1.2477 1,799 | 666,5 | 1.2396 
150 2.081 | 675.9) 1 1.955 | 674.6 | 1.2586 1,842 | 673.2 | 1.2506 
160 2.127 | 682.3 | 1.2773 1.999 | 681.0 | 1.2691 1.884 | 679.7 | 1.2612 
170 2.172 | 688.5 | 1.2873 2.042 | 687.3 | 1.2792 1,925 | 686.1 | 1.2715 
180 2.216 | 694.7 | 1. 2971 2.084 | 693.6 | 1.2891 1.966 | 692.5 | 1.2815 
190 2.260 | 700.8 | 1.3066 2.126 | 699.8 | 1.2987 2.005 | 698.7 | 1.2912 
200 2.303 | 706.9 | 1.3159 2.167 | 705.9 | 1.3081 2.045 | 704.9 | 1.3007 
210 2.3% | 713.0 | 1.3240 2.208 | 712.0) 1.3172 2.084 | 711.1 1.3099. 
220 2.389 | 719.0 | 1.3338 2.248 | 718.1 1.3262 2.123 | 717.2) 1.3189 
zw 2.431 | 724.9 | 1.3426 2.288 | 724.1 1.3350 2.161 | 723.2 | 1.3278 
20 2.473 | 7309 | 1.3512 2328 | 730.1 1.3436 219 | 729.3 | 1,3365 
250 2.514 | 736.8 | 1.3596 2.367 | 736.1 | 1.3521 2,236 | 735.3 | 1.3450 
260 2.555 | 742.8 | 1.3679 2.407 | 7420 | 1.3605 2.274 | 741.3 | 1.3534 
210 2,596 | 748,7 | 1.3761 2.446 | 748.0 | 1.3687 2.311 | 747.3 | 1.3617 
280 2.637 | 754 6 | 1.3841 2.484 | 753.9 | 1.3768 2.348 | 753.2 | 1.3696 
290 2.678 | 7605 | 1.3921 2.523 | 759.9 | 1.3847 2.384 | 759.2 | 1.3778 
300 2.718 | 766.4 | 1.3999 2.561 | 765.8 | 1.3926 2.421 | 765.2 | 1.3857 
320 2.798 | 7783 | 1.4153 2.637 | 777.7 | 1.4081 2.493 | 777.4 | 14017 
340 2.878 | 7901 1 4303 2.713 | 7896 | 1.4231 2.565 | 7890 | 1.4163. 
200 220 
96 85° 108. 42" 
Зар. | 1908 | 687] 11758 | 1.907) 638.2) 1.1071 
но | 1.567 | ema] 1.1947 | 1400 | 639.4] 1.1781 
120 1.612 | 650.9 | 1.2077 1.483 | 647.3 | 1.197 
150 | 11656 | 681 | 12200 | VAS | 6348| 1:206 
140 1.698 | 665,0 | 1.2317 1.525 | 662,0 | 1.2167 
150 1,740 | 671.8 | 1.2429 1,564 | 669.0 | 1.2281 
160 1.780 | 678.4 | 1.2537 1.601 | 675.8 | 1.2394 
170 1.820 | 684.9 | 1.2641 1.638 | 682.5 | 1.2501 
180 | 185 | 691.3] 12742 | 1:65 | 689.1 | 1.2604 
190 1.897 | 697.7 | 1.2840 1.710 | 695.5 | 1.2704 
200 1.935 | 703.9 | 1.2935 1.745 | 701.9 | 1.2801 
210 | 1972 | 7101) (309 | 1780 | 2082) 12896 
220 2.009 | 716.3 | 1,3120 1.814 | 714.4 | 1.2989 
230 | 20%6 | 7224| 1.3209 | 1848| 7206 13079 
20 2.082 | 728.4 | 1,3206 1,881 | 726,8 | 1.3168 
250 | 2118 | 734.5 | 1,3382 | 1.914] 7329 | 1.3255 
200 | 215 | 705 | 13% | 197 | 7590) 13340 
270 2.189 | 746.5 | 1.3550 1,980 | 745.1 | 1.3424 
280 | 2.225 | 7525 | 1.3631 | 2.012) 751.1) 13507 
290 2.260 | 758,5 | 1372 2.044 | 757.2 | 1.3588 
300 | 22295 | 765| 131 | 2.076 | 7632) 13668 
320 2.364 | 776.5 | 1.3947 2.140 | 775.3 | 1.3825 
340 2,432 | 788.5 | 1.4099 2.203 | 787.4 | 1.3978 
360 2.500 | 800.5 | 1,4247 2.265 | 799.5 | 1.4127 
380 2.568! 8125! 1.4392 232 | 811.6 1 1 4273 
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Table 16. Properties of Superheated Ammonia Vapor—(Concluded) 
У = volume.in cu. ft, per Ib; Я = heat content in B.t.u. per lb.; S = entropy in B.t.u. 
per Ib. per °F, 

БЫТИЕ presure Та [b. per sa. is. (saturation temperature їп Wallen) 
— 26 300 
72 188.1" = 
H 5 

Sat, T 1.078 0,898 | 8550 | 1.1888 
120 1.1612 | nons 
130 1177 | 5 1,023 | 640.1 | 1.187 
140 11889 | 1:151 1058 | 648.7] 1.1632 
150 1.2014 | 1.184 1,001 | 656.9 | 11767 
160 rz» | ca 1.123 | 6667 | 1.1894 
170 5| 1226 | 128 17153 | 6722 | 1204 
180 i| nns | 129 1188 | 6795 | 1.2129 
190 во | 1268 | 1309 1211 | 6865 | 1289 
200 697.7 | 1.2560 | 1.339 1.239 | 693.5 1.2344 
20 743 | 12658 | 1367 1267 | 7003 | 1247 
220 707 | 1.754 | 1396 1294 | 7069 | 125% 
230 712.1 | 1.2847 | 1.424 1.320 | 713.5 | 1.2642 
2% 734 | 12038 | 1451 11346 | 720.0 | 112736 
250 79.7 | 1.3027 | 1.478 1.372 | 726.5 | 1.2827 
260 736.0) ràns | 1% 1397 | 732.9 | 1297 
0 2422 | 13200 | 1532 1.422 | 739.2 | 1300 
280 748.4 | 13285 | 1558 1:47 | 745.5 | 1.3080 
290 745| 113367 | 158 11472 | 751-8) 13175 
300 760.7 | 1.349 | 1.610 1.496 | 7581] 1.3257 
320 7729 | 1.3608 | 1.661 154 | 770.5 | 1.3419 
340 785.2 | 1373 | 1712 1:592 | 7829 | 113570 
360 797.4 | 13914 | 1262 17699 | 795.3 | 1379 
380 809.6 | 14062 | 181 1,686 | 807.7 | 13878 
400 8219| 1.4206 | 1.861 1.732 | 820.1 | 1.4024 
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2570 REFRIGERATION 
Table 20, Methyl Chloride (CHsCI), Saturated Vapor} 
] т Т 

{ is lL Dae Heat content from || Entropy from 
| А a 
Liquid, | Vapor, Liquid, | Latent, Vapor, | Wiid, | Vapor, 
Mar) тш: а ore gi ren pee E Вр 
per lb. | per Ib. | ou. fe, | cu ft. | per Ib. | per Tb. | per Ib. | 
t Р pa лу. | te UL ULT м A № ar ы 
—40 | 6.888] 1.92» (0.01523/12,72 | 64.39 0.07861 0.000] 190.60 190.60 0.0000) 0.4544 
—30 | 9.036) 11.52* | „01568 9.873 | 63.78 0.1013) 3.562 188.52 192.08) .0084| 4472 
=20 |17! | 6:090" 201583, 7.761 | 63.17 [0.1289 | 7.146) 186.34, 193.49] 10166 4405 
—10 | 14.96 | 0.266 | .01598) 6.176 | 62.58 0.1619 | 10.75 | 184.11) 194,87) 0247} .4343 
0 | 18.90 | 4.201 | .01613) 4.969 | 62.00 0.2013 | 14.39 | 181.85 196,23] „032 .4284 
5 | 21.15 | 6.455 | .01622 4.471 | 61.65 [0.2237 | 16.21 | 180.70 196.92) 0367) .4257 
10 | 23.60 | 8.903 | .01631 4.038 | 61.31 0. 2477 | 18.04 | 179.53 197.58) 0406) .4229 
20 | 29.16 | 14.46 101647) 3.312 | 60.72 |0.3019 | 21.73 | 177.11) 198.84 „0484 .4177 
30 | 35.68 | 20.98 | {01655 2.739 | 60.06 0.3650 | 25:44 | 174.59 200.03) ОИ) -4126 
40 | 43,25 | 28.56 .01684| 2.286 | 59.38 |0. 4375 | 29.17 | 172.00) 201.17| .0636| .4079 
50 | 51.99 | 37.29 | .01704| 1.920 | 58.69 0.5208 | 32.93 | 169.35| 202.28| 10710] .4034 
60 | 62.00 | 47.30 01724) 1.624 | 58.00 |0.6158 | 36.71 | 166.62| 203.33| .0784| .3991 
70 | 73:41 | 58:71 | 101744) 1.382 | 57.34 (0.7234 | 40,52 | 163.82, 204.34| 10856 30% 
80 | 86.26 | 71.56. 101764] 1.183 | 56.69 |0.8451 | 44.36 | 160.91 205. 27] .0928| 3910 
Bó | 94.70 | 80.00 01778} 1.081 | 56.24 (0.9253 | 46.67 | 159.13) 205.80| .0970| .3887 
90 100.6 | 85.95 | 01786] 101 | $5.99 |o.9819 | 48.21 | 157.92 206.13| 10908 3872 
100 16.7 |1020 101808) 0.8814) 55.31 |1.135 | 52.09 | 154.85 206.94| .1069| 38% 
110 |134.5 19.8 (01833) 0.7672) 54.55 |1.303 | 56.00 | 151.70) 207 70] .1138| .3801 
120 |154.2 |139.5 101859] 0.6710) 53.79 |1.490 | 59.93 | 148. 46 208.39| .1200) 3768 
130 |1759 161.1 .01887| 0.5889] 52.99 |1.698 145.13) 209.021 .1274| 3736 
140 199.6 |1849 01915) 0.5189] 52.22 1.927 141.71) 209.58) 1341| 3705 
150 (225.4 [210.7 01945) 0.4586) 51.41 |2.18! 138.23] 210.10] „1407, 3674 
160 |253.5 |2388 01978) 0.4070) 50.56 [2.457 134.66) 210,56) „1473 3646 
170 (283.9 |269.2 en 0. pA 49.63 |2.768. 130.96) 210.93) „1538 3618 

| | | 


* In. Hg bolow 1 atm. 


V Tanner, Banning, and Matthewson, Ind. Eng. Chem 31, 878 (1939). 


de Nemours & Co. Ine, 


Copyright, 1939, E. T. du Pont 
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REFRIGERATION 


‘Table 23. Properties of Saturated Vapor of “F-12"'(CCIF:)t 
Pressure | Volume Density | Heat content from —40"] Котору from 
"Temp. Vapor, 
3 Vapor, | Тай, | Vapor, | Haut. | Latent, | Vapor, Д 
> cu. | Ib. per | 1b. por | Вл. | Bitu. Ваш UU 
per Ib, | ex fe | eu. ft. | per | per Tb | per I ues 
SOIT | BITE O | 73.50 | 73.50 0.17517 
3:727 | 94:39 | 0.2683] 0.40 | 73.34 | 73.74 “17490 
3.553 | 94:20 | 0°2813] 0-81 | 73.17 | 73.98 17463 
3.389 | 93:99 | 0.2951] 1:21 | 73.01 | 74.22 17438 
3,254 | 95:29 | 0.3092| 1:62 | 72.84 | 74% п? 
4] .0107| 3.088 | 93.59 | 0.3238) 2.03 | 72,67 | 74.70 1287 
23| 10107] 2:950 | 93:39 | 0:3200 2:44 | 72:50 | 74:94 17364 
33| :0107 2,820 | 93.18 | 0.3545) 2.85 | 72.33 | 25:18 | 10068] 17340 
63| 20108) 2:608 | 92°98 | 0.3706] 3:25 | 72°16 | 25:41 | 10075] 17317 
{24% :0108| 2.583 | 92.78 | 0.3871] 3.66 | 71.98 | 75.64 | :00846| 172% 
58 4.07 | 71.80 | 75.87 | „00040 17275 
31 4:48 | 71:65 | 76.11 | 201033) :17253 
07 4 17232 
85 530 ПР 
67 572 nma 
50 614 E 
38 6:57 117158 
28 6:99 17140 
2! 0568] 7.41 илз 
X 0587] 7:83 un 
0.610. 8.25 17091 
90:31 | 0.6352] 8:67 17075 
90:11 | 0.6606) 9:10 17060 
90.00 | 0.6735] 9:32 17052 
89.88 | 06864] 9:35 17045 
80.68 | 0.7129) 9:96 112020 
89.45 | 0.2402] 10.39 217015 
89:24 | 0.7687 10.82 10701 
89:03 | 0,7981 11:26 16987 
58:81 | 0.8288) 1:70 16974 
88:58 | 0.8598) 12:12 пее 
88.37 | 0.8921| 12.55 16949 
88:13 | 0:9251| 13,00 Ho 
87.91 | 0.958 13,44 216926 
57:68 | 0.9930] 13,88 716913 
87.47 | 1.028 | 14:32 216900 
87.24 | 1.065 | 14.76 16887 
87:02 | 1:102 | 15:21 16876 
86.78 |-1:140 | 15.65 16865 
86.55 | 1:180 | 16:10 Лева 
86.33 | 1:221 | 16:55 16843 
86.10 | 1.263 | 17.00 E 
83:88 | 1:304 | 17.46 116823 
85:66 |139 | 17.91 16813 
85.43 | 1.393 | 18:36 16803 
85:19 | 1438 | 18:82 16794 


$ From Am. Soc, Refrigerating En 
*1n. На. below 1 atm. 
T Standard ton temperatures. 


Cire. 12, by permission, 
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Table33. Properties of Saturated Vapor of ‘‘F-12"’ (CCI:F:)—(Continued) 


Prmue | Volume Density | Heat content from —40°] Еу From 

Temp, Fam = === Таша, | Үз 
E Abs. e, | Liquid, | Vapor, | Liquid, | Vapor, | Liquid, | Latent, Vapor, db ed 
T. | per. rcd ros ia Pod ss ee erem ae Aes 
aq in: per Ib. | per Ib. У АРДА 
38 | 61.39) 46.69) 0.0118) -673 | 84.34 | 1-385 | 19:27 | 64-51 | 83-78 [0.04126 0. T6785 
52 | 63,49] 48.79 0 1652 | 84.71 | 1:534 | 19.72 | 64:27 | 83.99 | 4215] 1679 
54 | 65.63] 50.93] 10118) :652 | 84-50 | 1:583 | 20:18 | 64.02 | 84.20 104304] “16767 
56 | 67:84) 53.14| :01I9| :612 | 84:28 | 1:633 | 20,64 | 63.77 | 84.41 | :04392| 16758 
58 | 20:10) 55.40|- (019 :59 | 84:04 | 1.686 | 21-11 | 63:51 | 84.62 | :04480| {16749 
во | 72.41) 577] .0U9| .575 | 83.78 | 1.740 | 21.57 | 63.25 | 84,82 | .045e8| 16741 
6 | 74:77] 6007 ©0120 :557 | 83:57 | 1'795 | 22:03 | 62:99 | 85.02 | :04657, -16733 
64 | 77.20) 62.50 :0120| 540 | 83.34 | 1,851 | 22.49 | 62.73 | 85:22 | :04745) 16725 
66 | 7961] 64:97) 0120) .524 | 83°10 | 1.909 | 22:95 | 62,47 | 85:42 | "04833 16717 
68 | 82,24 67.54) 20121) :508 | 82:86 | 1.968 | 23.42 | 62.20 | 85.62 | .04921| 16709 
70 | мы 70.12 .0121 .493 | 82.60 | 2.028 | 23.90 | 61.92 | 85.82 | .05009| „16701 
72 | 87-50) 1280 ‘0121! 7479 | 82.37 | 2.090 | 24:37 | 61.65 | 86:02 | :05097| 16693 
24 | 90:20 75.50| .0122) :464 | 82:12 | 2:153 | 24:84 | 61:38 | 86.22 | :05185| -16685 
76 | 93.00 7830 :0122 :451 | 81-87 | 2:218 | 25:32 | 61:10 | 86.42 | 03272, 16677 
78 | 55 81:15) :0123| :438 | 81:62 | 2.284 | 25:80 | 60.81 | 86:61 | .05359| -16669 
98.76| 84.0] 0123]. .425 | 81.39 | 2.353 | 26.28 | 60.52 | 86.80 | .05446| „16662 
82 [1017] 8700 :0123| 413 | 81:12 | 2:423 | 26.76 | 60.23 | 86:99 | :05534| 16635 
84 | 104.8} 90:1 | :0124 1401 | 80:87 | 2.495 | 27.24 | 59.94 | 87.18 | 0562 16648 
+ | 107.9 | 93:2} 1094 :389 | 80.63 | 2.569 | 27.72 | 59.65 | 87:37 | 05708, :16640 
в | пи | 96:4 | :0124 2378 | 80.37 | 2.645 | 28.21 | 59.35 | 87,5% | .05795| 16632 
9 | 14,3 | 96| 029 368 | 80.11 | 2:721 | 28.70 | 59.04 | 87.74 | .05882] (16624 
92 | 177 | 103.0 | .0125) :357 | 79:86 | 2.799 | 29:19 | 58.73 | 87.92 | 105969] 16616 

94 | 1210 | 106.3 | :0126 2347 | 79.60 | 2.880 | 29:68 | 58:42 | 88:10 | 06056] 1 
96 | 124:5 | 109.8 | 0126] -338 | 79:32 | 2.963 | 30.18 | 58.10 | 88:28 | 106143] .16600. 
әв | 128.0 | 113.3 | 0126| :328 | 79:06 | 3.048 | 30.67 | 57.78 | 88:45 | :06230] :16592 
10 | 131.6 | 116.9 | .0127] .319 | 78.80 | 3.135 | 31.16 | 57.46 | 88.62 | .06316] 16584 
102 | 135:3 | 120,6 | :0127 2310 | 78:54 | 3:224 | 31:65 | 57.14 | 88.79 | :06403| 16576 
104 | 199.0 | 1243 | -0128| 302 | 78:27 | 3316 | 32:15 | 56:80 | 88:95 116568. 
1% | 142.8 | 125.1 | 20128) :293 | 78.00 | 3:411 | 32:65 | 56.46 | 89:11 | :06577) 16560 
108 | 146.8 | 132.1 | 50129] -285 | 77.73 | 3.509 | 33.15 | 56.12 | 89:27 | 105663] 16551 
па | 150.7 | 136,0 | .0129|...277 | 77.46 | 3.610 | 33.65 | 55.78 | 89.43 | .06749] .16542 
12 | 1548 | 140.1 | 0130) -269 | 77:18 | 3:214 | 34:15 | 55:45 06836] :16533 
114 | 155,9 | 14.2 | 0130) 262 | 26.89 | 3.823 | 34.65 | 55.08 06922| .16524 
пв | 163.1 | 148.4 | 201310. 2254 | 26.60 | 3.934 | 35,15 | 54.72 | 89.87 | :07008] 16515 
118 | 167:4 | 1527 | 20191) 2247 | 76:32 | 4:049 | 35.65 | 54,36 | 90.01 | :07094) 16505 
\ | 171.8 | 157.1 | „0032 .240 | 76.02 | 4.167 | 36.16 | 53.99 | 90.15 | .07180] -16495 
122. | 16.2 | 161:5 | „01321 233 | 75.72 | 4.288 | 36.66 | 53.62 | 90.28 | .07266| 16484. 
124 | 180,8 | 166.1 | :0133, 2227 | 25:40 | 4:413 | 37,16 | 53.24 | 90:40 | 107352] -16473 
126 | 185.4 | 70.7 | 20133, = :220 | 25:10 | 4:541 | 37:67 | 52:85 | 90:52 | :07437| 16462: 
128 | 190.1 20134) 2214 | 24.78 | 4.673 | 38.18 | 22,46 | 90:64 | :07522) ‘16450 
130 | 194.9 «0134| .20в | 74.46 | 4.808 | 38.69 | 52.07 | 90.76 | „076071 16438 
182 | 1908 20135) 7202 | 74-13 | 4:948 | 39.19 | 51:67 | 90:86 | 07691 -16425 
134 | 204,8 | 190,1 | 20135) 19% | 23-81 | 5.094 | 39:70 | 51:26 | 90.96 | :07725| {1691 
186 | 209.9 | 195.2 | 20136) “191 | 23.46 | 5.247 | 40:21 | 50:85 | 91.06 | :07858) -16396 
138 | 215:0 | 2003 | 20137) :185 | 73:10 | 5:405 | 40:72 | 50.43 | 91:15 | -67941| 16880 
140_| 220.2 | 205.5 | 0138-180 | 72.73 | 5.571 | 41.24 | 50,00 | 91,24 | .08074| „16363 


* Standard ton temperatures. 
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Table 29. 


Properties of Propane; 


per Ib. per ^F. 


= 


Liquid | Vapor 
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heat, | Entropy, В.а. 
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Properties of Butane 
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Table 31. Properties of Isobutane} 


Latent 

"Temp., Pressure, Specific volume, Density, Heat content, | heat, | Entropy, Btu. 

"F. Ib. рег ва. in. | cu. ft. per lb. | 15. рег cu. ft, | B.tu. per Ib, Du per Ib. per ^F. 
per lb. 

| 
Abeo- | Gage | Liquid | Vapor | Liquid | Vapor | Liquid | Vapor. Tiquld | Vapor 
ата 

—20 7,50 *14.6 0.02610 10.5, 38.35 | 0.0952) —9.0 | 156.5 | 165.5 
Zis | 8:30) +13.0 | 202620 9:90 | 38.15 | 0:101 | —7:0 | 157.0 | 164:0 
—10 9.28) *11.1 | .02625| 8.91 | 37.95 | 0.112 | —4.5 | 158.5 | 163.0 
-5 10.4 | * 8.8 | .02645| 7.99 | 37.80 | 0.125 | —2.5 | 159.5 | 162.0 
0 11,6 | * 6.3 | „02660) 7.17 | 37,60 | 0.139. 0 | 160.5 | 160.5 
+5 13.1 | * 3.3 | .02675| 6.41 | 37.40 | 0.156 | +2.5 | 162.0 | 159.5 
10 14.6 | * 0,2 | 02690) 5.75 | 37.20 | 0.174. 5.0 | 163.5 | 1585 
15 16.3 1.6 | .02705 5.18 | 37.00 | 0.193 7.5 | 164.5 | 157.0 
20 18.2 3.5 | .02715 4.68 | 36.80 | 0.214 | 10.0 | 166.0 | 156.0 
25 20,2 5,5 | .02730| 4.24 | 36.60 | 0.236 | 13.0 | 167.5 | 154.5 
30 22.3 7.6 | .02745| 3.86 | 36.40 | 0.259 | 15,5 | 169.0 | 153.5 
35 24.6 9.9 | 02760} 3.52 | 36.20 | 0.284 | 18.0 | 170.5 | 152.5 
40 26.9 | 12.2 | .02780| 3.22 | 36.00 | 0,311 | 21.0 | 172.0 | 151.0 
45 295 | 14.8 | .02795| 2.96 | 35.80 | 0.338 | 24.0 | 174.0 | 150.0 
50 32.5 | 17.8 | .02810| 2.71 | 35.60 | 0.369 | 27.0 | 175.5 | 148.5 
55 35.5 | 20,8 | .02825| 2.49 | 35.40 | 0.402 | 30.0 | 177.5 | 147.5 
60 | 387 | 240 | (02840 2.28 | 35.20 | 0.439 | 33.0 | 179.0 | 146.0 
65 422| 27.5 | .02855 210 | 35.00 | 0:476 | 36.5 | 181.0 | 144.5 
70 | 45.8 | 31.1 | :02875| 1.94 | 34.80 | 0.515 |. 39.5 | 183.0 | 143.5 
75 4.7 | 35.0 | .02800 1.79 | 34.60 | 0.559 | 43.0 | 185.0 | 142.0 
80 53.9 | 39.2 | „02910 1.66 | 34.35 | 0.602 | 46.5 | 187.0 | 140.5 
85 58.6 | 43.9 | .02930| 1.54 | 34.10 | 0.649 | 50.0 | 189.0 | 139.0 
& | 595] 44:8 | 02955 1.52 | 34:10 | 0,658 | 505 | 189.5 | 139:0 
90 63.3 | 48.6 | .02050| 1.42 | 33.90 | 0.704 | 53.5 | 191.0 | 137.5 
95 68.4 | 53,7 | ‚02965 1.32 | 33.70 | 0.758 | 57.5 | 193.5 | 136.0 
100 737 | 59.0 | ‚02900 1.23 | 33.45 | 0,813 | 61.0 | 195.5 | 134.5 
105 79,3 | 64.6 | „03005 1.14 | 33.25 | 0.877 | 65.0 | 1980 | 133,0 
по 85.1 | 70.4 | 03050] 1.07 | 33.00 | 0.935 | 69.0 | 200.0 | 131.0 
15 91.4 | 767 | ,03050] 0 990 | 32.80 | 1-01 73.0 | 202.5 | 129.5 
120 98.0 | 33,3 | .03075| 0.926 | 32.50 | 1.08 77.0'| 204.5 | 127.5 
125 | 104.8 | 90,1 | „03095 0,867 | 32.30 |1 | 81.5 | 207.5 | 126.0 
130 | 1120 | 97,3 | ,03125| 0.811 | 3200 | 1 86.0 210.0 | 124,0 
135 | 119.3 | 1046 | 03145) 0.760 | 31.80 | 1 90.5 | 212.5 | 122.0. 
140 | 126,8 | 12.1 | 03175 0.716 | 31,80 || 95.0 215.5 | 120.5 


| Ат. Soc. Refrigerating Eng 
* To. Hg below | atin. (29.92 in.) 


9, by permission. 
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Table 32. Ethane (C:H;), Saturated Vapor: 


2 [Pressure Volume Deu | Nate 
ешр. жаң голта елаз ур 7 = 
SEP? | Aba, | Gage, | Liquld,| Vapor, | Laud, | Vapor, | Liquid, Latent, | Vapor, 
PO (ра . усы күт | ee 
за. per Ib. 
70 
80 
97 
и Ў 
13:2] 3:0" 202924 8.85 | 34:20 
15.5 | 0.8 | .02939] 7.69 | 34.02 
82| 35| 02961 6.89 | 33:77 
21.4 | 6:7 | {0976 5:88 | 350 | 0.170 
24:8 | 10:1 | 03001 5:27 | 33:32 | 0:190 
28:5 | 13:8 | оза 4:55 | 33:13 | 0:220. 
32.4 | 17.7 | ,0305| 413 | 32.8 | 0.242 
36.4 | 2127 | ‘0307 | 3:57 |326 | 0.280) 
41:0 | 26:3 | 20509 | 3:23 |324 | 030 
460 | 313 | гози | 2:86 |322 | 0.350 
51.2 | 36:5 | 013 | 256 | 31.9 | 0:390 
56.8 | 42.1] 015] 2.35 |317 | 0-5]... 
$30| 4&3| :018 |210 |315 | 0.47. 
70:3 | 55.6 | :032 | 194 [31:3 | 030]: 
7822 | 63.5 | :0322 | 175 | 31:0 | 0:570 
8.6 | 25:9 | 20325 | 1:63 | 30.8 | 0:05 
95.9 | 81.2 | .0327 | 1.50 | 305 | 066 
105:0 | 90,3 | 0330 | 1:39 |303 | 0:720 
1145 | 99.8 | 10333 | 1.28 | 300 | 0:780 
124:5 | 109.8 | ‘os36 | 1:18 | 2,8 | 0:845) 
135,0 | 120,3 | 10339 | 1:13 | 295 | 0:875 
146.7 | 132.0 | „ома | 1.05 | 29.2 | 0.95). 
159:5 | 448 0,976 | 89 | 1:03 |: 
ur |157 286 | 117 
17 | 172 283 | 122 
202 |187 280 | 1537 
29 |24 za | 1.45 
26 |21 274 | 1 |: 
24 | 239 270 | 17 
22 |27 267 | 155 
22 |27 26:3 | zu |. 
37 | 292 260 | 2.19 
55 |320 56 | 2x 
38 | 343 252 | 257 
з |368 206 | 27 
5 | 390 Ha | 3.03 
48 | 413 24.0 | 3.28 
453 | 438 55 | 3:38 
Amp | 466 22:0 | 3.90 
Su | 496 225 | «mp 
58 | 528 217 | 467 |: 
584 | 569 20.9 | 5.50 
65 | 610 97 | 614 
ёз |67 18:2 | 7:80 |: 
ést | 666 18 | 82 |: 
898] 718 |m | .0775 | 00775] 129 | 129 0 


Linde Air Producta Company, Compile 
Pressure: 7 to 32 Ib. abs., Masse and 


abs, А. Heinlen.? 
‘Density:t — 162 to — 101. (experimental data on liquid), Maass and Wrig! 


vapor, aud latent heat data (calculated), Linde Air Products Co. Laboratory. 
1J. Ат, Chem. Вос. 43, 1098 (1921). + Phil. Мод. (6) 3, 149 (1902). 3 Lieb. Ann., 282, 229 (1894), 
«7. Ат. Chem. Soe., p. 1104 (1921). 
* In. Hg below 1 atm. (29.92 in. = 14,696 Ib. per sq. In. aba). 
Probable accuracy: Density, liquid 1, vapor 3, latent heat 10 per cent. 
Ftandard ton temperatures. 


ҺЕ 31 to 347 Ib, abs., Kuenen and Robson;? 162 to 734 Ib, 


remainder of liquid, 
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Table 34, Nitrous Oxide (N:O)f 
| Pressure Volume Density 
‘Temp, Т СЕТ Heat 
F. Abe, о Паша, | Vapor, | Liquid, latent, 
1b. per Ib. ре cu. ft. ou. ft, Ib. per Btu, per th. 
sq. їп. за. in. per Ib. per Ib, cu. ft. 
—130 42 0.5 0.01232 5,940 81.17 0.165 172.3 
-121 19.6 4.9 „01248. 4.370 80.13 2 168.9 
-2 26.8 12.0 -01264 3.200 79.11 30 165.6 
103 35.5 20.8 -01280 2.480 78.12 40 162.3 
-%4 47.3 32.6 01296. 1.880 71.46 E 158.9 
-5 59.6 44.9 01312 1.510 76.22 .66 155.0 
E 75.0 60:3 | 201314 | 12% | 2610 82 | 1507 
—67 92.3 71.6 01376 0.9990 72.67 1.00 148.9 
-58 113.0 98.3 01408. 0.8270 71.02 1.20 145.8 
-49 135.0 120.3 01440 0.6960 69.44 1,40 142.5 
-40 160.0 145.3 01472 0.6000 67.93 1,65 139.1 
-3 190.0 175.3 01504 0.5120 66.49 1.95 135.6 
2 23.0 208.3 01536 0.4430 65.10 2.25 132,3 
-3 257.0 242.3 01568 0.3950 63.77 2.50 129.0 
—4 295.0 280.3 01600 0.3470 62,50 2.85 125.2 
+” 333.0 318.3 01632 0.3080. 61.27 3.25 121.4 
14 375.0 360.3 01680. 0.2690 59.52 3.70 116.8 
2n 422.0 405.3 01728 0.2340 57.87 4.25 11.9 
x 41.0 | 4553 | 201770.) 0207 | 5630 $95 | 105 
a 528.0 | 533 | 101845 | 0,1744 | 5419 570 | 103:2 
50 592.0 577.3 01920 0.1496 52.08 6.65 95,8 
59 663.0 6483 02016 0.1276 46.73 7.80 88,2 
68 745.0 730.3 02140 0.1076 45.60 9.30 73.6 
77 832.0 817.3 02300. 0.0896. 43.48 11.20 66,9 
186 930.0 915.3 02560 0.0726 39.06 13.80 51.1 
95 1035.0 1020.5 03136. 0.0634 3! BB 18.70 24 
96 1055,0. 1040.3 03498 0.0537 v.58 23.50 13.2 
97 1065.0 1040.3 04080 | 0.0408 ASI 24.50 00 


j Am. Soc, Refrigerating Bn 
* Standard ton temperatures. 


irc. 9, by permission, 
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Table 35. Ethyl Ether [(C:H;):0]t 


Pressure | Heat content above 
Volume | Density 
Temp, of vapor, , | of vapor, 
p» Ge, | cud eu. f 
5 ре! | рит XY 
we | per Ib, 
| 
0 27.28 38.0 —в.0 | iuo | 153,00 
E 26.87 35.0 —15.00 |. 170.8 155.80 
10 26.26 315 == | ma 158,43 
15 25.6 30.0 =9.50 | 102 161.70 
ж EX 27.0 650 | 1700 163,50 
25 24.03 23 -40 | 16 165.60 
E] 23:00 24 21:50 | 160.4 167.90 
35 22.00 193 +10 | ies 170.20 
40 жа | aro 17.0 400 | теа 172,40 
5 49 19:97 15:0 6:60 | 168:0 174.60 
50 55 18.72 13.2 9.57 | 167,6 177.17 
70 88 12105 78 20:04 | 154 185.44 
75 9:8 10:02 то 2340 | 108 188.20 
80 10.9 7.33 $2 2640 | 1042 190,60 
85 122 $0 $5 2.0 | 163.8 192,80 
в" 23 3:62 54 29:50 | 16315 193100 
» 13.4 2.72 5.1 3150 | 163.0 | 19450 
95 17 0:00 18 34.00 | 162,2 196.20 
100 16.0 13 45 36:50 | їз | 197.50 


dard ton-tomperatures. 
с. Refrig. Engu Cire, 9, by permission. 


CONDENSERS 
The primary function of the condenser is to transfer to the environment 
(usually water or air) the heat extracted at the lower temperature. If c 
is the specific heat of water (or air), W the weight of water sent through the 
condenser per minute, At the temperature rise in degrees Fahrenheit, and п 
the number of tons refrigeration produced, then 


_ 200n 
ом 


Usually At will not be more thun 30°F., from which it follows that ТУ is Approx- 
imately 7 lb. per min, per ton refrigeration or about 1100 to 1200 gal. per day 
per ton refrigeration. In considering any refrigeration installation it is 
always important to determine whether the water requirements can be met 
n the available sources. In large metropolitan centers this may often be a 
serious problem. The question of cooling-water economy is discussed by 
Sherwood (Refrig. Eng., February, 1927) and Waterfill (ор. cit., September, 
1927). 

Types of Condensers. Condensers may be divided into the following 
types: (1) submerged coil; (2) atmospheric; (3) atmospheric counterflow; 
(4) double pipe; (5) multicoil; (6) flooded; (7) vertical shell and tube; (8) 
horizontal shell and tube. 

Submerged-coil Condensers. ‘The early condensers consisted of pipe 
coils placed in а tank. Ammonia flowed downward through the сой while 


т 
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water was introduced at the lower part of the tank and overflowed through 
а connection near the tank top. This was a cheap condenser to build but 
had several objectionable features. The most serious fault was that only a 
small part of the water touched the pipe сой. As а consequence, the amount 
of heat removed per gallon of 
water was very low, and to, ob- 
tain a given capacity a large 
condenser tank was necessary. 225 

In addition the water tended to 

remair. stagnant along the coil, 

and this interfered with the 

transfer of heat from the am- 

monia vapor to the coil, во that i 
30 B.t.u. /(sq. ft) /(deg. F.) (per 
hr) was about the maximum E 


rate. LL 
‘Atmospheric Condensers, Matea Ц 


Atmospheric condensers аге —Almospherie condenser, 

made of a vertical row of horizontal pipe lengths, from 8 to 20 in number, with 
the ends connected by return bends forming a continuous pipe through which 
the ammonia passes. Ammonia enters at the top from a header connecting 
two or more of the rows of pipes and flows downward, losing its hent to the 
water. Liquid ammonia settles in the bottom coils and passes off to the 
receiver or storage tank. Water is fed into a trough placed over the top 
pipe and, overflowing, drops into the top pipe and thence successively flow 
over each pipe into а basin beneath the coil. This type is illustrated in Fig. 
17. It will be noted that both the ammonia and water flows are cross 
current. The condensed ammonia cannot be lower in temperature than the 


temperature of the discharged 
water. Gas inlet. 


Bottom-inlet Atmospheric GEES beh 
Condensers. In bottom-inlet © ae 
condensers the flow is made ФЕБ 
countercurrent, by feeding the Mar 


vapor at the bottom and by 
taking liquid off at the top, but, ЕЕ 
unless bleeder connections are 

taken off every few coils, the 

liquid tends to How back toward the bottom. The condition prevails in those 
condensers where, after passing upward through the two lower pipes, the am- 
monia vapor is conveyed by an outside connection to the top pipe and then 
flows downward through the remainder of the bank. Both designs are erratic 
in operation and are subject to flooding and slugging. 

Countercurrent Atmospheric Condensers. As stated above, the 
coldest water in the ordinary atmospheric condenser is at the top in contact 
with the hottest gases, while the hottest water at the bottom is in contact 
with the coldest ammonia. To reduce the ammonia temperature on leaving 
the condenser, condensers are designed with the gas inlet at the bottom 
where jt meets the hottest water and the liquid discharge higher where the 
water is cooler. Из passage upward through the coils the condensing 
ammonia will have a tendency to trickle downward against the entering vapor. 
То prevent the bottom coils from filling up with liquid, trap drains are pro- 
vided at several points. 


Gas outlet 


Fig. 18.—Doubl ndenser, 


pipe 
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Double-pipe Condensers. The desirability of having a condenser 
suituble for locations where the splashing of water by вп atmospheric con- 
denser could not be permitted led to the use of the double-pipe condenser, 
Fig. 18. In this design, two pipes are placed 


one within the other. The inner oneis usually Water distributor d 
new th nner one isusually ш d 

14 in. in diameter and is filled with cooling 5220 

water. The outer pipe is 2 in. in diameter, LER 

and the ammonia gas flows between the inner Gas 


and outerpipes. Suitable connections permit 47; injet А 
the water to flow from one inner pipe to the 

next upper one, while at the same time the QUSE, 
ammonia gas can pass in the opposite direc- 
tion. The inner pipe extends through the 
fitting and through two stuffing boxes which 
seal the connection against leakage. 

Shell-and-tube Condensers, A type of 
construction of the vertical single-pass multi- 
tube condenser is illustrated in Fig, 10. Тыв 
consists of a welded shell with flared ends 
riveted to heavy tube sheets and a number of сое 
chureoal-iron tubes. ‘The ammonia gas inlet gags 
is at the point A, In order to provide for a 
more even distribution of the gas at the i 
let, a special deflector is attached to the inlet outlet В, 
nozzle as shown. The ammonia is condensed 
on the tubes, collects in the bottom part of the 
shell, and is drained off at the feed outlet В. Ц 
An equalizing line is provided at С. A drain р, 19. И. 
is installed at F, while purge connections may 
be made at points E and F. А cireular water 
box Н is attached to the top sheet, and a special water baffle J, having 
serrated edges К, is placed within the water box as shown. Water-dia- 
tributing devices J are placed on the top end of each tube. These d 
tributors are made of cast 
iron and are hollow and with F с Е 
spiral grooves, and cause the 
water to flow in а corkscrew в 
motion down the tube. А 
certain amount of air is 
drawn in through the hollow А 

res of the device. The B 
vertical shell-and-tube eon- 0 
denser has the advantage Fra. 20,—Horizontal multipass condenser, (Courtesy 
that a greater amount of Struthers Wells.) 
cooling surface ean be ob- 
tained for а given floor space than with any other type. 

Horizontal Multipass Condenser. A construction of a horizontal 
multipass condenser is illustrated in Fig. 20. Water enters at the inlet A 
and passes through a bank of 114-in. tubes in the lower part of the shell, then 
flows backward and forward several times through the tubes in the upper 
part and finally out through the exit В. Refrigerant vapors enter at the inlet 
С placed on the top of the shell near the middle. The vapors condense, and 
the condensate is removed at D where it meets the coldest cooling water, A 
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purge for non-condensable gases is provided at E. A safety valve is installed 
at F, and a drain valve stG. The number of passes depends on the diameter 
of the shell, being 2 to 6 on а 12-in. shell and 8 to 12 on a 24-in, shell, The 
total number of tubes varies from about 


30 on a 12-in. shell to 160 on a 24-in. $4 
shell. Ёл 
Heat Transfer in Ammonia Con- = 
densers (See section on Flow of Heat, #8 
pp. 947 to 1029). Exhaustive investiga- $ | 
tions on heat transfer in ammonia con- 8 


densers were carried on by the University 
of Illinois; the results appear in the Uni- ^ 
versity of Illinois Bulletin 25. In thesez o 
investigations tests were run оп shell- 02 
and-tube, atmospheric-bleeder, and Ё 06 
double-pipe condensers, and both the Ê 
wnit condenser tonnage and the total E 
condenser tonnage have been. plotted 
against the unit water rate for initial È gy 
water temperature of 68°F, as shown in Е nec n 
Fig, 21. When the total tonnage de- oo ор aa eH үз DX ON И 
veloped is taken into consideration the Condensor Water in Gat per Min. por S Fl 
shell-and-tube condenser shows the 
greatest capacity. The total area of the 
bleeder condenser exposed to saturated 
ammonia is 105 sq. ft., while that of the double-pipe condenser is 02 aq. ft. 
and in the case of the shell-and-tube condenser it is 251 sq. ft. 

As reported by the University of Illinois Bulletin 186, the coefficient, of 
heat transfer of а 16-16. vertical shell-and-tube condenser having thirty 2-in, 
tubes is found to vary with the water ve- 
locity, or water flow, as shown in Fig. 22 
and Table 36. "The variations in heat 
transfer with varying water flows and ton- 
nages are shown in Fig. 23. 

The conclusions reached in these tests 
were as follows: 


A UA, ital Yer Temp. 68 D 
Liquefaction Pressure S Lh 


Fic. 21,—Comparative performances of 
various condensers. 


Cenc Noter er Ton pee Hine 


1. The thickness of the layer of liquid ammonia 
udhering to the tubes of the vertical shell-and- 
tube condenser materially affects the rate of heat 


deser Pressure b per San Gage 


Glin 


transfer per unit of surface, 10.00 70 та та NON M 
2, At а constant water rate the coefficient of ` Bhu pen of Teheran per mae 

heat transfer decreases with increasing values of rev by Condensar 

the mean temperature difference between the atn- ^ Ty, 22.—Condenser water re- 


monia and the water in the vertical shell-and-tube 
condenser, sion from "Handbook of Mechanical 

3. Irrespective of the proportions of the vertical. ВО by Th fe Mannin 
shell-and-tube condenser no appreciable aubcool- John Wiley. d Sons.) 
ing of the liquid occurs. 

4. The condenser tonnage developed per square foot of surface in the shell-and-tube 
condenser id independent of the size or proportions of the condenser and is a function 
only of the initial temperature of the water and the amount circulated per square foot 
of surface per unit of time. 

5. The condenser tonnage developed per square foot of surface in the condensers 
when the effective surface is altered by raising the liquid level or by plugging pumps, а 


quiremen 


(Reprinted by permis- 
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"was done in the investigation, is approximately independent of the proportions or 
arrangement of surface if a given 


amount of water at a given ini- SOTTTTT Т LET 
‘tial temperature is circulated рег „бы. T 
quare foot of surface in a given > Sg | | | | 
time. gS Д 

6. One square foot of surface Р E. | A 
i» approximately eight times as Ei 260 | РТ | 
effective in transferring heat «b 2 
from saturated ammonia vapor Ў § 22) | 1 
to water us it is in transferring. Бы’ | 
heat from superheated ammonia $T | 
gas to water.* Š giso ү, 

7. For conditions of viscous 2 2 р 
flow on the water side, the co- $25 ој 2 Liquefaction Pressure 
efficient of heat transfer in a © РГТ M5 Lb per San Gogg 
superheat remover is а linear 5) TO ко 00 00 40 NO 30 


function of the water velocity, * Condenser Vator in Lb. per Min 


Variation of heat transfer with water rate 
for shell-and-tube condensers, 


Condenser Water. The 
amount of water required 
in the condenser depends upon the quantity of heat which must be removed 


Table 36. Gallons Condenser Water per Ton Refrigeration 


OF. water TOF. water 80°F, water 

Condonser | Corre- Water per ton of. Water per ton of. Water por ton of 
pressure, |, Corre refrigeration, gal. refrigeration, gal. refrigeration gal. 

Ib. per ' ee Мег s d пип, P ЕЗ 

aq. in, | ор Suction pressure, | Range, | Suction pressure, ution pressure, 

ә | "| Ве | ih Regie | ib. gago 1. gage 

| [pen 
5 | 0 | |8 | 29 | 25 15 | 20 | 25 

меа | в 10 | 290 285 280 

4 | 77 | 12 | 24 235] 2:30 

136.6 | 79 | M | 2:05) 2.00) 1:95] 

а | a | 16 | 189) 1.80) 175] 6 [4.87 4:80) 470 

1472 | 83 | тв | 165] teol 1.5) в | 3:67] 3.60 3.55 

1527 | 85 | 20 | 147] 1,43] im] 10 | 295 290 2:85 

158.3 | 8 | 22 | 135 132] 1-30) 12 | 2:45, 240 2:35 

164.1 в | 24 | 1:25) 12 12) 14 |210 2105] 2:00 

170.1 91 | 26 | 1215) 119] 1:10) 16 | 190 1:85] 1.80 6 | 5.00} 4.90) 

176.2 | 93 | 28 | 1:08 1:05) 109] 18 | 1.68) 1:63] 1:60] 8, | 3.75] 3.20 

182.6 | 95 | 30 | 100 0:99 0097] 20 | 1:30] 1:48] 1:45 10 | 3°00) 2:95 

18:1 Я | 32 | 0.95) 093 0,9) 22 | 138 135 138] 12- | 2:52 2.48 

195.7 | 9 I| 24 | 128/125 1:22) 14 | 2:13] 2:10) 

2025 | 10 | I 26 | 147) 1515) 1243), 16 | 122 185 

200.5 | 105 | 2] 28 | тло гол 105] 18 | 1:70] 1:67) 1:63 

265 | 105 | 50 |102 1:00] 0:98 20° | 1:52) 1:50] 1:48 

zy; | 107 52 | 0:95) 0.93 0.92] -22 | 1:20] 137) 1:35 

Bi | по | еј 28 | 130 128 1:25 

5&7 | n | | ПШ 26 | 1:20] rae 115 

216.5. из ا‎ 28 |1172 1.08 1.06 

245 | n5 | 3 ] зо | 1:05] 1:02 1:00 

2822 | ит | | 32 | 1:00] 0:98] 0:95 

Emu | 


* If the süpérheated vapor is condensing, the rate of lieat-transfer is probably as good 
as for saturated vapor. The above conclusions apply to the case in which superheated 
vapor goes to а lower degree of superheat. 


to liquefy the ammonia. This may 
be calculated as follows: first, find 
the weight of ammonia to be circu- 
lated per minute per ton. 

The heat to be removed per pound 
Q = Н, — hy, where Q is the B.t.u. 
to be removed by the cooling water: 
H, is the total heat in 1 Ib. of dis- 
charge gas; hy is the heat of ammonia 
liquid at discharge pressure, The 
pounds of water required per pound 
of ammonia is found by the formula: 


where i = temperature of outlet 
ater. 
в temperature of inlet 
water. 
са = specific heat of water = 1, 

"The condensing pressure дере! 
on the temperatures and quantit 
the cooling water. With 60°F. water 
in large quantities, it is possible to get 
п condensing pressure as low as 145 
Ib. per sq. in.; with 75°F. water, 165 
1b. per ва. in.; with 85°F. water, 185 
lb. per sq. in. In ordinary practice 
the pressure may be somewhat 
higher. 

Table 37 gives the performances 
obtained on a multipass condenser. 

The temperature of the condenser 
water should be as low as possible, 
If water costs aro high, it may be 
more economical to’ provide cooling 
towers and use less water. Carbon 
dioxide condensers cannot operate 
with water above 88°Е., the crifical 
temperature. Before installing car- 
bon dioxide machines, the maximum 
temperature of the available water 
should accordingly be ascertained. 

Cooling-water Towers. 
Cooling Towers Sec. 9.) In most 
places water is tao costly to be wasted 
after use over the condenser and is 
recovered either by a cooling tower 
or pond. 

Towers are usually figured for a 
small range of water cooling, about 
5*F. and are designed to handle ap- 
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proximately 6 gal. water per ton of refrigeration and cool this to within 5°F. of 
the wet-bulb temperature with an assumed air velocity of 5 m.p.h. 

Corrosion in Condenser Systems. Ammonia condensers present 
а severe corrosion problem. A large area of iron or steel is exposed to a 
continuous flow, of water, which is frequently quite corrosive. To obtain 
efficient heat transfer it is desirable to have the metal bare, and ordinary 
methods of protection, such as painting, are used at the expense of con- 
densing efficiency. Similarly heavy rust films retard corrosion but to the 
detriment of operating efficiency. 

Corrosion of steel in water is dependent upon a supply of dissolved oxygen. 
Except in closed condenser or cooling systems, where the water is kept out. 
of contact with the air, it is uneconomical to remove the oxygen. 

Silicate Treatment of Condenser Water. Where fresh water is recir- 
culated, passing over the condensers and then through a spray pond or tower, 
the addition of sodium silicate to the condenser water has been found to 
be practical means of preventing corrosion, This treatment has been in 
use in some plants and its behavior warrants continued trial. 

COOLING SYSTEMS 

Cooling Systems (see Cooling Towers, pp. 1108-1117). Two systems 
of removing heat from cold-storage rooms are used, the direct-evaporation 
and the indirect or brine system 

With the direct-expansion system, where ammonia is allowed to boil in 
the cold-storage rooms, there is danger from ammonia leakage at all times, 
‘The pipe lines may become corroded or may split due to imperfect welding, 
or fittings may be broken accidentally with resulting damage to life or com- 
modities, In a large system with long supply and return pipes, or extensive 
refrigerating piping, the amount of the initial charge has to be very large and 
constant care to maintain the piping tight at all times is required. The result 
is that, except under certain particular conditions, the so-called brine system 
iw best. This has the further advantage that very appreciable amounts of 
refrigeration may be stored up in the brine to take up peak loads or provide 
for refrigeration during closing-down periods, 

In the brine system of indirect refrigeration, the high-pressure side 
is the same as in the direct-expansion system. The low-pressure side con- 
sists of a brine cooler, usually of the shell-and-tube type, similar in construc: 
tion to a steam condenser. The brine is a non-freezing solution of sodium 
chloride or calcium chloride, of such concentration as will not freeze at the 
temperature carried in the cooling system. The brine system then is really 
an additional unit, in which the brine is kept cool by boiling ammonia and the 
cold-storage rooms or other refrigerating applications are kept cold by the brine. 

In the direct-expansion system one less heat transfer is necessary, and 
consequently the expansion coils can be maintained at a higher temperature 
and pressure so that the compression work is less. Moreover, the refrigerant 
extracts heat by evaporation (latent heat) so it can be distributed at room 
temperatures, whereas brine extracts heat only by being colder than the 
surroundings (sensible heat) and must be distributed cold in well-insulated 
piping. The direct-expansion system is therefore much more efficient in 
theory, and the only obstacle to its general adoption is the difficulty of con- 
structing leakproof systems, 

Evaporation or Expansion Coils.* Just as the function of the condenser 
is to dissipate heat, so the function of the evaporating coil is to collect heat 


+ For a more general discussion see Conslev, Heat Transfer in Ammonia Shell-and- 
tube Brine Coolers us Affected by Operating Conditions, Refrig. Eng., 38,409 (1988). 
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at the lower temperature of the refrigerating system. It is quite possible to 
inject the liquid refrigerant into the material to be cooled and then cause it to 
evaporate, but this is in general undesirable for two reasons: first, the refriger- 
ant will have a deleterious effect on the substance cooled, and, second, its 
vapor pressure will be lower because of dilution and the power expenditure 


in compression will be greater. However, in case {һе refrigerant can also 
be used as а solvent, this system may prove very satisfactory, and one notable 
application is found in the Edeleanu process of 4 беја јаме 


The simplest method of cooling brine is to 
thrust а pipe coil into the brine tank with one ЕЕ 
end connected to the liquid refrigerant supply „ри Aradr 
and the other to the compressor. An older Fre: 24.—Continuous-ooil 
form of construction with a series of continuous evaporator, 
coils attached to headers is shown in Fig. 24. раз 
Liquid ammonia із fed into the bottom and м. 
‘awn off on top. Under these conditions е 
liquid ammonia is present on the inside sur- 
face of the coils, and if this is accidentally drawn 
into the compressor it may fill up the clearance 
space in the cylinder and blow off the head on 
the compression stroke. This difficulty is over- j E 
come by placing an accumulator (shown by quid feum. 
dotted lines in Fig. 25) between the expansion 
сой and the compressor. The accumulator may 
serve the further purpose of precooling the 
liquid ammonia returning to the expansion coil. 


extracting asphaltic materials from mineral oils y 
with sulfur dioxide. Hi 
$ 


lator with {шй 
un 


25.—Evaporator coil with 
acoummulator. 


‘This arrangement of coils with accumulator is 
known па the flooded system. In order to К! 
facilitate transfer of heat, brine tanks may be ^^ ВНЕ 
built with partitions and bulkheads so arranged a 
Fro, 2 Short evaporator voil. 


that the brine may be agitated and swirled 
around and through the coils. 

‘A modern short evaporator вой is shown in 
Fig, 26. This ie sometimes made with three 
sets of pipes between the upper and lower head- 
ers and placed in a covered brine compartment. 
‘The herringbone coil, shown in Fig. 27, ean be 
placed in a trough through which the brine is 
circulated at high velocity. 

Besides the submerged types of coils, which are used chiefly in ice making, 
shell-and-tube brine coolers, and double-pipe brine coolers with brine flowing 
through the inner tube are also used. Shell-and-tube coolers are largely 
displacing other types in more recent installations (Fig. 28). Brine flows 
through the tubes, and a surface of 8 to 15 ва. ft. is usually allowed per ton 
of refrigeration. They may be placed either upright or horizontal and 
require small floor space; A float valve can be placed in the liquid receiver 
to regulate the amount of ammonia fed to the expansion coils, 

Heat Transfer in Evaporators. (See Section 7, pp. 947-1029.) The 
York Tee Machinery Corporation conducted a series of tests on heat transfer in 
various evaporators. For shell-and-tube evaporators with tube arrangements 
and liquid levels shown in Fig. 28 the results were as given in Table 38. 
For short flooded coils, the results obtained are shown in Table 39, 


Suction outlet 


Fre, 27.—Herringbone ой. 
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Liquid Controls. In order to prevent evaporating coils from over- 
flowing with liquid refrigerant, some form of automatic control valve is 
usually employed. These may be classified into four groups (see Bec. 17, 
рр. 2009-2089) : 


1. The disphragm-operated 
pressure-reducing valves control- 
ling the refrigerant feed to the 
evaporator according to the pres- 
sure in the evaporator. 

2. Diaphragm-operated pres- 
sure-reducing valves controlling 
the refrigerant feed to the evapo- 
rator by means of the tempera- 
ture of therefrigerant gas leaving 
the evmporator. 

8. Thermostatically con- 
trolled shut-off valves actuated 
by change of temperature in 
тоош or tank and used in series 


with hand-adjusted expansion 
valves or valves under group 1 
or 2, 


4. Flont-oon trolled valves 
which function according to the 
change in liquid refrigerant level 
in the evaporators, or used аз 
liquid traps to puss the refrigerant from the 


Liquid levels used in shell-and-tube coolers, 


igh side to the evaporator as it is condensed, 


Brine Piping. Brine is seldom allowed to warm more than 20°F. in 
performing refrigeration, and the heat absorbed per pound is much smaller 
than that absorbed by the evaporation of an equal weight of refrigerant. 
Consequently brine piping is larger than refrigerant piping. Standard- 
weight piping is sufficient for all ordinary purposes. 


Table 38. Results of Tests on Shell-and-Tube Cooler* 


17,9" brine in 34" brine In. 
TRENE 
Brine tempu °F.. 17.6 | 17.9 | 17.9 | 17.8 | 34.3) 34.0) 33.9 | 33.6 
Soton peeso i tala tibiae] 43 | 133] 16| озу жеу 227] ieo | 05 
Superheat at cooler, “F,.... 3.4 7,3 | 13.3] 23.0 3.5 7.8 | 14.5| 28.7 
‘Tons of refrigeration... 94| 50| 93| 41:0] 7:2] 75:5 | 62| 98 
ое ри, № ui level, % 87.5 | 62.5 | 37.5 | 12.5 | 81.5 | 62.5| 37,5 | 12.5 
Height of ammonia, In. 265 | 20:0| 152 | 65] 26:4] 30:0] 13:4] ез 
Mean temp, difference. 15.5 | 17.3 | 22.7 | 30.6 | 193] 21.3) 275] 38.9 
В.и, transfer per sq. ft. per hr. 
per degree mean temp, difference 62.5 | 54.5 | 36.4 | 21.5] 68.4 | 56.8 | 38,6 | 20.5 
Brine velocity, ft. per min. .......| 129 BI 134 133 133 133 135 133, 


The York Ice Machinery Corporation, by permission. 


‘The same rule for threads applies as in any threaded pipe work. Threads 
should not be shouldered and should be entered three or four by hand. A 
Bin. pipe ought to enter the fitting about 34 or Zé in. and have two or three 
threads sticking out to make certain that it is not shouldered. 
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Table 39. Results with Short Flooded Coils* 


Туда, plpe, .................. " 
Suction pressure, ib, gage, И 
Brine temperature, °Р........ 

Brine velocity, ft. per min. 
ina refrigeration. 

itu. transfer. 


* The York Ice Machinery Corporation, by permission, 


Red lead is a very good heavy lubricant to be used for screwing the pipe 
together, and it helps а little to seal joints. White lead will make a better 
seal, but sets so hard that pipes are separated with difficulty and is little used. 
A little asphalt mixed with red lead makes а better joint in case of imperfec- 
tions in the threads, (Private information from Torrance, Carbondale 
Toe Machine Company.) 

Copper Piping. Copper piping has recently been introduced extensively 
because joints can be sweated together and сап readily be bent around 
obstructions. However, ammonia attacks copper and such tubing can there- 
fore not be used except with the Freon type of refrigerants or methyl and 
ethyl chlorides. Small commercial installations of 1 to 5 tons capacity 
are tending to go over to copper piping with these refrigerants because of the 
ease of installation. 

Refrigeration Pipe Lines, "here are two general systems of pipe-line 
refrigeration in use in the United States—those circulating ammonia and 
those circulating brine solutions as refrigerating mediums. The latter seems 
io be the preferred method. А brine system operated by the Merchants 
Refrigerating Company, New York, serving the dairy products, poultry, and 
produce trades, carries 400 refrigerator boxes, varying in size from 200 cu. ft. 
to 15,000 cu. ft. aggregating a total of 2,750,000 eu. ft, refrigerated space 
(Oakley, Am. Soc. Refrigerating Eng., annual meeting, 1924). 

Brine is cooled to 0°Ё. by two horizontal multipass shell-and-tube brine 
coolers und is circulated through the system by means of four 12-in. шай 
making a dual system on the trunk lines so that in the event of a break in one 
pair of trunk lines the other pair will carry the load. These mains are carried 
under the street at a depth of 4 to 7 ft. and are properly supported and insu- 
lated with three or more layers of 1-in. hair felt. The mains are full-weight 
wrought-iron pipe with flanged joints and ring gaskets, alternate joints being 
fitted with heavy cast-iron sleeves and calked with lead. Expansion joints 
of the corrugated type are introduced to take up the initial movement of the 
pipe, Great care must be exercised in construction to keep the losses at a 
minimum. The normal brine losses average about 14 bbl. a day, while the 
accidental losses over which the distributor has no control are about twice 
this amount. The specific gravity of the brine is maintained at about 1,23, 
‘The solution is tested several times a year and kept slightly alkaline. No 
trouble is experienced with deterioration of the mains, some of which have 
been in service over 30 years. 

Centrifugal pumps are used to circulate the brine throughout the system, 
which during the summer conditions requires about 3000 gal. per min, giving 
а brine velocity in the mains of about 250 ft. per min, The pumps ara 
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designed to give maximum efficiency over a rather wide range of head to take 
care of increasing business and changing load. 

In St. Louis and Los Angeles, liquid ammonia is distributed for refrigeration 
from a central compressor station, and the vapors drawn back by the com- 
pressor suction. The total length of pipe line is about 15 miles in each cit 

In a brine-circulating system there are power losses due to the indirect: 
method which are absent in a direct-expansion system, such as the lower 
operating back pressure to the compressor, the cost of brine pumping, and 
the consequent heat delivered to the brine through pumping. However, 
this is offset by features of safety, simplicity, and a more uniform sucio 
pressure to the compressor by having the ammonia confined to bring coolers 
under immediate control. 

The general application of € 
pipeline refrigeration is most 2200 
successful in market districts 2000 
where the demand for service is Y. 
in confined territory. Power is 5 1900 | 
the greatest item of expense, ? poo 6 
and, therefore, the cost per ton 5 


"| 


of refrigeration delivered to the © 800 ЧЕЙ Я 
system should be kept to а min- 3 оо EE H 
imum (Fig. 29). $ O 40 80 120 160 200 240 280 320 360 400 


Pipeline systems should be Tons of Refrigeration ın 24 Hours 
equipped with instruments to Tyg, 20.—Brine flow required for varying tòn- 
obtain data properly, and rec- nages of refrigeration, 
ords should be kept of such 
items as tons of refrigeration delivered to the system, cost of power to deliver 
а ton, ete. 

Insulation Values of Building Materials (see Flow of Heat, Вес. 7, 
рр. 951]. and 996). 
important, factor in insulation is the perfection of construction, which 
is subject to wide variations. Unless the joints are carefully made and air- 
tight, moisture will get in and freeze, causing the ultimate deterioration of 
the insulation. This is probably the factor most responsible for the diver- 
gence in laboratory experiments and practical results. A liberal factor of 
safety should be allowed to ensure good operating results. 

Tt is customary to assume an average maximum temperature during the 
period of peak refrigerating loads. ‘The average temperatures in the United 
States may be obtained from government reports. The average temperature 
experienced during а 24-hr. period for conditions that are likely to prevail for 
в week's time should be used in making estimates. ‘The actual choice of 
the thickness of insulation for any particular case will be decided by the 
relative costs of the insulation itself and the book value of а ton of refrigeration. 

‘The standard insulation of the American Warehouse Association 
is: For the walls, ceilings, floors, partitions, ete., of cold-storage buildings, the 
insulation consists of corkboard of good quality and of medium density with 
both outer surfaces sealed by either dipping or coating with an asphaltic 
mastic, or by applying a waterproof portland cement plaster asa finish, An 
additional 14 in. of waterproof portland cement is used between the layers 
of the cork to seal the voids between the cork granules against atmospheric 
or other moisture. The standard thickness for temperatures down to 32°F. 
is two layers of 2-in. eorkboard; to this ів added 1 in, for each 15°F, below 
32°F. Piping, fittings, ete., should be covered with molded cork covering, 
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which should have its outer and inner surfaces sealed with a rubber or asphal- 
tic mastic, Standard brine-pipe covering for temperatures down to 0°Ё. 
varies from 2 to 3 in. thickness with the diameter of the pipe. Table 40 
(taken from Marks’s Handbook, 4th ed., р. 2170) shows the cubic feet of 
space cooled per linear foot of pipe in general storage. Table 41 gives per- 
tinent data on the thermal conductivities and densities of various insulating 
materials, 

Pipe Lines in CO: Plants. The present tendency is to weld all connec- 
tions in carbon dioxide plants, making provisions for expansion by means of 
bends. All pipe connections should be bent, wherever necessary, with a 
long radius. This gives the gas more chance to flow smoothly and minimizes 


Table 41. Conductivity and Density of Various Insulating Materials* 
U. В. Bureau of Standards 


"Thermal 
conductivity, 
Material | Description of material 
Ar. ы Eei 0.175 0.08 | Ideal nir spaco —— 
Air ail; аш. 0.458 8:80 | Asbestos paper and air spaces 
Air cell, f У 0:500 8.80 | Asbestos paper aud air spaces 
Asbestos mill hoard: | 0:80 | 610 | Pressed asbestos 
Asbestos wood... | 3700 | 12,0 | Asbestos and cement. 
Balsayood. | 03% 7.5 | Light and soft serosa grain 
Culorax. | 0.221 4:0 | Fluffy, finely divided mineral matter 
Cork. | 0337 5:3 | Granulated 14 tø o in, 
LS KEP ewe | 0:30 | 100 ted Je to 14 in, 
Cork бедна... 0.279 6.9 fow density 
D | 038 | 153  |Noartücial binder—high density 
| om |. Loosely packed 
| оз» | ix [m ble fibers 
| "$5 | 4x0 coated with cement. 
| ose | 250 | Soft, exible asbestos sheet 
039 | 113 | Felted vegetable fibers. 
Тойоты earth... | 058 | 45:0 | Natural blocks 
Tneulite....... | ож | то d под pulp nii 
Каро | 0.238 0:88 | Vegetable fiber Тоосу packed 
Keysto 0371 19.0 | Hair felt combined with building paper 
Linofet.. | озю | 11:3 | Vegetable fiber combined with paper 
Тао? 2 0.379 | 12:5 | Mineral wool and vegetable fibers 
Mineral жоо... ZL| 025 | 115 | Medium packed 
Mineral wool. 0.288 | 180 | Felted in blocks 
Oak wood... E | 1:000 | 380 | Across grain 
Planer shavings. = 0:417 88 | Various 
Pulp board.. +s... у 0458 | ...... | Stiff pasteboard 
Pure wool... 0.263 50 
Rock cork. 0.346 | 21.0 | Mineral wool and binder—dgid 
Slag wool. | 0 es 5 0 
Tar roofing.. 
la pine wool... | 0,958 | 340 | Across grain 
White pine wood. | 0791 32.0 | Across grain 
Wool felt | 0.363 21:0 | Flexible paper stock 


> Soo Physical and Chemical Data, Sec, 3, pp. 453-455. 


bration in the pipe lines. In the-discharge lines the gas may attain a veloc- 
ity of from 800 to 1,200 ft. per min. at a pressure of from 1000 to 1400 Ib. 
Should this gas meet a right-angled bend, it would cause a severe shock, which 
would pass to the hangers and be transmitted to the building. 
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In all large carbon dioxide pipe work, it is eustomary to anchor the lines 
to the floor and to provide cork pads so the shock will not be passed to the 
building. Elimination of all vibration is a very important factor in air- 
conditioning work. 

Brines (see also Tables 44 to 116 on specific gravity, Бес. 3, pp. 412— 
427). The brines commonly employed in refrigeration are caleium and 
sodium chlorides. The latter is cheaper but cannot be used below its 
eutectic point of —6.03°F, Calcium chloride of commercial grade does not 
operate very satisfactorily below —40°Е. The specific gravity, freezing 
point, composition by weight, and heat content per pound of solution are 
given in Tables 42 - 


and 43 which have 7 

been compiled by T Freezing Point Curves|_|~"! 

Jessup [Refrig. ol шш ши 

Eng., 22, 168-169 

(1981). ET 
While these 

brines have the -na 

great udvantage of ; 

low cost, they have -naiy 

the disadvantage Š 

of being extremely -89 

corrosive and the 

calcium brines that MA 

of throwing down 

insoluble ` precipi- -0 

tates with un- 

treated waters. -456 

Corrosion in closed 


systems can be 


largely overcome ; T 
by the addition of idee 
sodium  diehro- шю: 


mate, NaCnO;- 
2H:0, 100 lb. and р, so, 
200 Ib. being re- 

d per 1000 cu. ft. of calcium and sodium brines, respectively, Enough 
caustic is added to make the brines slightly alkaline, Та open systems using 
sodium brines, disodium phosphate, Ма:НРО,12Н:0, may be used at the rate 
of 100 lb. per 1000 eu. ft, but the solutions should be colorless to 
phenolphthaleim. Open ealeium-brine systems may be protected by adding 
zine dust at the rate of 60 Ib. per 1000 cu. ft., a little at a time. 

New brines have recently been developed in which corrosion is prevented 
by the use of buffers maintaining the proper acidity and protective colloids 
[Reinhartin Brines, Refrig. Eng., 23, 30 (1032). 

Magnesium chloride brines are used to some extent, but their eutectic 
temperature is not low enough to give them much advantage over sodium 
chloride, 

Other materials which may be used are methanol, denatured alcohol, 
ethylene glycol, and glycerin. These have been much used for protection 
of automobile radiators and are no more corrosive than water. Their main 
disadvantage is cost, but they have been used in place of brines for houso- 
hold refrigerators, A comparison of freezing points is shown in Fig. 30. 


'orpositions and freezing points of solutions, 
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‘The eutectic for the alcohols has not been determined, but it lies well below 
that of calcium chloride, The alcohols will give no difficulty from crystalliza: 


Table 44. Freezing Points and Flow Points of Ethylene Glycol, 
Methanol, Denatured Alcohol, and Glycerol* 


Composition Freezing point | Flow point 
Weight, % Volume, % CATE 
Ethylene Glycol 
10 9.10 | | -4 24.3 
20 18:39 | = 85 16.6 
30 27.86 =140 | +68 
35 32.67 =9.1 | —24 
40 37.53 | —245 – 121 
5 23 =345 | 01 
50 яз –89 | 174 
52.42 = E 
w 57.48 -5 EY] 
10 12.24 – 68 | 98 | —85 
15 18.13 -10.5 | 13.1 —в9 
20 2.5 -62| 28 EY 
25 29.50 212 | —62 = 
30 34.98 E 84 %4 
35 45 -52| 34 —® 
% %,% 3.6 -95 
Den 
по 2426 1.2 
17.75 19.58 5 167 
23.37 6.8 
2825 68 32 
34.33 — 0.2 4 | -65 
39.65 E 5 | -59 
44.85 -18.4 5 EN 
49.95 -M9 | 9 | 39.9 
54.95 39 | 4 -w3 
64.66 —з% 4| -x5 
%5% | 100% | 65% 0% | | 
10 9.6 вм | HIB 28.0 -3 26. 
20 19:30 16:62 | 29.09 2:4 | -90 15. 
E] 28.95 165 1:3 | —15,8 3. 
35 зв | 30,03 | 227 95 №9 | -Z 
40 3860 | 37 | 60:96 DM | –95 | = 3. 
45 43.43 | 3947 | e 04 -05 | -4 
50 85 | 436 | BG 65 28 — в: 
55 50 | 25 | во 75 5.9 32. 
@ 5190 | 5446 | 9598 292 | و‎ | –8: 
70 67.55 | 65.03 . 2.7 


* From Ind. Eng. Chem., 22, 1316 (1930). 


tion, but if the concentrations of the sodium and calcium brines are greater 
than 23 or 33 per cent, respectively, solid salt may deposit out. When solu- 
tions begin to freeze, their fluidity persists until some lower temperatufe is 
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reached. 'Phe temperature at which the slush of ice crystals and liquid 
ceases to flow through a l-in. pipe has arbitrarily been defined as the flow 
point [Olsen, Brunjes, and Olsen, Ind. Eng. Chem., 22, 1316 (1930)]. A 
comparison of freezing points and flow points is given in Table 44. 


Table 45. Specific Heats (Extrapolated) of Non-freezing Solutions 


| Methanol [Bose, Z. phys, Слер, 58, 585 (1907)] 


Welght, % 
10 1.04 
20 ioi | 1.04 
30 0:99 | 099 | 0.9 
% 99 | 092 EA 
50 0:86 | 086 85 
50 0:80 | 079 178 0.74 
70 03 | 072 kil 66 
80 0:66 | 06 16 57 
90 059 | 0.58 57 51 
100 0:54 | 0,52 їй % 
Ihylene Glycol (Tech. Papers, Сы 
10 1.00 
20 09$ | 0,94 
30 0:87 27 | 0.86 | 0.86 
0 0.84 E] 183 i83 | o5 | o8 
50 0.78 78 п 26 E 5 | oz | 07 
60 0.73 72 БА т 71 70 70 69 
70 070 т 169 Кој EI 68 67 67 
во 0:68 E 67 Ко E 66 65 65 
90 0:65 165 E E E 
100 0.52 150 
Glycerine ("International C 
10 0.96 
20 28 | o» 
30 189 89 
40 85 85 0.85 
» EJ 79 79 | 0.79 
@ 76 7 7 7 | oz 
» | м л! 7 m 2 | ол | on 
lt seems very probable that future developments in low-temperature 


refrigeration will require the adoption of methanol or ethanol solutions with 
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eutectic points of about. —200°F. for solutions containing 80 per cent by 
weight. 

Brine to Be Circulated. The brine required for a given condition may 
be calculated easily. ‘The heat capacity of a certain volume of brine deponds 
on the product of the density (specific gravity) and its specific heat (heat 
units required to raise 1 lb. 1°F.). For instance, the cooling effect of 100 
gal. brine in raising 4°Е. would be 

4 X 10 xXx 84 X 12 X O07 = 
Degrees Number of Weightof ^ Specific ^ Specific 
ofrange gallons ^ gallonsof gravity of heat of 

water brine brine 


800 B.t;u. 


assuming 1.2 for the specific gravity and 0.7 for the specific hent of the brine. 
These values change with each concentration of brine solution. 

If it is required to find the amount of brine per minute necessary to provide 
1 ton of refrigeration with a 4° range of temperature, the calculation becomes 


200 = number of 


Number of gallons = g 


The concentration or density of calcium or sodium chloride brines is deter- 
mined by a hydrometer, the Baumé hydrometer being largely used for the 
purpose. The density is also measured by a salinometer, which gives a 
hydrometrie reading four times that on the corresponding Baumé scale, 
For methanol, alcohol, or glycol solutions, hydrometers such as are used for 
testing antifreeze in automobile radiators may be used. 

Nessler’s Solution. То determine ammonia leakage into the brine 
Nessler’s solution is used, which is prepared as follows: Dissolve 17 д. mercuric 
ide in about 300 ec, distilled water; dissolve 35 g. potassium iodide in 
„ water. Add the former solution to the latter, with constant stirring, 
until a slight permanent red precipitate is formed. Next dissolve 120 g. 
potassium hydrate in about 200 ce. water; allow the solution to cool and then 
add fo the previous solution and make up with water to 11. Add mercuric 
chloride solution until a permanent precipitate again forms. Allow to stand 
till settled and decant off the clear solution for use, Store in gluss-stoppered 
blue bottles in в dark place. 

Tn calcium chloride brine, Nessler 


solution will form a yellow precipitate, 
but if no ammonia is present the precipitate will be almost white. In water 
or brine the precipitate will be yellow if there is but a trace of ammonia pros- 
ent, and a reddish brown if there is considerable ammonia in the sample, 

Pressure Drop and Power Required in Brine Circulation, The 
ure drop in brine pipes is determined by the rate of flow, the internal 
diameter and length of the pipe, and the viscosity of the brine. The method 
for finding the pressure drop with water has already been discussed in Вес, 
6, pp. 803 to 826 and Fig. 5. The pressure drop for brines may be found 
by multiplying the values for water by the ratio of the kinematic viscosities 
of brine and water. This factor f is given by the formula 


_ viscosity of brine | density of water 
~ viscosity of water ^ density of brine 


The viscosities of most solutions have not been experimentally determined 
at low temperatures. However, the curve obtained by plotting the logarithm 
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Table 46. Viscosities (Extrapolated) of Refrigerating Solutions 
(Centipoises) 


Sodium Chloride (Jessup, Refrig. Eng., 12, 171 (1925)] 


REFRIGERATION 


| | 
| го | ecl °С. —25°С.| 30% |з, 
We, | SP. -EF |“ ЕЕ 5 


Freezing 
point. 


+. 
HOF. 
DF, 


зоны 


wi 


ional Critical Tables" and Landolt-Borastein Tables, 5th od.) 


ixi 
то | 33 | 165 
| | 


” and Landolt Bornstein Tables 


5th ed.) 


5 
81 
41 
61 
8| 1 
5| 


Glycerol [Green and Parke, J. Soe, Chem. Ind. 88, 319 (1939)] 


E) 


1 T 1 
CM m em | 

ж | 0, | 3 
50 8 

@ 1 | 


of the absolute viscosity against the logarithm of the absolute temperature 
gives и straight line [Genereaux, Ind. Eng. Chem., 22, 1382 (1930). Extr: 
polation of this plot has given the viscosities in Table 46. Thermal conduc- 
tivities of brines are given in Table 47. 

Small-scale Refrigeration. The construction of fractional-tonnage 
refrigeration machines equipped with condenser and cooling system has 
become an important industry. They fall normally into two classes: 

1. Commercial units from 34 to 5 tons for use in retail stores, butcher shops, clubs, 
etc, 2. Household units, with ice-melting capacities of from 50 to 500 Ib. per day 
(Mio to М ton). 
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"The commercial units are nearly all compression systems, usually operated 
with electric power and using a water-cooled condenser. Intermittent- 
absorption systems of this size were popular a few years ago, but a number of 
disastrous explosions, mainly due to inexperienced operation, have rendered 
them practically obsolete. 


Table 47. Thermal Conductivities of Refrigerating Brines 


| | «© rod 


Brines | Weight, % | Temp., | per cm. por aee, per °С. 
тб... | as 2 0.001403 
25:0 32 юа! 
"ас so | m 001383 
же | 3 001315 
"месь, 3 поа x 001376 
14.5 3 001329 
20 2 001200 
29.0 E] 001238 
їснон, (7 19 0041 
5 19 100107 
E] 19 00078 
5 19 00061 
100 19 00050, 
4008. 0 " 00149. 
5 10 00104 
50 " 00079 
75 12 00059 
100 0 00047 
1Glycerine à 0 20 00140 
5 2 00119 
50 2 00101 
75 20 200081 
100 2 | 00070 
“Ethylene вую... 100 "| 00064 
th єй. 
Roy. Вос, (A) 391, 399 (1898), 


ion factors see pp. 106 and 948. 

Household machines must be automatic in operation, which, with the 
compression system, necessitates electric drive. In these systems the 
condenser is usually sir cooled, by either а fan or a combined condenser 
radiator on top of the cabinet. The refrigerants commonly used are sulfur 
dioxide, methyl chloride, ethyl chloride, and Freon (F-12). Dimethyl ether 
has been used in some German household units. Ammonia, however, is 
seldom used in machines with an air condenser, Among the household refrig- 
erators, there is only one important unit employing the absorption system, 
namely the Electrolux (cf. Continuous Absorption Systems, p. 2540). This 
unit is noiseless since it has no moving mechanical parts and gives no inter- 
ference with radio reception since it has no motor. 

"The automatic control of small machines is effected by a thermostat which 
turns off the power at any desired temperature and by an automatic pressure- 
reducing valve for maintaining a constant suction pressure. In addition to 
the automatic control many commercial units are usually equipped with brine 
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tanks for storing up refrigeration. Aleohol may be used in place of brine 
to provide a non-freesing solution and has the advantage over brine of being 
non-corrosive, 

In designing household machines it is imperative to prevent all leakage. 
This would not only ће dangerous to health but would seriously interfere 
with the operation of the machine, 

Small machines are usually Jess efficient than large ones (see Table 48), 
but their operating costs are not excessive (1 to 2 kw.-hr. per day for com- 
pression units or 50 eu. ft. gas per day for absorption units) and they have 
attained great popularity because of their convenience. They are apt to 
dehydrate the ice-box atmosphere excessively, but hydrators are now available 
for keoping materials which might spoil by 
excessively dry air. Temperatures re- 
quired for food preservation are given in 
‘Tables 49 and 50. А typical diagram of a 
small household unit is shown in Fig. 31. 

Natural Refrigeration Processes 
(Non-recirculating Systems). These 
processes, as distinguished from mechani- 
cal refrigeration processes, are those in J 
which the heat flow follows its normal 
course from a higher to a lower tempera- 
ture. They may also be distinguished 
from the conventional mechanical or ab- 
sorption systems in that the refrigerant is 
not recovered. The most important nat- 
ural refrigerant is ice, but within recent 
years solid CO» has become very popular 
and has replaced ice in several instances. 
As far back ав 1910, the evaporation of 
liquid ammonia was used for cooling re- 
frigerator cars on the Russian railways, the 
vapors being absorbed in water for recov- ^; 
ery by redistillation at convenient points. f t 
Liquid butane and propane have recently 8 EE Highpressure S0 liquid 
been applied to truck refrigeration in the ё сн sour Aur ane! apor 
same way, the vapors being used as fuel 3 ES Lor pressure razor 
in the motor (Nat. Petroleum News, Dec. Fro. 31.—Household refrigeration 
2, 1981, p. 33. “Butane-propane Gases _ unit (Kelvinator, dry aystem). 
Supplement," 2d ed., Western Business 
Papers, Los Angeles, p. 24, 1937). Chemical methods in which a solid is 
dissolved in a liquid or two solids melt and go into solution are other examples. 
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Natural ice was formerly the most important means of refrigeration, but 
ita use is steadily decreasing because of the uncertainty of both the quality 
and quantity of the supply due to changing winter conditions. А large space 
is required for storage, considerable shrinkage takes place during storage 
and it is difficult to cut up into cakes of convenient size and accurate weight 
for the retail trade. Nevertheless there are isolated communities in colder 
climates where it still can compete with the manufactured product. 

Manufactured ice is made by two methods: (1) the plate system and (2) 
the can system. In the plate system a plate at 0°F. or lower is immersed in 


Suction то 


Liquid line? 


fa | 


Compressor suction shut-off valve 
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fà 22833 
22888 
geese 

= 8 


Number of test 


E 

E 

8 

E E 

3 = 
33588 88882 23832 88888 SSIS 
35935 3838 синя geass SORS 
RNR 28385 33822 29252 28238 
ROMER тема FEARS 258 4 Ragan- 
SHSEE 82558 RSE 88858 $35823 
веле тека FOXES 52585 man 


"Tests on SO: Household Machine* 


WH3R8* 29828 53553 


4 Е 
32555 пета ЧОНАТ ОБ 


Table 48. 
Data sud results at constant room temperature, suction pressure of 15.22 Ib. 


тада 8885$ 3828$ = 
$5939 врана ЗЕЯЕН Б 


S88 528355 


> Test by L. А. Philipp and C. С. Spreen, Refrigerating Eng., 18, 75 (1927). 


Performance factor, compressor. 
Performance factor, over all... .. 


Carnot eff, 9." 
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а tank of water. Ina week's time a plate of ice about опе foot thick is formed 
which is removed from the plate by permitting hot gas from the compressor 
to run through the hollow part of the plate. While the ice is of excellent 
quality, it is non-uniform in thickness and has not found much favor in the 
retail trade. 


Table 49. Cold-storage Temperatures 


Т 
= Food articles [E Food articles т. 
Fruit | Liquida 
Apple... 3236 | Beer, ale, porter, ete... эз 
Banani 34 (Cider. : 30 
Berries, fresh... Gingo я % 
Cranberries: Wines... з 0-45 
Cantaloupes їй and Meal 
Dates, figs, sto. Buckwheat four 36-40 
Fruit, dried Corn meal.. 36-40 
Grapes. | Oat meat. 36-40 
Lemons. Wheat ou: x 56-40 
ranges... Vegetabies 
Peaches Арагы... soss 335 
Peary, watermelons, Cabbage. Ө 3435 
Mais | Carrots БЕЗ 
ре. | eis 3635 
3240 
5 
3540 
3 
3436 
da 36-40 
% 
| Cigars, tobacco... 35 
Sausage cil Fare, woolen, ct. 5 
‘Tenderloin, butis, їс : % 
Fish 4 
Fresh fish. 20 4045 
Dried ав. + 36 [oi 5 
Oysters in sll ШУ 3035 [Rous ei 2830 
Oysters in tabs, 25 | родну, dry picked... 26-28 
Canned Good Poultry ве... ! E] 
Sardines... у 35-№ | Game, to freeze. 1518 
Fruita... 35-0 | Game, after froen | 25-28 
Matos 35-0. | Poultry, to оше... mue 
Bus, Eggs, Ei Poultry, sfr fro. 25-28 
Butter... a 16-20. | Nuts, пей... 35-40 
Butters К 18-20 |Сюйаше........... 33 
Cheeses... Не 4 
Быз | 31 


In the can system, a can containing 300 or 400 lb. water is immersed in 
brine at such а temperature that the water will freeze in about 44 hr. time. 
If distilled water is used the freezing is straightforward, but, if raw, hard 
water saturated with air is used, two effects must be overcome. Unless the 
water is agitated, air bubbles will be set free and freeze into the ice giving it 
a marblelike appearance and poor strength. Agitation with low- or high- 
pressure air is the usual method of overcoming this difficulty. The dissolved 
salts in the water will also precipitate on freezing and deposit on the ice 
surface to cause discoloration. Air agitation will also prevent this effect by 
keeping the particles in suspension, but at the end of the freezing period а 
core of turbid water remains. ‘This is removed by a core sucker and replaced 
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with fresh water. The air used for agitation must be dehumidified at a 
temperature below 32°F. to avoid freezing of the pipes. Air agitation is a 
rather expensive operation but is preferable to the use of distilled water such 
аз was used in the older installations. The brine used for freezing is vigor- 
ously stirred to promote heat transfer. At the completion of freezing the 


Table 50. Favorable Conditions of Temperature and Humidity 
Artificially Created and Maintained in Various Food- 
manufacturing Processes and Storage* 


Relative 
Bakeries 
Dough rooms А в. 80 
Proof box... } 90-95 | 80-90 
Bread coolin 70 65 
Prepared powdered beverages and crisp cereals. 75 3540 
(Chewing gum И 
Rollin pond scoring chicle. 15 50 
rapping and packing 70 $ 
Ошу 
Enrobing and hand dipping. 60-65 55 
iard candy manufacturing. m. E 
Btareh room. ....... 75-85 50 
Packing. .... и 65 50 
Dairy products 
Butter manufacturing... в @ 
Chill room... 0 9 
ni 31-34 | воз 
pple storage, -85 
Avocado packing, ^ 50 
Bananas 
"Holding ripe fruit. . 5 10-75 
Holding ren fruit 58 705 
Slow реш... 60-62 90 
Normal ripening.. 64-68 % 
Fast ripening sc... 70-72 % 
Danger of chil Below 49 
Ment producta 
Buster substitutes 
‘Churn room. 70 в 
Print room. @ 60 
Chill room. 30 @ 
Cooler. u: 55 в 
Baoon slicing DET 48 
Bigg candling. 0 48 
Bugar storage. 80 35 


+ This table is offered only to demonstrate the vide variance of conditions which may bo demanded evon 
within a single plant. Food Industries, May, 1931. 


cans are immersed in water at room temperature or above to loosen the cake, 
which is then removed from the can by dumping. The саке next goes to the 
scoring machine which cuts grooyes at the points where it must be split 
up into the 25- and 50-№. lots for the retail trade. Cakes which have been 
checked or cracked аге used for crushed іс 

Tce for refrigerator cars is manufactured in plants at strategic points along 
the railroad lines, with icing platforms sufficiently long to handle a whole 
train of cars at once, The time of icing a vegetable or fruit eur with cake ice 
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is 110.234 min. A carin transit from the Rio Grande Valley to Chicago will 
use about 8 to 12 tons of ice. Many attempts have been made to refrigerate 
Cars by mechanical means, but they have not been successful in this country 
though they are used to some extent abroad. ‘The chief objection seems to be 
that no systems are wholly reliable without costly supervision. 
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Fis, —Flakice machine, 


Flakice. For numerous applications ice cakes have to be cracked up 
before they ean be used. Field has developed a machine for freezing water 
ectly in small chips or flakes (Refrig. The machine 
consists of а flexible cylinder with several metal pu separated by rubber 
strips. This cylinder is cooled internally while revolving partly submerged 
in water. A thin layer of ice freezes upon the metal panels, which is dis- 
charged from the panels as the freezing edge emerges from the water. 


„Brine supply 
3e vy 


Strainer chamber „Center pipe for oufflowing bri 
flecting roller Rear endhel. 


ka 


Center ring. 


Water Guides Кее? 
drain суйлот 


Fic. 33.—Flakice machine, longitudinal section. 


drum, 


The method of discharge is unique.. The freezing cylinder is htly 
flexible. Inside the cylinder at the point of discharge is a deflecting roller 
which distorts the circular form. The ice sheet being rigid leaves the cylinder 
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at a tangent and rolls onto a chute where it cracks up and drops into a 
bin. The relation of thickness to time of freezing is shown in Fig. 34. 
The operation of the machine is indi- 


cated by Figs. 32 and 33. 020) 
"The width of the strips depends on а 

the width of the panels, since noice forms 2 gis 

on the rubber separators because of 2 

their low thermal conductivity. The € j 

thickness is about J& in. and the length 4 

notover 2 ft. In storage, about 20 to # a 

30 per cent of the space is void. The 005 5; y 

chips are usually frozen to a temperature 2 т 

10° to 12° below 32°F. and are therefore = o 

crisp and dry. Because of their large ОЕ 

exposed surface, the chips cool water Time in Seconds 

about six times as rapidly as does p e ac AA LEURS. 

crushed ісе, rates of thickness to time of freezing. 


Pak-Ice. Another recent develop- 
ment in the manufacture of ice is the Pak-Ico machine [Taylor, Refrig. Bng. 
22, 307 (1931)]. 


A corrugated liner is fitted into an outer casing and liquid ammonia under a. 4-ft. hend 
is fed into the space between the two. The inside of the liner is filled with circulating 
water (18 ft. per seo.) whieh freezes rapidly on the liner surface to a thickness not over 
0,008 in, and is constantly removed by tool scrapers, 


‘The ice scraped off the sides is driven toward the center and carried out of the 
machine in а stream of water and transferred to a bin when the water is 
drained off. The machine may also be used to produce frozen brines, a 
eutectic mixture of salt and ice (sce Freezing Mixtures, р. 2626). 

Both the Flakice and the Pak-Ice systems dispense with the items of air 
hgitation, brine circulation, filling, and dumping cans, which, as noted above, 
ndd considerably to the cost of ice. They do not, however, produce the cakes 
of clear ice demanded by the retail trade. 

Eutectic Salt-ice Mixtures. Where temperatures lower than the freez- 
ing point of ive are d possible to freeze a salt solution to the eutectic 
temperature —6° tures have been used in sealed cans and 
carried about for the servicing of ice-cream cabinets in isolated local 
When the brine melts, the can is returned for freezing. A Flakice machine 
can be used for freezing such mixtures [Field, Refrig. Eng., 31, 95 (1936)]. 
llets,” another form of eutectic saltice mixture, have been 
1 by one of the larger metropolitan ice producers ns a substitute 
for salt and cracked ice in making homemade ice cream. 

‘The Intent hent of fusion of 1 1b. of eutectic mixture is 101 Вл. “Hence 
its reserve capacity for storing cold, although less than that of ice, 144 B. 
is considerably better than that of a cold liquid brine. 

MANUFACTURE OF SOLID CARBON DIOXIDE 


Solid carbon dioxide has become a yery important source of cold, especially 
in the handling and transportation of foods. An exhaustive discussion of 
ptoduction and uses is given by Quinn and Jones)(" Carbon Dioxide," Chaps. 
VI to УШ, Reinhold, 1936). Successful manufacture is dependent on а 
cheap supply of pure clean gas, as the product must be free from color, odor, 
taste, or any material injurious to health. The supply should be close to the 
market as there is considerable wastage in transportation. 


mi 


m b 
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The most important source of supply appears to be by product-fermentation 
gas [Jones, Ind. Eng. Chem., 28, 519, 798, 848 (1931). Other sources are 
flue gases from combustion and waste gases from lime burning. Certain 
natural gas wells also supply large quantities of gas at favorable pressures 
[Martin, Ind. Eng. Chem., 23, 256 (1931)] but are too far away from the 
market, The same may be said of other industrial sources, such ва the pro- 
duction of CO: as a by-product of the manufacture of hydrogen by the water- 
gas reaction. 

Recovery of-carbon dioxide is generally accomplished by absorption in 
cold sodium or potassium carbonate solutions. On heating, the resulting 
bicarbonate liberates COs and reverts to the carbonate. The equilibri 
concentrations for a 2N KsCOs solution (12 per cent) for a gas mixture con- 
taining 15 per cent CO: are given by Quinn and Jones (Table 51). 
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Table 51. Percentages of Carbonate and Bicarbonate at Varying 
Temperatures in a 2N K.CO, Solution with 15 Per Cent CO: at 
Atmospheric Pressure 


Temp, Kas КСО, | Kas KHOO; 
20 | 9.5 | 90.5 
40 142 858 
@ | n2 77.8 
ю | #0 66.0 
100 99 52.1 


Absorption is usually effected in coke towers and desorption in steam- 
heated lye boilers. Water vapor carried out with the gas is removed by 
condenser 

"The CO: gas is next purified by chemical reagents such as permanganate 
or dichromate, or by adsorption on activated charcoal, silica, or aluminum 
gel. ‘Traces of water vapor are removed by calcium chloride, by refrigera- 
tion, or by adsorption. 

Following purification, the gas is compressed in three- ог fourstage coni- 
pressors and is condensed. ОЙ filters or sepa ecessary to prevent 
oil contamination. The liquid carbon dioxide is the starting point fo 
manufacture of the solid, but, if there is a demand for the liquid itself, it 
may be filled into cylinders. 

Liquid carbon dioxide is transformed into solid carbon dioxide by the 
cooling effect of its own evaporation. At a temperature of 84°F. and 70 
atm., the yield of solid on expansion to atmospheric pressure is 0,23 lb. per 
Ib. of liquid, and 0.77 Ib. of evaporated gas must be recompressed in в three- 
or four-stage compressor. Several cycles have been devised for carrying 
out this recompression most economically. These are: (a) the simple cycle 
in which the expanded gas is simply recompressed after expansion; (b) the 
precooting cycle in which the expanded gas is allowed to cool the liquid before 
it is expanded; (6) the bleeder cycle in which the liquid is expanded in three 
stages corresponding to the three stages of the compressor, the gus flashing 
in the first expansion being sucked into the third stage of the compressor, 
that from the second expansion into the second stage, and that from the 
lust expansion into the first stage; (d) the bleeder precooling cycle, which is a 
combination of (b) and (c); (e) the pressure snow-making cycle in which the 
ice is frozen at the triple point rather than at atmospheric pressun 
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finally (f) the bigary cycle in which the liquid is cooled to some low temperature 
by an auxiliary ammonia refrigeration system. 
The power requirements of the various cycles are shown in Table 52. 


Table 52. Power Requirements for Solid CO; for Various Initial 


Temperatures* 
Kw.-hr. per Ton 


Simple, 
Ртесоойп........... | 
Bleeder. 

Bleeder precooling. 

Pressure snow making. 31: 

Binary, 7 | 
Tdeal Carnot. E. | 


* Stickney, Refrig. пр. 23, 334 (1932). 


The simple cycle obviously requires less capital investment than the 
more complicated cycles and may therefore be most satisfactory for small 
plants, The pressure snow-making cycle is used by most large plants. 
For further comparison see Rabe and Duevel, Refrig. Eng., 22, 18, 90, 260, 
388 (1931). 

‘The snow formed by any of the above cycles is in a light fluffy condition 
апа is squeezed into solid blocks (10 by 10 by 10 in.) in а hydraulic press 
at 2000 Ib. pressure. The transfer from the snow-making equipment to the 
press is effected by rabble arms. 

Numerous other processes haye been developed. Mention may ђе made 
of the Carba process in which the solid block is frozen directly without 
auxiliary pressure. Capital expenditures are low, but the regulation is 
delicate. Somewhat similar in principle are the Linde-Sürth and Agefko 
processes. The Maiuri process (Cold Storage and Produce Rev., Sept. 21, 
1931) uses an ammonia absorption system to produce temperatures of 
—76° to —94?F., which are used to cool an alcohol water bath surrounding 
freezing cans containing liquid carbon dioxide under 80 to 100 Ib. pressure. 

Solid carbon dioxide in 50-1b. blocks wrapped in paper are shipped in 
specially built refrigerator cars or trucks. When removed from the truck, 
it will not evaporate completely in 24 hours’ time on exposure to the atmos- 
phere, which is в decided advantage in handling as compared with water 
ice. Comparison of water ice and solid carbon dioxide is shown in Table 53, 


Table 53. Physical Properties of Ice and Solid CO: 


Physical Property Solid 00, | Water ioe 


Specific gravity, | 1.53 | 0:90 
Melting point, °F 109.6 | 3 
Latent heat of fusion, B | 50 | 144 
Latent hent of sublimatio: 20% 

Sensible heat of gas to 32°F. $4 

Net refrigerating effect, ВА. per Ib. | ЕД m 


In many applications solid carbon dioxide may be used directly, but in 
some applications the vapors are detrimental, and the condensation of 
moisture may produce excessive dryness in the refrigerated space. The 
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usual method of avoiding these effects is to use the solid indirectly through 
an intermediate low-freezing liquid, such as aqueous solutions of alcohol or 
methanol, the flow of whioh is regulated automatically to meet the refrigerat- 


ing requirements. 


Calcium chloride brines cannot be used as their m 


nimum. 


freezing point is —60°F. (cutectie temperature), but 75 per cent solutions of 


ethanol or methanol in water have 
eutectic temperatures of —200°F. and 
are never in danger of freezing up b 
solid COs, Systems employing au 
iliary circulating liquids are used 
extensively in truck refrigeration. 


FREEZING MIXTURES 


It is sometimes convenient to pro- 
duce соја for temporary laboratory 
use by using mixtures of ice and 
various chemicals. Temperatures 
obtained by various mixtures of this 
type are shown in Table 54. In 
Order to use such mixtures most 
effectively, both salt and ice should 
be finely divided and well stirred. 

In freezing mixtures the source of 
cold is the latent heat. of the ice and 
heat of solution of the salt. Dissolv- 
ing а salt by itself will also produce 
cold (Table 55), but this process 
usually takes place so slowly that it 
is not a practical method with ordi- 
nary laboratory reagents. Some 
commercial. preparations are ocea- 
sionally announced which are claimed 
to be effective. 

Where solid carbon dioxide is avail- 
able, cooling mixtures may be pre- 
pared by dropping the cracked solid 
into acetone, methanol, or denatured 
alcohol. 


A 


"To atmosphere 


№ 

Fre, 35.—Linde process for liquid air. 

А = air intake, 

L = low-pressure compressor. 

H = high-pressure compressor, 

В = mediumepressure tee feeding high- 
pressure compressor, 


= heat exchange 

Vi = throttling valve from high to modium 
pressure. 

Та = return line for u 
pressure a 

Уз = reducing valve for liquid air at inter- 
mediate pressure to utmospheriv. 

Та = return line for liquid air evaporated 
in passage from intermediate to 
atmospherio pressure. 

Va = draw-off valve for liquid air. 


condensed medium- 


The solid alone is not very satisfactory for cooling because it can- 


not he brought in intimate contact with the vessel to be cooled. 
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Gas Liquefaction and Separation. 
vol. 9, pt. 1, рр. 


Experimental-physik, 


(See Wien-Harms, "Handbuch der 
45-186.) The liquefaction of gases 


is effected by cooling them below their critical temperature under sufficient 


pressure to cause condensation. 
equipment is often used, but many 
critical temperatures, Consequently 
cooling by other means. 


Preeooling by conventional refrigeration 


refrigerants solidify above these low 
the final stages of liquefaction require 


Two main processes are employed in attaining these low temperatures, 


respectively, the Linde and Claude processes. 


In the Linde process, the gas 


is expanded from a high to a low pressure and cools by the Joule-Thomson 


effect, 


A schematic diagram of the proce: 
‘The operation is as follows: Dry air free of CO: 


is shown in Fig, 35. 
is compressed from a low 


pressure pı to an intermediate pressure ps, where it is combined with partially 
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precooled air at the same pressure, and further compressed to а high pressure 
2. The high-pressure air is dried and passed through а heat exchanger HE 
where it is further cooled. The throttling valve Vi cools the air by the Joule- 
Thomson effect. Part of the air liquefies, and the 
rest returns to the high-pressure compressor. The 
liquid айг from the intermediate pressure passes 
through а reducing valve to atmospheric pressure 
and boils off enough air to drop the temperature to 
the boiling point at atmospheric pressure where 
it may be collected in containers. In order to Py 
utilize heat exchange to the utmost, the tubes 
carrying the gases are gathered together in such а 
way that the low-pressure air ison the outside and 
the high-pressure air on the inside, as shown in 
Fig. 36. 

When only small quantites of liquid air are needed, a Hampson spiral may 
be used. This consists of layers of one or more spirally wound-copper tubes. 
High-pressure air is carried through these spirals and through a throttling 
valve, the uncondensed air returning "oL 
ihrough the free space around the س‎ = 
ls, 

"The Linde process can be applied 
only to gases which cool on expansion 


Fic. 36.—Linde heat ex- 


by throttling. The cooling effect BAL 
more pronounced the lower the tem f 
perature from which the expansion НЕ: 

starts, and precooling by éonventional ||| 
refrigeration systems is therefore ай- pd 
antageous. Helium and hydrogen HE. 

warm on expansion at normal tem- 3 


peratures and are therefore usually м, 
prepared in liquid form by auxiliary Г 


cooling with liquid nitrogen at low 5 
pressure, Preparation of liquid 
helium or hydrogen is, however, of + 


—Claude process for liquid air. 
L = low-pressure oomprewsor, 
Н = high-pressure compressor. 


little commercial interest. Еш. 


In the Claude (or Heylandt) proc- 


ess the compressed gas 3 i Че to HE, НЕ», HE, = heat exchangers. 
perform work in an expansion engine ауа aka papa e 

in much the same way as is the air B = tee for by-passing part of 
in в dense-air refrigerating machine, afr through expansion en- 
The work done by the expansion en- gine. 


throttling valve for final 
Joule-Thomson expansion 
to produce liquid air. 


zine could theoretically be used for 
vecompression but is so fluctuating as 
to be of little value and is usually dis- 
sipated in a brake or an electrical resistance, At very low temperatures lub- 
rieation is a serious problem. Liquid pentane is used in the more modern 
machines, The expansion engine is used not to drop the temperature to the 
point of condensation but only to precool the gas just above this point, The 
final liquefaction is by a Joule-Thomson expansion. A diagram of the Claude 
system is shown in Fig. 37. 

Although the Claude process seems inherentl; 
Linde process, the power requirements are in practi 


more efficient (han the 
се about equal. For the 
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Linde system they аге 0.6 to 1.6 hp.-hr. per Ib. of oxygen and for the Claude 
system 0.77 hp.-hr. for oxygen of 88 per cent purity. 
‘The separation of gases by liquefaction is essentially a process of fractional 


distillation and follows the same general principles (see Sec. 12). However, 
since the fractionation is carried out at low temperatures, the heat given off 
by the reflux or condensate must be raised from a low to а high temperature, 
which involves an expenditure of work. The cost of supplying this work 
is а large cost item and for that reason the horsepower-hour requirements 
per unit of gas separated is an important consideration, 

Dodge and Housem (Trane. Am. Inat. Chem. Engra., 19, 117-151 (1927)] have 
shown that the minimum work required to separate two gases by liquefaction is 
equal to the work of isothermal compression for each gus from its partial 
pressure in the mixture to the total pressure. In the specific ease of air, 
the minimum work requirement is the isothermal compression of 21 volumes 
of oxygen from a partial pressure of 0.21 to 1.00 atm. and of 79 volumes of 
nitrogen from 0.79 to 1,00 atm. In making this calculation, it is important 
io use the correct conversion factor, and the detailed calculation follows 
based on the separation of 1 mol of pure oxygen and 3.76 mols of nitrogen 
from air having an average composition of 21 per cent oxygen and 79 per cent 
nitrogen at а temperature of 273°K. (*C.). 

‘The work of isothermal compression is given by the formula 


w Г Y dP [perme = RE In 2 


The volume of a gram mol is 22.4 1. Since we ure using atmospheres as 
the unit of pressure, the gas constant R should be expressed in liter-atmos- 
pheres (R = 0.08206—Table 1, p. 617). 

"The work of isothermal compression for 1 mol of oxygen is 


1,00 
Wo = (0.05206) (273) In 557 = 34,95 Latin, 


.176 mols of nitrogen: 


1.00 


0.79, 


Wy = (3-76) (0.08206) (273) 1n = 20. 


L-atm, 


"The total work = Wy + Wy = 55.20 l-atm. 


1 L-atm. = 0.00003774 hp.-hr. (p. 104) 
1 cu. ft. = 28.32 1. 


‘Therefore, the work requirements per 1000 eu. ft. of oxygen and 3760 cu. ft. 


of nitrogen аге; 
ЭЎ - 


This is the minimum work requirement. Dodge and Housem conclude 
that the efficiency is about 10 per cent of the ideal, and the actual require- 
ments are therefore ten times larger. 

If oxygen of 80 per cent purity were required, the work expenditure would 
be somewhat less, and the calculation may be carried out as before, though 
it ig а little more involved. 


( © hp.-hr. 


Initial conditions: Ро, = 0.21 atm. 
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and 
0.79 вып. 


‘inal conditions: 
0.20 atm. 


Oxygen rich fraction: Ро, = 0.80 atm.; Рм, 


Nitrogen rich fraction: Po, 


There are now four work terms, two of which will be negative numerically, 
since the nitrogen in the oxygen fraction will be compressed from а high to a 
low pressure and similarly for the oxygen in the nitrogen fraction. 

Oxygen fractio 


Wo, = (0.8) (0.08206) (2 


0.20 
(0.2) (0.08206) (273) In === 


т; 
Г 0.79 
Nitrogen fraction: 
0.0532 
Wa, = (0.2) (0.08206) (273) In 1055 = –616 
[ 
Wy, = (3.56) (0.08206) (273) In == 14.58 
٠ 0.79 


26.26 


Net work per gram mol 
1,26 hp.-hr. 


Net work per 1000 cu. ft. of 80 per cent oxygen 


requirements if gas of slightly 


‘There is thus an appreciable saving in pow 
inferior purity will serve the purpose. 

For the separation of gases boiling below oxygen and nitrogen by liquefac- 
tion, the actual efficiency would be less than 10 per cent of the theoreti 
prevailing for the separation of air, because the 
heat of refluxing has to be elevated through a 
much wider temperature interval. Conversel; 
gases of higher boiling point сап be separated with 
somewhat greater efficiency. 

In processes for the separation of hydrogen yy yy. f 
from coke oven gas, or helium from natural gas, 7 РУ” | 
it is only necessary to condense the unwanted w 
constituents. The hydrogen and helium do not ААР 
require liquefaction. 

‘The most important practical problem їп gas 
liquefaction and separation is to reduce to a 
minimum the temperature difference at which 
heat is exchanged. All the heat transfer surfaces pig, 38,—Heat-pump. instal- 
should be clean. Heat losses to the surroundings lation, 
should be reduced Бу good insulation, and ade 
quate heat transfer surface should be provided. 

The Heat-pump Principle. Ina mechanical refrigeration system, heat 
is abstracted in one part of the cycle at а low temperature and transferred 
in another part of the cycle to а higher temperature. While mechanical 
refrigeration is primarily designed to produce a temperature lower than that 
of the environment, it can also be used to produce a higher temperature. 
"Phe first proposal of this sort was made by Lord Kelvin, who showed that a 
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more efficient utilization of heat for warming could be obtained if it were 
applied to a steam engine operating between steam temperature and outside 
atmospheric temperature, driving a refrigerating machine operating between 
outside atmospheric temperature and inside room temperature. This 
proposal has acquired considerable interest in the last few years [Steven- 
son, Faust, and Roessler, Refrig. Eng., 23, 83 (1932)]. To illustrate the 
principle, а gas engine may be considered. This has a normal over-all 
officiency of about 30 ner cent in the conversion of heat into work, А 
refrigerating machine operating between an outside freesing temperature 
(32°F.) and normal room temperature (68°) has an over-all efficiency of 
about 900 per cent for the conversion of work into heat. Accordingly 
3000 B.t.u. in the gas engine will produce 900 B.tu. of work, which will raise 
$100 B.t.u. of heat from 32°F. to 68°F. If the outside temperatures ai 

at 0°F., the refrigeration efficiency will drop to about half. Moreover, 
if heat is distributed by the ordinary type of radiator, it will have to be raised 
to a higher temperature level than 68°F. Nevertheless, assuming electric 
power at 2 cts. per kw.-hr. for driving the refrigeration unit and gas to be 
used in а gas furnace at 75 сїз. per 1000 cu. ft., the cost of hosting by the 
heat pump із only 4 per cent greater in New Orleans, Charle 
and Los Angeles, while it becomes 30 per cent greater in Washington, D. С 
(Stevenson et al., loc. ei). With lowered costs of elec! and ihe 
advantage that it can be used in summer for air conditioning, the Kelvin 
warming engine may find considerable development in the future. An 
nstallation which has been tried in practice is shown in Fi [Chawn 

Electric West, 66, 177 (1931)] abstracted in Mech. Eng., 83, 686 (1931). 

A further application of the hent-pump principle is found in the vapor 
recompression systems of evaporation (вее Sec. 8, p. 1071). 

Uses of Refrigeration. Refrigeration is а comparatively new art, 
having received its first real impetus with the development of the ammonia 
compression machine by Linde in 1873. The first important applications 
were in the food industries, which have in recent years been further extended 
by the development of "quick freezing" methods. The brewing industry 
and a number of related biochemical industries, such as baking, candy making, 
and ice-cream manufacture, demand large tonnages. The necessity of 
regulating the temperature and humidity of air in chemical industries has 
given a decided impetus to air conditioning, a field closely related to refrig- 
eration. More recently the strictly chemical industries have extensively 
adopted refrigeration processes, and most chemical plants employ artifi- 
cooling for the control of delicate chemical operations which require 
cooling when carried out in the laboratory. Aside from the control of 
reactions, refrigeration is most commonly used for the separation of materials 
h in general become less and less compatible as the temperature is 
lowered. Recovery of sodium nitrate from с separation in oil 
refining, recovery of condensable vapors (casing-head gasoline in natural gas, 
30: in the sulfuric acid manufacture, ammonia in the Haber process, nitrogen 
oxides in the oxidation of ammonia to nitric acid), “salting out" in soap 
manufacture—all are examples of diverse processes which are based on this 
general principle, Most of the details of actual processes are kept more or 
less secret, but it is fairly evident that the art of refrigeration is an important 
tool for the chemical engineer. 
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ELECTRICITY AND ELECTRICAL ENGINEERING 


DEFINITIONS—UNITS* 


The electron is the elementary charge or quantity of electricity. 

Any ultimate carrier of electricity is called an ion. It may be an electron, 
or a charged atom, molecule or group of molecules. 

Current (J, i) is the rate of flow of electricity. The unit, the ampere 
(amp.) is equal to a flow of 1 coulomb (6.285 X 10:8 electrons) pér second. 
The fundamental measurement of the ampere is determined by the deposition 
of silver from a silver nitrate solution (sce p. 2723). 

Potential difference (E, e, or V, v) or electromotive force (v.m.f.) is the 
force or pressure causing current to flow in в circuit. The unit, the volt, 
is based on a standard primary cell. "The "normal" Weston cadmium cell 
has a potential of 1.0183 volts at 20°C. (see p. 2725). Electromagnetically, 
1 volt is induced in a conductor cutting magnetic flux at the rate of 10% lines 
per second. 

Resistance (Р, г) is the property of a circuit (or substance) opposing the 
flow of current and causing heat when current flows. The unit, the ohm (0), 
is the resistance which limits the current, caused by 1 volt, to lamp. One 
ampere flowing through a l-ohm resistance produces heat at the rate of 1 
watt (107 ergs per sec.). 

Resistivity (р) is the specific resistance of a substance usually е 
in ohms per centimeter cube, or ohms per circular-mil-foot. А circular- 
mil-foot is в conductor having a length of 1 ft. and a uniform cross section which 
is 0.001 іп. in diam. The resistance of a cir.-mil-ft. of copper at 20°C. is 
10,371 ohms, and at 60°С,, 12.0 ohms, 

Conductance (G, g) is the property of a circuit which permits the flow of 
electricity. The unit, the mho, is the reciprocal of the ohm. 

Inductance (L) is a circuit property expressing the ratio of flux linkages 
(total flux times number of turns) to the current producing the flux. The 
unit, the henry, equals 10% flux linkages per ampere. Self-inductance is this 
ratio referring to flux linkages with the circuit producing the flux; mutual 
inductance is the ratio referring to flux linkages with one circuit caused by 
current in a neighboring circuit. 

Capacitance (С) expresses the ability of а circuit to hold or store electric 
charges. The unit, the farad, is the capacitance which will store 1 coulomb 
for each volt. Commonly the microfarad is used, which is one-millionth 
of a farad. 

Dielectric constant (e) is the specific inductive capacity of a material. 
It is equal to the ratio of the capacitances of two condensers of identical size: 
one using the particular dielectric, the other using air or a vacuum as the 
dielectric. 

Dielectric strength (5) is the rupturing strength of an insulating material 
when subjected to voltage stress. It is usually expressed in volts per mil 
or volts per millimeter or multiples thereof. Actually the breakdown varies 
with the shape of the electrodes and does not increase in proportion to the 
thickness of the material. 

Frequency (f) is the number of cycles of alternating current per second, 


pressed 


+ Рог more complete definitions вее “Report on Proposed American Standard Defi- 
nitions of Electrical Terms," American Institute of Electrical Engineers, August, 1932. 
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Reactance (X) is the property of alternating-current circuits opposing 
the flow of current due to inductance or capacitance. The unit is the ohm. 
‘The reactance is equal to 27/7, for inductive circuits and to 1 / (2/0) for capacitive 
circuits. When inductive reactance, Xz, and capacitive reactance, Хо, sre 
both present, their effects oppose one another and, in a series circuit, the total 

=X, — Хе. 

Impedance (2) is the property of alternsting-current, circuits opposing 
the flow of current, combining the effects of resistance and reactance. The 
unit, the ohm, is the impedance requiring 1 yolt to cause 1 amp. to flow: 
2 = у FA 

Admittance (Y) is the reciprocal of impedance; the unit is the mho. 

Magnetic flux ($) is the magnetic flow or lines of magnetic force through 
a magnetic circuit, The unit, the maxwell, is one line. 

Flux density (B) is the flux per unit area, The unit, the gauss, is 1 
maxwell per square centimeter. Flux density is also expressed in lines per 
square inch. 

Magnetomotive force (m.m.f.) is the force which causes flux in a magnet 
circuit. The unit, the gilbert, is equal to 1.257 amp.-turns. Frequently 
magnetomotive force is expressed in ampere-turns. 

Reluctance (Q) is the magnetic resistance to flux. ‘The unit reluctance 
limits the flux to 1 maxwell with a m.m.f. of 1 gilbert. 

Magnetic field intensity (Н) is the m m.f. per unit length of path usually 
expressed in gilberts (or ampero-turns) per centimeter (or per inch). 

Permeability (и) is the magnetic conductivity of a material. The per- 
menbility of air and many other substances is unity. 

Power (P, р) is the rate of supplying or developing energy. The unit, the 
watt, is the power delivered by 1 volt with 1 amp. flowing (unity power fac- 
tor). Опе horsepower equals 746 watts; 1 kw. = 1.34 hp. 

Energy (W, w) is the capacity for doing work. The unit, the watthour 
is the energy supplied or developed by 1 wattin 1 hr, The kilowatt-hour, 
1000 watthours, is the common unit for billing energy (occasionally but 
erroneously this is abbreviated to the form kilowatt), 


Table 1. Electrical and Magnetic Units 


Quantity. Symbol | Practical unit | 


Ж Coulomb 
Current 
Tilectromotive fo 
Resistance 
Inductance 
Capacitance 
Magnetic flux 
Flux denei 
Power. snn 


Energy. 


10 
Watt-socond | 107 10 
Watthour | 36x10 | 36x10 


Я 
» 


* For a given quantity, m is the ratio of the number of electromagnetic unita to the number of practical 
unite, or m is the ratio of the magnitude or sise of a practical unit to the magnitude of an eleetromagnetic 
unit, 

{ Por a given quantity, 5 is the ratio of the number of electrostatic unita to the number of practical unit 
or S is the ratio of the magnitude or size of a practical unit to the magnitude of an electrostatic unit. 
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Volt-amperes (Va), frequently called the apparent power, is the product 
of volts and amperes in a circuit. At unity power factor, the volt-amperes 
equal the watts. 

Power factor (P. F.) is the ratio of the power to the volt-amperes and hence 
must be equal to, or tess than, L0. The volt-amperes in an alternating-cur- 
rent circuit are frequently greater than the watts due to the effect of induc- 
tance or capacity: Р.Е. = W/Va = cos б, where @ is the angular phase 
difference between voltage and current. 

Reactive volt-amperes (vars) is the component of the volt-amperes not 


producing power: Vars = EI sin 0 and the total Va = у из + vars’ 


ELECTRICAL CIRCUITS 


Each circuit to carry current must be completed from source through 
apparatus and back to source. 

Direct current or continuous current is unidirectional and practically 
non-pulsating, although there may be some variation due to the commutators 
of generators, 

Ohm's law for any part or parts of a circuit: 


In a series circuit (Fig. 1): 


I, = I = Is ete. 
XE = Е, +E: + В + GE. 
ER = Ка + Rs + Ra RR. 
In a parallel circuit (Fig. 2): 
LA 
2I 


p»: 
R 

In combination circuits, compute equivalent values for each group and 
then combine group values. 

Kirchhoff's laws: (1) The algebraic sum of the currents at апу, point must 
equal zero; or the currents coming into в point must equal the currente leav- 
ing. (2) The algebraic sum of the voltages about а complete loop in a circuit 
must equal zero; or between any two points the voltage must be the same 
as determined over each path. 

Resistances: 


в 


where / is length and а is area, їп same terms as resistivity. pis nearly соп- 
stant for any given material except for temperature changes. For different 
materials resistivity ranges from microhms to megohms per centimeter cube 
(Tables 2 and 3): 

pi = pall + alt — t) 


or 


= poll + att — te)] 
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where p, is the resistivity at any temperature f; ps is the resistivity at 20°С.; 
is the temperature coefficient of resistance and is equal to 0.00393 for copper 
at 20°C. (Tuble 2); and po is the resistivity at 0°С. 

The effective resistance in alternating-current circuits increases at higher 
frequencies due to non-uniform distribution of currents and due to losses. 


Table2. Conductors and Resistances 


№: Resistivity, mierohms | Temperature coefficient, | Maximum working 
PL per cm. cube, ps аз temperature, "C. 
Aluminum | 240 0.00421 
Carbon (filament) 4050 —- 00054 
Graph 1365 —0.00028 
Copper 132 0 00393 
Tron! 9 0.00634 
перф e | ae | 0.00367 
Mercury 959 | 000089 
Nickel 224 0.00491 500 
Platinum | 10:6 0.00369 
Silver | 1:62 | 0.00361 
Tin. 0.0040 
Tungsten. | 55 0.00454 
Ао", 3 5:92 0.00325 
Allo: 
‘Advance, и 4849 0.00001 ко 0,00002 500 
Alumel 33 0.0012 
Brass. 57 | 0,004 to 0.002 
Вгоше 318 | 0:005 
Calido | 110 0.00012 1000 
Chat Iron. 57-114 
Chromel. 70-110 0.00011 to 0,00054 
Climax | 57. 0.00067 600 
Constantan. | “да —0.00004 to +-0 00001 
Duralumin. 335 
German silvai 17-41 0.00004 to 0.00038 
Ydesl 9 0 000005 500 
Там... 75 0.002 
Karma... 103 0.0001 1150 
Lucero. 0.00076 500 
Manganin. —0:00003 to —0.00002) 100 
Monel. 0.000020 0.002 | 900 
rome 0.0004 ta 0.00005 1000 
Nichrome ЇЇ 0.00015 | 
Nichrome ПТ 0.000510 0.00019) 1100 
Nichroma IV. 0 00018 1150 
Phosphor bronse. 003 to 0.004 
Swedish iron. | | 002 
Welding iron 0.006 
‘The resistivity and temperature coefficients are based on data in the "International CritleaT 


vol. 6, p. 159, McGraw-Hill, and are subject to variation with Lhe commercial composition of the 


and with the heat treatment. 


Power in a direct-current circuit is equal to the product of volta and 
amperes: 
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и 


Table 3. 


Resistivity p, dielectrio strength S for samples of given thickness and the dielectric 
1з used as insulators 


constant e of mate 


EI ун 


PR 


Е 
Energy is the power for a given time ог I*Rt = ЕП. 


Dielectric Properties 
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Material hms per |k, pormm, | Thickness of] ¢ 
| 
Asbestos paper. axi | 4 D 2 
Cellulose, | 10° 3975 
“ NE | 355 0.02 
+, vuleanised.. | 5 to 20 x № 8-18 1 575 
6 ü 
Fish paper. 10-15. 9.11.2 
Glass. 10” to 104 230 1.4 5-85 
Pyrex... a 104 134 6.35 48 
Maple, paraffined, 3x 100 45 15 44 
Marble. 10° to 10: 24 25 83 
Mica, 10 to 107 80-200 0.05 21525 
Oil, transformer. {2 to 15 x 108] 10-25 3.81 
Paraffin 10:0 to 5X 1089) 15-50 1.9-2.3 
Petrolatum.. |2 to 10 x и 20 2.5 2.2 
Phenolic insulating mate 104 to 108 9-280 5075 
Porcelain | 10 to 10 12-28 5 446 
Prabal 10 125 025.0 
Rubber, hard. | 3x 05 10-38. 19.5 3 
Rubber, soft vuleanized. |1 to 18 x 108] 1 21 
Silica, fused. | 5x10 35 
Slate 108 6075 
Soapstone 6x 105 
Varnished eambrie, 3555 
Woods, bard, dry iii 105 30 
Note. ‘These values are based on data in the "International Critical Tables," vol. 2, pp. 310-311, 


MoGtaw-Hill, and are subject to considerable variation with temperature and moisture conditious, 
eotrie strength decreases with thicker pieces of material 


Alternating current varies periodically in magnitude and dir 
| alternating current approximates the sine wave and in this 


Commerei: 


discussion sine waves will be assumed. 


where ¢ is the instantaneous value, f is frequenc; 


Эл/ї is the angle in radians. 


= Emax Sin 2nft 


ction 


1 ів time in seconds and 


"The effective value of alternating current (or voltage) gives the same 


heating effect in a resistance circuit as the corresponding direc! 


current, 


Inasmuch as the heating is proportional to the squared value, the effective 
value of slternating current is obtained by taking the square root of the 


average of the instantaneous squared values. 


root-mean-square value and is designated as E ог I. 


Е = 0.107Е maz and Г = 0.707Imaz- 


This is referred to as the 


For sine waves, 
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Average value of alternating current or voltage over a complete cycle is 
zero. The average value of a half cycle of a sine wave is 2/7 times the maxi- 
mum, hence Hay = 0.636 „„». This value has little importance. It is 
used with the effective value as a ratio to designate the form factor. Form 
factor is E,j /Ез-.. For а sine wave the form factor is 1.11. 

In non-induetive circuits the current is in phase with the voltage (Fig. 3), 
i.c., it reaches a maximum value at the same time as the voltage and passes 
through zero with the voltage. 
When the circuit (or portion of the 
circuit) contains resistance only, the 
current is in phase with the voltage 
and the following relations hold: 


е =; Emor = Ты; Е = IR 


Inductive circuits require addi- 
tional voltage; since the alternating 
current produces alternating flux 
and this change of flux induces а 
voltage, it is necessary to impress 
additional voltage (for а given cur- Î 
rent) to overcome the induced volt- Fro. 3.—8ine waves; non-inductive circuit, 
age. For a circuit containing ("Standard Handbook for Electrical Епітет 
inductance only, the current is out McGraw-Hill, 1988.) 
of phase with the voltage lagging it by a quarter cycle or 90 deg, If 


Logs sin Зи 


then 
е = 2rfLIndz сов т]! = Enaz сов ЖД 


where 2xfL is the inductive reactance (X), and Xmas = Emax and XI = E. 

In a circuit, containing resistance and inductance, the current, and voltage 
not in phase, the current Ings the voltage by an angle 0; where 0 = tan 
R. The e.m.f. may be Е 
divided into components E, 
and Ej, where the current is 
їп phase with the resistance 
component Æ, and lags by 
90 deg. the inductance 
(reactive) component № 
(Fig. 4). E 

Capacitive circuits 
also have a phase difference / 
hetween the voltage and 
current. Inasmuch as 
capacitance absorbs cou- 
lombs in proportion to the 
voltage, the rate of absorb- 
ing (the current) is propor- 
tional to the rate of change 
of voltage. Hence the current is maximum when the voltage is changing 
fastest (at zero) and the current leads the voltage by 90 deg. for a circuit 
containing capacitance only. If 

i = Imoz sin Zaft 


(b) 


Fig. 4— Voltage and current relations in series cireuit 
òf resistance and inductance. (a) Sine waves; (b) 
vectors. 
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then 


ХТнох сов 2xft 


maz сов 27ft 


70) 
where 1/(27/C) is the capacity reactance and X Imaz = Emar and ХТ = In 
a circuit containing resistance and capacity reactance, the current leads the 
voltage by ап angle where tan 0 = X/R. The e.m.f. may be divided into 
components E, and E; with the current in phase with the resistance com- 
ponent E, and leading by 90 deg. the capacity (reactive) component 2. 
(Fig. 5). 
In а cireuit containing resistance, inductance, and capacitance, 


E 2 (Е: — Е): = VUR) + (Xi — 1X)* = 12 
Я 2 
R 
tan 9 == 
an сов 9 7 


Resonance in a circuit containing inductance and capacity exists when the 
reactance due to each is equal; the current is limited only by resistance in tho 
series circuit, and the Е 
voltages across the 
reactances are equal 
and opposite and may 
be very large. Under 
this condition f= 
1/(2r VLC) and is the 

atural frequency of the 
circuit. This is the fre- 
quency at which such a 
circuit tendstooscillate. 
By changing the value 
oi L and/or C, the (а) 
вд Fro. 5.—Voltage and current relations in series circuit of 


be adjusted to any ~ 
desired value as ја “stance and capacitance. (а) Sine waves; (b) vectors, | 


radio sending and receiving sets, 

Vector representation is commonly used for indicating magnitude and 
phase position of alternating currents and voltages. Each vector is the 
expression of a sine wave; it rotates counterclockwise, one revolution per eyele, 
hence only one frequency can be shown on a diagram. The vectors are pic- 
tured in an instantaneous position and may be added or subtracted to obtain 
the same results as by adding or subtracting sine waves. Figures 4b and 5b 
show the same relations as the sine waves of Figs. 4a and 5a, respeotively. 
The lengths of vectors are usually shown as effective values to an arbitrary 
scale. 

‘The energy in an alternating-current circuit is the integrated produet of | 
the instantaneous voltage and current. The energy delivered to inductance 
or to capacitance is stored during a portion of the cycle and then returned; 
hence it does not affect the average energy. The energy for a period ¢ is 
ЕП! cos 0. The angle 0 is the phase displacement between Е and I,sndcos@ | 
is called the power factor. 

Power in an alternating-current circuit is the instantaneous product of 
the voltage and current. Since e and i are sine waves, the product of the 
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instantaneous values is в sine wave of 


double frequency, hence the power in a n d 
single-phase circuit is pulsating. The dw 
E, 


average value of power is 92° 
EIR رع‎ 
W = JR = = = ЕТ cos 0 
s (=) (0) 
Polyphase systems are commonly Е, 

used because of better economy in gener- Е 
ation and transmission, and permit more T Е, 
rugged motors with а uniform delivered Ec РА 
torque. Such a system has two or more 
e.m.fs. displaced in phase by a definite E E2 
amount with respect to опе another. E Е, 
The common polyphase systems аге г 
three phase, two phase, and six phase. Ез E, 
Figure 6 shows the displaced voltage © @ 


vectors of these systems. 
A balanced polyphase system has Fro. 6.—Polyphase systoms—voltaxe 
equal loads in all the phases. Although Vectors. (a) Three-phase; (b) two- 
in each phase the power is pulsating, the Phase; (©) four-phase phase. 
total power in a balanced 
polyphase system is 


R 2) 5 
constant. 
Calculations for а poly- № 
phase system are normally 
made for each phase and 
then the results combined. 


(d) si 


Three-phase Y system 
(Fig.7). The line volta 
nre equal to the vector 
differences of the phase 
E vector — ұта. 7—Three-phuse system, Y-conneotion and cor- 
responding vectors of voltage and current for 1.0 
power factor. 


Us = Ёю—Ё 1 
For balanced phase voltages, 
Er = УЗВ» Ер = line volt- „ АС 
апогапа Ер = phase voltage. 
3 


The line currents are the 
phase currents. 

Three-phase Delta 
System (Fig 8). The line 
voltages are the phase volt- 
ages, Er = E The line 
currents equal the vector Fie, S—'Three-phase system, delta-connection 
difference of the phase and corresponding vectors of voltage and current for 
currents: 1.0 power factor, 


voltages. U 
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For balanced loads, 1ь = ^//315, Ir = line current and Tp = phase current. 


Polyphase power is the sum of the power in the individual phases. For 
the three-phase balanced Y system 
= 3E,I, cos 0 
where @ is the angle between Ep and 1, but 


т EL P 
Ey = УЗЕ, In = l}, P = (=). cos 9 = УЗЕТ cos 8 


and for а balanced А aystem 
Р = ЗЕ„1„ cos б 


but 
Ey = Ер Тр = УЗУР = sz (2) cos 0 
v. 
Hence P , сов 0 (the same as in the Y system) 


Polyphase power 
may be determined by W W 
metering the power in | jg 


each phase. When tl 


а ви TV 


nected the number of LA 
meter elements re- 
quired to measure the 


power is equal io the 
number of wires less — m 
E on Ee ESTE ae Five aigu urge ATG SICA Na 
Sho the тошоп cone Sent in По semen vin rsen 
SCIES See ATA авот здлар ик сын 
two-phase and three- 

phase circuits, Although single-phase wattmeters are shown, the elements 
may be mounted to actuate a single shaft in a polyphase wattmeter. 


MAGNETIC CIRCUITS 

Flux lines are continuous throughout the magnetic circuit. Flux lines are 
represented ns having direction from north poles to south poles externally. 
The poles аге the areas where the flux lines leave or enter magnetic materia 
Rowland’s law (the magnetic Ohm's law); 


m.m.f. 
mam. = $9; 9-72 
In series circuits (Vig. 11): 
фф و کد‎ = | 
Хва. 2gnginfa +m mda + + + + | 


X6 = Я, +9: + Фа +8. +... 
In parallel circuits (Ti 


mm, = man.fa = 
= +4: + - 


УФ A 
1 1 H 
Ха Ca E 
In combination circuits, compute equivalent 
values for each group and then combine group values. 
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Reluctance. 


where 1 is the length, а is the area, and џ is the permeability. 
The permeability varies greatly in magnetic materials with the flux density 
(Fig. 13). In different materials the permeability varies from about 1.0 to 


mi 

a осп Induction КЫЕНЫ! 
ta | |— 
= П 
1 у 
Е 
[4 Hn 
5 
=| fal, 
{ + | 
i 
P 

| 

° Magnetizing Force (H) 


Fra, 18.—Variation of permeability and magnetic induction with magnotising force. 
("Properties and Testing of Magnetic Materials," McGraw-Hill, 1927.) 
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52 în 0.6.8. Xlectramagnetie Vita 
Fic, 14,—Normal magnetization characteristics, ("Standard Handbook for Blectricot 
Engineers," McGraw-Hill, 1922.) 

5000, or even to 10,000. In the case of special heat-treated alloys very high 
permeability (nearly 170,000) has been obtained [Zlec. J., 28, 386 (1981); 
Franklin Inst., 195, 621 (1923), 206, 503 (1928)], at relatively low field 
intensities. Commercial irons have a permeability of about 2000. 

With such a limited range of permeabilities the actual flux path is indefinite: 
there is a considerable leakage flux. This, coupled with the variation in 
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permeability with flux density, makes it impossible to calculate magnetic 
circuits with the same precision as electric circuits. Most calculations involv 
ing magnetic materials use (B-H) magnetization curves directly rather than 
permeability (see Fig. 14). In electrical apparatus the iron is normally 
magnetized to a point near the knee (where the curve bends rapidly) of the 
magnetization curve. 

Energy is stored in the magnetic field; it must be supplied when the field is 
established and is returned when the field is destroyed. Energy is not neces- 
sary to maintain а magnetic field, although, if the field is produced electrically, 
energy is required to supply the copper loss of the magnetizing сој 

Hysteresis loss occurs in iron with a changing magnetic flux and is atirib- 
uted 10 a molecular friction. With an alternating flux, this loss in watts ia 
Ру = nfBmaz* 1077 per unit volume, where 7 is the hysteresis coefficient, f 
is the frequency, and Выох is the maximum flux density. Silicon ati 
used to reduce the hysteresis loss. 


Table 4. Values of Hysteretic Constant* 


Material " 

Hard tungsten stec! 4 0,058 
Нага nickel. 0.039 
Hard cast stoel 0.025 
Cast iron. 0:018 
Soft nickel. ...... 0.013 
Cust steel... 0.012 
Cobalt 0,012 
Electrolytic iron. 0.009 
Annealed east steel uM 0:008 
Ordinary sheet iron тут eges. 0.004 
Annealed iron sheet. 0.002 
Silicon steel. . i 0.0000 
Beat silicon stoel 0.0006 


* Data from J. Franklin Inat., 170, 1-25 (1910), 


Eddy currents are caused by voltages induced in the iron by a changing 
flux and tend to oppose the change of the flux. Eddy-current losses in iron 
subjected to a pulsating or alternating flux are reduced by laminating the | 
circuit; this increases the length of path of the secondary currents and hence | 
increases the resistance of their paths. With an alternating flux, the eddy- 
current loss per unit volume із 


Р, = ЗВ ны 


where 4 is the thickness of the laminations and 
the resistivity of the iron, the wave shape of the 
fiux distribution in the iron, 


ELECTRIC AND MAGNETIC RELATIONS 
Magnetic flux from electric current (Fig. 15): 


Is a constant varying with 
induced voltages, and tho 


where NI = ampere-turns, Я and @ = flux. 
Direction of flux lines is teversed if direction of current is reversed (Fig. 15). 

Electromotive force (Fig. 16) is induced in a conductor in a magnetic 
field (a) when there is relative physical motion of conductor with respect to 
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the field, or (b) when there is change in magnitude of the field interlinking 
the conductor. 


where 2 is the number of conductors cutting the flux ¢ in £ seconds; № is the 
number of turns. The direction of induced e.m.f. is reversed if in (a) the 
direction of motion is reversed or if the 
field is in the opposite direction, and in (b) 
if the field is increasing or if the field is in the 
opposite direction and decreasing. The 
direction of induced e.m.f. is such as to cause 
а current tending to oppose the change, 
Mechanical force (Fig. 17) is exerted 
on a conductor carrying current when in 
в magnetic field, tending to move the con- 
ductor perpendicularly with respect to both Current away from observer 
the conductor and the field. 


Р = ЕВИ 

k = 8.83 X 1078 when F is the force in 
pounds, i the effective length of conductor 
in inches, B the component of flux density perpendicular to the conductor in 
lines per square inch, and Z the current in amperes. ık = 10.2 X 1077 when F 
is in kilograms, 2 in centimeters, and В in gauss. 


Dirsction 
af Hu 


(8) Current toward observer 


Fra. 15—Magnetic flux produced 
by electric current, 


pDirection of flux. 


FILM 
Direction of. Их 
Е Е фар тез» р" 
Vor decreasing Sd داه‎ тсс, 
набот, ла FAR 
(а) (b) (b) 
Fra, 16.—Direction of induced Fra, 17.—Foree on conductor carry- 


ems (а) For maximum em f., ing current in magnetic feld. (a) 

flux, motion und conductor are Direction of force, perpendicular to flux 

mutually perpendicular; (b) елы. and current; (b) distortion of Вих lines 
in coil by changing of flux due to current. 

ic with it. 


Electrical machines consist of interlinked magnetic and electric circuits, 
usually fairly simple in nature, although in some cases the interactions become 
quite involved. [ron is the usual magnetic material and copper the electrical 
material, hence these together with various forms of insulation are the prin- 
cipal materials used in construction. 
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Photoelectric action is the liberation of electrons from matter under the 
influence of electromagnetic radiation. The number of electrons emitted is 
directly proportional to the quantity of light absorbed by the irradiated sur- 
face; their velocity varies directly with the frequency of the incident light. 
Since energy is required to release an electron, and since the quantum of 
energy in a light wave is function of the frequency, it follows that only 
light above a given frequency will cause the emission of electrons from a given 
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substance. This threshold frequency is a property of the emitting material 
and for most metals lies in or near the ultra-violet region of the spectrum; 
the alkali metals have a threshold frequency in or near the infra-red of the 
spectrum and are, therefore, good emitters when subjected to ordinary lumi- 
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Fic. 18— Typical characteristics of photoelectrie tubes. (Courtesy of G-M Laboratories.) 
nous radiation. In addition to the normal action of metals as deseribed above, 


certain metals, including the alkalies, show a selective action whereby the 
emission has a sort of resonance maximum at a given frequency when the 
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electromagnetic radiation is plane polarized so that its electric vector has а 
component perpendicular to the emitting surface. 

The application of photoelectric tubes is confined to the utilization of 
one of the following characteristics of light: (1) quantity; (2) color or wave 
length; (3) plane of polarization; (4) angle of incidence. Since the cathodes 
of commercial cells are not optically plane, the 
last two are not applicable with such cells. The 
current obtained from photoelectric cells is of the Г 1. 
order of 10 microamp, per lumen; to utilize the 47 
photoelectrie effect some form of amplification is `$! 
necessary, The two methods in general use are: 5: 
(1) that due to ionization by collision in a gas-filled “4 
cell (see Conduction of Electricity through Gases) 
and (2) thermionic amplification of direct currents 
(see Thermionies). 

Curves showing the electrical 
typical photoelectrie tubes are given in Fig. 18. 
‘Two typical thermionic amplifier circuits for use with 
photoelectric tubes are also shown, the first (Fig. 19) 
being adapted to static or low-frequency amplification and the second 
(Fig. 20) to use where the light source is modulated (Campbell and Ritchio, 
“ Photoelectric Cells,” Pitman, 1929). 

Piezoelectricity. Certain asymmetrical crystals, of which quartz, 
“tourmaline, and rochelle salt are typical, have the property of producing 
electrical charges on th 
surface when they are 2,005 mite, „ЛОРА, 
stressed 


a 


19.—Photoelectrie 
aracteristies of tube connected to one- 

stage amplifier and relay. 
(Courtesy ој G-M Labora 
tories.) 


mechani os 
and, conversely, of ex- ] next stoge 
periencing ^ mechanical 


strain where electrically 
stressed. Both of these ggl 
effects are called piezoedec- 0" 
trie; the former is called 
the direct effect and the 
latter the converse effect. -Bp 945 (490 
The direct effect has been 
used for measuring ex. 
plosion pressures and the 
converse effect is now in very general use for the stabilization of thermionic 
oscillators [Cady, Inst, Rad. Eng., 10, 83 (1922)]. 

Thermoelectricity.* If the junctions of two metals composing an electric 
cireuit are held at different temperatures a thermal e.m.{. will exist around 
the circuit. To а close approximation and over a limited range this e.m.f. 
is directly proportional to the temperature difference between the two junc- 
tions, In practice it is customary either to hold one junction at some fixed 
temperature or else to compensate automatically for any variations which it 
undergoes. Thermoelectric instruments are in quite general use for the meas- 
urement of temperatures and of high-frequency currents (see Table 5 and 
p. 2062). 


Fro. 20.—Amplificr for modulated light sources. 
(Courteay of G-M Laboratories.) 
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‘The measurement of the magnitude of any phenomenon is usually based 
upon some effect produced by it. The effects utilized in electrical measuring 
devices are (1) electromagnetic, (2) electrostatic, (3) thermal, and (4) chemical. 


* See р. 2062. See р. 2082. 
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Temperature, 
(a (oa 
i Platin- а 
vos) | Chromel | Chromel | Tran: Роби] vola) 
copel | alumel constantan] goi 
° 0 0 0 0 0 0 0 0 
5| 15 | m % 131 1 м7 16 25 
10 | 195 E 186 Am | 2 265 260 » 
Bl m 365 27 335 3 374 364 72 
0 | 35 483 367 49 4 D 461 » 
25 | 45 600 457 513 5 578 353 us 
30 | 4 719 56 607 é 65 СЦ 16 
35 5 ыз 62 694 7 769 725 156 
0 970 713 779 8 861 806 176 
% по 792 866 9 950 зи 195 
50 871 954 10 1037 959 из 
5 К 50 | m4 11 H2 | 1032 m 
@ 1136 12 2% | no 250 
B 9 | 1173 268 
и 1372 | 1242 285 
5 из | ви 302 
в | ву | ва 320 
17 1620 1447 336 
| 5 | 1704 1515 | 353 
*" International Critical Tables," vol. 1, р. 59, McGraw-Hill, 


+10 per cent Rh; 40 per cent Pd. 


Electrical measuring devices which merely indicate, such as ammeters and 
voltmeters, are called instruments; devices which totalize with time, such 
as watthour meters and ampere-hour meters, are called meters. 

Electromagnetic instruments are all based upon the fact that the 
current-carrying circuit has a force exerted проп it when located in a magnetic 
field. These instruments may be classified by types as follows: (1) The 
moving-magnet type in which a permanent magnet is caused to move under 
the influence of an electric current; (2) The moving-coil type in which the 
stationary and movable elements of (1) are interchanged; (2) the moving- 
iron type which differs from (1) in that the magnetization of the moving 
element is produced by the current in the fixed coil; (4) the dynamometer 
type in which two coils, one fixed and one movable, exert a force upon each 
other; (5) the induction type which operates on the same principle as the 
induction motor. 

Electrostatic instruments are all based upon the general law that а 
charged body tends to move so as to increase the electrostatic field associated 
with i 

Thermal instruments are based upon one of two effects: (1) the expan- 
sion of a wire with heat, or (2) the generation of an c.m.f. when one junction 
of two dissimilar metals is raised to a higher temperature than the other. 
‘The second type is the more common; the voltage developed is applied to a 
direct-current instrument (see Thermoelectricity, p. 2653 and p. 2062). 
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Chemical instruments are based on Faraday's law of electrolysis, 
Electromagnetic instruments constitute the great bulk of commercial 
meters. Electrostatic instruments аге used шашу on high voltages or as 
precise laboratory instruments. The chief importance of thermal instruments 


Voltmeter 
(a) High Resistance (b) Low Resistance 


а, 21,—Connections for voltmeter and ammeter to obtain minimum effect of power 
taken by instruments, (Dawes, “Electrical Engineering,” vol. 1, McGraw-Hill, 1927,) 


is for high-frequency measurements and chemical instruments are seldom used 
except as standards, Accordingly, the discussion which follows will be limited 
to instruments of the first class. 

All electromagnetic instruments are essentially ammeters in that the 
deflection of the needle is an effect produced by the flow of current. When 
used ав a voltmeter, а large impedance (normally a pure resistance) is inserted 


m 
CEES 


Fra, 22.—Internal and external connectious of wattmeter. (Dawe, "Electrical Engi- 
neering,” vol. 1, McGraw-Hill, 1027.) 


in the current-carrying circuit. With constant impedance, the current is 
proportional to the voltage across the terminals and so the scale may be 


calibrated in yolts. 
"When both an ammeter and a voltmeter are used simultaneously one of two 
errors is inevitable; the ammeter may read the current through the voltmeter 
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as well за through tne load, or the voltmeter may read the potential drop 
across the ammeter as well as across the load. The magnitude of the load 
resistance is the factor that decides which method shall be used. Figure 
21 shows the correct and incorrect way of making a measurement in the case 
of a high and also 4 low resistance. 

A wattmeter is made by having the current in one element proportional 
to the load current and the current in the other element proportional to the 
load voltage. The two currents react upon each other to produce a deflection 
proportional to the average product of voltage and current. The wiring 
diagram of a single-phase wattmeter is shown in Fig. 22. 

When measuring three-phase power, it is customary to use the two-watt- 
meter method, the wiring diagram of which is shown in Fig, 10. When 
using this method the power factor of the Јова may be determined from 
the two wattmeter readings as indicated by the nomogram of Fig. 23. А 
polyphase wattmeter is merely a two-wattmeter arrangement under a 
single cover, both elements acting on a single shaft, 

The range of any instrument may be extended by the use of a multiplier 
or shunt in the case of direct current or by an instrument transformer in the 
сазе of alternating current. А multiplier is a large resistance inserted in 
series with а voltage element so that only а small fraction of the total voltuge 
will appear across the instrument terminals; similarly, a shunt is а low resist- 
ance used to by-pass n large portion of a given current around an ammeter. 
In self-contained instruments the multiplier or shunt is mounted inside the 
саве. Instrument transformers, either potential or current, serve the 
same purposes in the case of alternating current; they have the addi- 
tional advantage of insulating the measuring instruments from the main 
circu: 

The errors encountered in the operation of these instruments are usually 
due to опе of two causes: (1) improper handling or (2) ezternal or stray field». 
Although the weight of the moving element is only a few grams, the pressure 
on the pivot may vary from 1 to 100 tons per square inch; consequently 
great care should be exercised to prevent shock or impact, otherwise the 
pivot will mushroom or the bearing jewel crack, thus causing large and erratio 
errors. Stray or external fields are objectionable because they modify the 
fields existing due to the quantity measured. Most modern instruments 
are enclosed in a steel case to eliminate these effects; nevertheless it is well 
to avoid proximity to all known sources of such disturbance, 

Certain instruments, for instance, the power-factor meter or the syn- 
chroscope, are made without a control spring. In such instruments the mov- 
ing element. comes to rest when its field nt maximum value coincides with 
а rotating field similar to that in a polyphase induction motor. 

Recording instruments are based on the same general principles as the 
indicating instruments. А clock-work mechanism is added which draws а 
sheet of ruled paper under an indicator equipped with a pen and inkwell 
во that a permanent record is obtained. (See р. 2017.) 

Integrating meters, such as the watthour meter, are essentially small 
motors of very slow speed so adjusted that the speed of rotation is proportional 
to the power absorbed. The moving element drives a gear train which inte- 
grates the number of revolutions mnde and so the energy utilized. 

Besides these instruments and meters, however, there are several compari- 
son instruments which enable two quantities of the same or related kinda 
to be compared. Such for example are: (1) the potentiometer for compar- 
ing e.m.fe. with the e.m.f. of a standard cell, and (2) the Wheatstone's- 
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bridge for comparing two resistances, or its prototype, the alternating-curremy 
bridge, for comparing impedances, inductances, capacitances, etc. 


10 м 0 
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Fia, 23.—Power factor of balanced three-phase system from readings of single-phase 


wattn 

‘The potentiometer or opposition principle is that if two equal and 
opposing e.m.fs, are inserted in a circuit, no current flows in that circuit. 
The theory of the method may be readily obtained from a study of Fig. 24. 
The battery E, is a Weston cadmium cell which has the property of giving а 
very constant e.m.f., the value of which is certified by the maker or the U, S. 
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Bureau oi Standards. With switch К in the upper position and M and M^ 
set to the scale reading corresponding to the standard cell voltage, r is adjusted 
until the galvanometer shows no deflection. R is merely a protective resist- 
ance for the galvanometer. This fixes the value of the working current and 
in commercial instruments the scale will now read volts directly. Switch 
К is now thrown to the lower position and M and М” 
readjusted until the galvanometer again shows no 
deflection. Then the unknown voltage is equal to the 
scale reading between M and М”. 

‘The volt box is used merely to intercept a definite 
fraction of the unknown voltage in order to bring it 
within the scale of the instrument. It is apparent 
that the unknown voltage supplies no current to the 
potentiometer when it is being measured; that the 
measurement is independent of galvanometer cali- 
bration; that the source of working current (Ba) mus 
be very constant; that the ratio of the various resist- 
ances must be exactly as indicated on the scale. 
Current may be determined by measuring the voltage 
drop across a standard resistance. (For details see 
Leeds and Northrup, Вий. 755.) 

The principle enumerated above may be applied 
to alternating-current measurements also, but with 
much less accuracy due to the facts that (1) there 
is no source of alternating potential comparable to Pro, 24 — Рова 
the standard cell for direct potential and (2) that ® * O 
alternating potentials may differ from each other 
in (а) magnitude, (b) phase, (с) frequency, and (4) wave form, whereas 
direct potentials may differ only in magnitude. Additional difficulties 
with this type of measurement will appear in the discussion of the 
Wheatstone’s-bridge principle. (For information concerning alternating- 
current potentiometers see: Larsen, Elektrotech. Z., (V) 41, 1039 (1910); 
Drysdule, Electrician, 75, 157 (1915); Drysdale, J. 
inst. Elec, Eng., 68, 339 (1930). 

The simplest method of determining the 
resistance or impedance of a given clement is 
40 send a known current through the element and 
measure the drop of potential across its terminals. 
The ratio of volts to amperes gives the impedance 
in ohms of the element. 

For precision measurements using alternating 
current as well as direct current, recourse is often 
had io the Wheatstone's bridge principle. 
"The circuit used is illustrated in 25. Sisthe 
standard and X the unknown. At balance there , F Я : 
з = bridge circuit. Zi and 2: 
is no current through the detector во that one pnown impedances; D, d 
current flows through 24 and S and the other рада devices X, thc unc 
through Zs and X. Also, at balance the two known; S, a standard 
terminals of the detector are at the same potential impedance, 
and, therefore, 


omoter 


Fra. —Wheatstone 


П = Ір? 


апа 


IgX = 118 
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Multiplying the two equations term by term, 
ПРАХ = 1178 
or 
ZX = 2.5 q 
or 


When using direct current, all the impedances are pure resistances, and Eq, (1) 
becomes №Х = RS. When using alternating current, however, the imped- 
ances may contain inductance or capacitance, in which сазе the balance 
conditions become more complicated. In the direct-current саво the voltages 
across the various arms may differ only in magnitude, but in this case they 
may differ in phase as well. If harmonies are present they may also differ 
in wave form, but this condition should be avoided if possible, When imped- 
ances contain reactive components they are ordinarily considered as complex 
quantities or plane vectors, i.e., two-dimensional vectors. 

‘The conventional notation ia 

Z = R + jX = |2\/0, or [21/6 

In all cases |Z| represents the magnitude of the impedance in ohms; Æ + jX is composed 
of two components which have their maximum obstructing effect at times which differ 
by а quarter of a cycle; their effective impedance is therefore obtained by combining 
them at right angles and obtaining the resultant as in a vector diagram of forces; the 
plus sign is used when the reactance is inductive and the minus sign when it is capacitive. 
‘This notation is quite simple where only addition or subtraction is involved, but where 

ultiplication or division is involved the second notation is preferable. Thus 


Z= R+ jx = |2|/0 


ог 
Z=R-j3 


= 12 
wh 9 = tannig 
here азр 


When multiplying take the product of the amplitudes to obtain the resultant ampli- 
tude and the sum of the angles to obtuin the resultant angle; when dividing take the 
quotient of the amplitudes to obtain the resultant amplitude and the difference of the 
angles to obtain the resultant angle. 


In general all four impedances will be complex во that Eq. (1) сап be broken 
up into two equations, one containing only real components and one the 
quadrature components. Thus 


ZX = 258 
or 
(Rs + 3X) 0t. + IX) = (Ез + 7K) (t ХӘ) 
or 
2/0х/0, = 25/6530, 
or 


AX /% + 0, = 228/0. + 6, 


Thus, in the general case, two conditions must be fulfilled for balance. 
1. Amplitude balance 

ZX = 2:5 
2. Angular balance 


[0 +% = /% +9, 
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In the actual operation of the bridge, some systematized procedure 
must be adopted to obtain first one balance, then the other, then return to 
the first and check, and so on, since phase and amplitude balance are not 
independent. 

‘The chief sources of error in the alternating-current bridge are: (1) 
imperfect standards; (2) stray fields or currents. 

The effect of an imperfect standard may be readily obtained from the 
above equation. Thus if Zı and Z: are supposed to be pure resistances and 
of equal magnitude, 0: and @: have no effect on the balance. If the standards 
are unequal, or if Z: and X are interchanged, the imperfections of the standard 
may have a large effect. 

In the simple explanation of the theory of operation, it was assumed that 
all currents were confined to the indicated paths and that, only the source 
produced any effective voltage. Stray currents or stray flelds will vitiate 
these assumptions. The remedy, particularly at high frequencies, is suitably 
to shield the network. Care should be exercised яв poor shielding is worse 
than none at all. For а good description of bridge shielding see Shackelton 
and Ferguson, Am. Inst. Elec. Eng., 46, 519 (1927). 

Although the bridge is designed basically for the comparison of impedances, 
it has been applied successfully to a number of uses in which the quantity 
to be measured is a function of the impedance or vice versa, Such varied 
applications include the measurement of frequency and time, humidity, per- 
centage of СО; in flue gas, temperature, and dielectric loss. 

A bridge bas its maximum sensitivity: where (1) the impedance of the 
total bridge network is equal to the impedance of the source; (2) the imped- 
ance of the detector is equal to the impedance measured external to the 
detector; (3) the branches all have the same impedance. To summarize, 
use a high-impedance detector with high-impedance arms and source and 
vice versa. 

"The source of alternating current is usually a thermionic oscillator. For 
direct-current work, a storage battery is used. 

"The means of detection is usually: (1) a vibration galvanometer for fre- 
quencies between 50 and 300; (2) в telephone for frequencies from 300 to 
3000; (3) a thermionic detector or a heterodyne method for higher frequencies. 
For direct-current work, either а moving сой or a moving magnet galva- 
nometer may be used. 


CONDUCTION OF ELECTRICITY THROUGH GASES 

A gas in its normal state is а very poor conductor of electricity due to 
absence of ions, or carriers of electricity. Апу ultimate carrier of electric 
charge, be it molecule, atom, or electron, is called an ion, These carriers 
are present in small quantities under all conditions and a plentiful supply 
may be engendered in a variety of ways. The source of these carriers may be 
the gas itself or its container or the electrodes of the discharge; usually all 
of these sources contribute to the supply. 

‘There are three major methods for releasing ions, usually electrons, from 
solid bodies. These are: heat (thermionics), light (photoclectrics), and 
positive-ion bombardment. ‘The mechanism of the first two is discussed else- 
where; that of the third is somewhat obscure but seems to be similar in effect 
to a mechanical impact. The major cause of the production of ions in gases 
is electron impact with an atom or molecule. Y 

If voltage be applied between two electrodes in а gas at a pressure, of 10 
to 1000 mm. Hg, the resultant current-voltage curve is given by Fig. 26. 
At very low potentials the characteristic is practically linear (Ohm’s law). 
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The carriérs in this case are the few ions which seer to be omnipresent. 

Between В and С the current is saturated due to the fact that all of these 

available carriers are being drawn to the electrodes and по new carriers 

аге being generated. At С these carriers are being so ao 

electric field that the electrons possess sufficient 

kinetic energy to release new electrons by impact Е 

with the gas molecules, The current consequently = 

begins to increase. This increase is accumulative 5 

until at D the positive ions, which resulted from 5 

the relense of free electrons from the gas molecules, У = 

acquire sufficient kinetio energy to ionize and the А рее 

current increases very rapidly. Between Electrodes: 
‘The phenomena which occur in this region depend Fig,  26—Gaseous-dis- 

upon many factors, chief of which are the shape, charge characteristic, 

size, and material of the electrodes and the voltage 

regulation of the source of energy With 

sources having poor voltage regulation, the ] 

voltage will drop with increase of current аз 

shown in Fig. 27. Hence a higher voltage is I 

required to start the discharge than to main- 

tain it. This type of response is made use 


of in gaseous glow tubes as voltage regulators. 
With sources having very poor regulation, the 

diseharge may be instantaneous in the form of E E, 
а spark. lf the voltage is maintained во — pig, — 27.—Gaseous-diacharge 


that the electrodes become heated due to characteristic. (Moyer and Woe 
ionic bombardment, electrons being emitted rel, “ Radio Handbook,” MeGrav- 
from the heated cathode, the discharge is Hill, 1981.) 
self-sustaining and is called an aro. 

It is found that for а given distance d, 
between electrodes, there is a critical pre 
sure Py, at which the spark will most 
readily pass. This potential is called 
the minimum sparking potential for E 
the gas and electrode material in question. 
It varies from 60 to 400 volts, the lower 
values applying when electrodes of the 
electropositive metals are used. Рог any 
given distance between plates it is alw. 
possible to find some pressure at which а ахР 
spark passes at this minimum potential. ^ Fro,28.—Minimum sparking poten- 
At higher preasures the mean free path tial related to gas pressure Р and 
of the gas is so short that higher potentials distance d between electrodes. (Moy- 
are required to accelerate the electrons er and Wi 
sufficiently to cause ionization; at lower 
pressures the probabilities of an electron striking a neutral gas molecule 
are reduced. It is found that Ped is a constant for any gas and that above 
Ps, if the electric field is uniform, the sparking potential is proportional to Pd. 
In other words, the sparking potential is proportional to the mass of gaa 
between the electrodes. This is called Paschen’s law (Fig. 28). It should 
be noted that under the proper conditions a short length of gas makes a 
better insulator than а long one. 

Аз the pressure is reduced, the discharge gradually loses its spark charac- 
teristic and spreads out toward the walls of the tube and takes on the appear- 
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ance of aglow discharge. At about 1 mm. Hg pressure we have the famiiar 
Geissler tube effects (Fig. 29). Here the discharge has actually broken up 
and, going from anode to cathode, has а positive column (glow), a Faraday 
dark space, a negative glow, a cathode dark space, and a cathode glow. In 
some cases the positive column is striated, especially if the gas is contaminated 
by a small amount of another gas. With further reduction in pressure the 


Anode Positive columns Cathode glow Cathode | 


Phys., 3, 192 (1931). 


negative glow and cathode dark space increase in length while the positive 
column recedes to the anode. Finally the whole tube becomes dark and we 
have what is known as the dark discharge. 

At about 1 mm. Hg pressure the discharge is characterized by its cathode 
fall of potential, which is that sharp drop of potential which occurs within 
а few millimeters of the cathode. When the cathode fall is normal its value 
is equal to the minimum sparking potential, and the eathode glow covers only 
a portion of the cathode. The current density is then about 0.4 milliamp. per 
sq. em. and varies directly as the pressure. When the current: increases во 


Table 6. Minimum Sparking Potentials for Various Atmospheres 
and Electrode Materials* 


Potentials in volts for electrodes of 


Gas g 
№ | x 
185 2 
178 | 170 
80 | 6 


* Reprinted by permission from Cady and Dates, "Illuminating Engineering," Wiley. 


that the glow extends over the entire cathode, the current density increases 
and the cathode fall of potential increases to abnormal values, sometimes 
reaching thousands of volts. 

At very low pressures, the discharge is not self-sustaining—the discharge 
does not itself produce ions to replace those drawn to the electrodes—and, 
therefore, some external source of ionization, ss heat, light, or X-rays, is 
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required to maintain the discharge. With modern X-ray tubes, hundreds of 
thousands or even millions of volts may be required to produce a current of а 
few milliamperes in the absence of such ionizing agents. 


THERMIONIC TUBES 


‘The applications of thermionic tubes which are of most use to the chem- 
1 engineer are probably in the field of measurement and control. In these 
fields they are useful to him in various ways: as oscillators they provide a 
source of current over a practically unlimited range of readily adjustable 
frequency; as amplifiers they increase the sensitivity, and hence precision, 
of measurement and control; moreover, they enable one to work with very 
small voltages and currents, a distinct advantage in measurements such аз 
that of the conductance of electrolytes; as detectors they provide a very 
versatile electrical indicator and in the heterodyne arrangement enable one to 
apply audible methods to the range of supersonic frequencies. 

‘The outstanding advantages of thermionic tubes as messurement or con- 
trol instruments are: (1) the extremely атай! influence they exert upon the 
circuit which is being tested; (2) the wide range of frequency and amplitude 
over. which observations may be made; and (3) the high sensitivity which 
they make possible. Their outstanding disadvantage is the variability 
of tube and associated apparatus with time, making it necessary to use sub- 
stitution methods or frequent calibrations where high accuracy is desired 

The fundamental phenomena of thermionic tubes have been well 
described by Irving Langmuir in an article entitled The Pure Electron Dis- 
charge, Gen. Elec. Rer, 18, p. 

327, 1915. A good textbook 
on thermionic tubes is Terman, 

* Radio Engineering,” McGraw- 
Hill, New York, 1937. For our 
purposes it is sufficient to note 
that although в vacuum is 
ordinarily an almost perfect 
insulator, it may be made a 
fair conductor by releasing free 
electrons within the enclosure. 
In the thermionic tube this is 
accomplished by heating the 
filament or cathode; the mecha- 
nism of this emission is closely _ 
analogous to the evaporation 
of water upon the application 
of heat. Under working con- 
ditions not all the “evaporated” Fra. 30.—TI 
electrons are drawn to the plate 

or anode, which is held at a relatively high positive potential with respect 
to the cathode by means of an external В battery, In consequence a cloud 
of free electrons called the space charge gathers in the region between anode 
and cathode and exerts a repulsive or resistive effect on other electrons trying 
to reach the anode. In the triode or three-clectrode tube a metallic grid or 
mesh, usually held at small negative potential with respect to the cathode 
Бу means of a С battery, is inserted into this space-charge region and, by its 
tendency to neutralize or reinforce the space-charge effect as its potential is 
varied, gives а powerful and sensitive means of controlling the current between 


ube characteristics, 
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cathode and anode. It should be noted that the grid acts as a valve which 


may be turned or controlled by a very small amount of power, whereas the 
amount of power which it in turn con- ——1—1—31 
trols, derived from the B battery, may «25V. 
be very great. 

The characteristics of a therm- 08 Е 3 
ionic tube are commonly presented 600 » 
in graphic form similar to the curves 400 49. 
of Figs. 30, and 31. The three con- Ri " SELTA 
stants of greatest importance are: the ду 
ВЫ k, whioh EET та У] 
indicates the relative effect of small = ja) 
changes of grid and plate voltages on БА 199 135V, E 
the flow of plate current; the mutual 0 $ 
conductance Gy, which indicates 60 X) 
the change in plate current produced P 5 
by а small change in grid voltage B БУДУ 
(when used to define the same change Ry Sy 
with an impedance in the external plate ¥ 
circuit, it is commonly designated by 
J's), and the internal or plate 10 m "m 


0 10 10 30 40 50 
Peak Grid, volts 
Power output тв, penk-grid 


Moyer and Woetrel, “Radio 
McGraw-Hill, 1931.) 


resistance rj, which is the ratio of a 
small change in plate voltage to the 
resultant change in plate current. 
Mathematically these becom 


= constant); ry = constant); 


„# Аб 


р № 


constant) 


From the curves in Fig. 30 it will be seen that thes 
only а limited range. 

Thermionic amplifiers for high frequencies, where the second harmonic 
is remote from the fundamental and may be eliminated by means of a tuned 
circuit, are sometimes operated over the complete tube characteristic, but 
for most purposes they are ^ 
required to be distortionless һы 
and are limited to the linear Ши 
portion. In radio work dis- 
tortionless means that the 
second harmonic is not more 
than 5 per cent of the funda- 
mental, In auch applications 
the circuits would be adjusted 
to operate about some such 
point ва A (Fig, 30). With а Fre, 32(a)—Resistance-coupled amplifier. 
sinusoidal input voltage, the (Van der Bijl, "Thermionic Vacuum Tubes,” 
grid would just reach zero during McGraw-Hill, 1920.) 
the positive half of the cycle for the same value of input which would reduce 
the plate current to the minimum Г. on the negative half of the cycle. These 
represent the two limits for Class A, or linear amplifiers. If the current goes 
below the minimum Zp, the output is no longer а true reproduction of the input 


re true constants over 
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due to the curvature of the characteristic, and, if the grid acquires a positive 
Potential, it will draw a grid current, as indicated by the curves emanating from 
Е, = 0 (Fig. 30). This current flowing through a high impedance will distort 
the input voltage, Actually the dynamic or operating characteristic will differ 
from the static characteristic due to the impedance drop in the loud, as indicated 


Fro. 32(b).—Transformer-coupled amplifier, (Van der Bijl, "Thermionie Vacuum 
Tubes," McGraw-Hill, 1920.) 
by the dotted curve through A, so that the actual potentials may differ some- 
what from those indicated by the above simple explanation, 
If the output of such a thermionic amplifier is to govern another thermionic 
tube or any other potentially operated device, the amplifier is adjusted for 
maximum yoltage amplification which occurs when Z, the external 


E 


Fra. 32(е)—Оћоке or impedance-coupled amplifier. (Van der Bijl, "Thermionie 
Vacuum Tubes," MoGrow-Hill, 1920.) 

impedance, is as large as is feasible. Under this condition the effective ampli- 

fication is uZ/(ry + 2). Note that this is always less than the nominal 

amplification, though it may be made greater by inserting a transformer. Ву 

using a transformer very high amplifications may be obtained over a limited 

range of frequency, but where a wide band is to be covered, as in the audio 
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amplifier: of в radio receiving set, transformers having a ratio of 3:1 or less 
should be used. 

If the maximum power output for a given input voltage is desired, the 
external impedance is made just equal to the internal impedance of the tube, 
If the maximum undistorted € 
power output which the tube p. 
сап handle is desired, the external 3 
impedance is made equal to twice 
the tube impedance and the input | 


voliage is raised to its limiting 4 
value. In no case should the 


input voltage be made so large 
that appreciable grid current 
flows, Where power output is 
desired, the reactance in the Lye 5 
Кышы бе ба ee Fra, 33.— Neutrodyne circuit. 

‘The precautions to be observed in operating such amplifiers are numerous 
&nd complex. Good apparatus and good electrical connections are of course 
essential. А common trouble, especially at high frequencies, is that of keep- 
ing the electrical quantities in the assigned paths and keeping all disturbances 
out. This involves the difficult and complex problem of shielding. А 
peculiar type of such disturbance occurs by means of the feed back of energy 
from the external plate circuit to the external grid circuit through the grid-to- 
plate capacitance of the tube itself. ‘This may be eliminated by menns of 
в four-element tube (screen grid) or it may be neutralized by means of an 
auxiliary balancing circuit as in the neutrodyne (Fig. 33). No high imped- 
ance should be common to two or more stages of an amplifier except that 
specifically inserted for coupling purposes. The output, voltage or power, 


Push-Pull 
Amplifier 


Batt Bak: 
Ела, $4—Push-pull amplifier circuit, (Moyer and Wostrel, " Radio Handbook," McGraw- 
Hill, 1931.) 
ів not uniform over a range of frequencies if the external impedance is a func- 
tion of frequency; at high frequencies this condition always holds owing to 
the shunting effect of the plate-to-filament capacitance of thetubeitself. The 
grid current cannot be neglected if the input circuit has a high impedance. 
With very low impedance input circuits, the tube may be operated about some 
such point as B (Fig, 30) and the grid allowed to swing to a positive potential. 


2680 
Such an arrangement will greatly increase the Plate Current 
| 


power output of the tube, but саге must be Output Wave Shape. 
exercised that the grid current has no deleterious [ A 


effect, 
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Where larger outputs are desired than can be. 
obtained with a given tube, several alternatives q7 710 TF 
present themselves: (1) Larger tubes may be ” Grid) Voltage 
used. (2) Two or more tubes may be connected 
in parallel, giving twice the output current, and Ї 
the ваше output voltage, for a given input voltage, а 
Note that the effective internal impedance then gj Wave Shape 
becomes rp/n, where n represents the number 
of tubes in parallel, (3) Two tubes may be con- сна А 


nected in push pull or back to back (Fig. 34). Plate Current tout Wave Shape 
‘This arrangement will handle twice the previous 4 
input voltage and give twice the output voltage ||| 
with the same current, Owing to the fact that | 

at any instant the distortion produced by one | 

tube tends to neutralize that produced by the туу 3 73 


- $ Secs LE 
Other, this arrangement is capable of giving ^ GridVi 
somewhat more than twice the undistorted 
output of a single tube. 1 
‘Two other classes of amplifier are worthy of ral 
mention. The Class В amplifier is normally а дору асаре 


push-pull arrangement with the operating point Class B 

fixed ator near cutoff (Fig. 35). Each tube 

carries current for one-half cycle and the output. Plate 

is essentially а true reproduction of the input. Current Output Wave Shape 
It is used at high frequencies to amplify modulat- | 


ed waves and at sudio-frequencies when high 
output and efficiency are required. Special care 
should be taken that the grid current does not 
cause distortions. The Class C amplifier is used 
only at high frequencies, and the external circuit 
is always tuned to a single frequency which it 
is desired to amplify, The tube is given a high 
negative bias so that current flows during only j 

а small fraction of а cycle. In this way the Input Wow Shape 


external circuit is periodically excited by an Clase C 
impulse of current, but the resonant action of pra, 35. Typical amplifier 
the circuit tends to minimize harmonics. This т 


arrangement gives very high efficiency but 

relatively low power amplification, due to the large amount 

of power required to excite the grid. eil | 
Oscillators are essentially amplifiers with some means of 

feeding part of the output energy back into the grid circuit | Le [ Lp 

for the purpose of maintaining the electrical vibrations, The А 

oscillations are started Бу some sort of an electrical disturbance 


such as the closing of a switch; the frequency of the oscilla- c 
tions is given by f = 1/(2т\/1.С), where L and C are, respec- „Fro. 38— 
Hartley oscil- 


tively, the inductance and capacitance of the oscillating circuit. 
Figure 36 illustrates a so-called Hartley oscillator. The circuit 
between A and B represents the output impedance of the tube and Ly 


lator. 
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furnishes the necessary feed back. L = L5 +L, + 2M, where M isthemutual 
inductance between L, and Ly. 1n order to have good wave form, the output 
impedance should be large and the feed back small. If possible the oscillator 
should be separated from the measuring 


circuit so that load variations will not afe 
affect the frequency or amplitude of the € 
oscillator output. With this arrangement Output Wove 


the oscillator may be worked at high 
efficiency, similar to Class С amplifiers 
and the wave form corrected in the inter- 
mediate circuits. 

The operation of the amplifier is limit- 
ed, for the most part, to the linear portion 
of the tube characteristic; the oscillator 
(and classes B and C amplifiers) swing 
over the entire tube characteristic; the 
operation of the detector is limited, for 
the most part, to the curvature of a tube 
characteristic. Hither the ùp — e, or the 


i, — e, characteristic may be used. From 
the diagram (Fig. 37), it is seen that а 

sinusoidal input voltage causes unequal Input Voltage 

increase and decrease of the resultant БЕЯ, 


of a 


current. The increase (in this case) of 

the average current is в measure of the 

rectification effect. Mathematical 

analysis shows that it is proportional 

to the square of the input voltage for 

small inputs, though by proper arrange- 

ments it may be made directly propor- 

tional to the input voltage for large 

voltages. 16 follows from what has just ч 

been said that detectors are relatively WT 

insensitive to small voltages. H Е 
"When the curvature of the ij — e 

characteristic is used (called grid-leak 

and condenser detection (Fig. 39), or grid- = [| * бмв 

circuit detection), the unequal changes = 

in the grid current cause the average Е 

value of the grid voltage to become more | C] 

negative; this change, amplified by the 0 

action of the tube, causes а decrease in ES 

the average value of plate current which | С 

may be observed on a direet-current |." > 

meter, Due to the amplifying action Modulated hputNave 

of the tube this method ix more sensitive pra, 88—Grid-bins detection 

for small yoltages than that described Ша ме 

below, but it has two compensating 

disadvantages: first, that grid current flows and therefore power is con- 

sumed in the input circuit; and second, that the effective input voltage 

varies with frequency owing to the effect of the condenser shunting the grid 

leak. With due саге these disadvantages may be minimized for any given 

installation. 
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When the curvature of the ip — e; characteristic is used (called plate-ciroutt 
detection) the C battery is adjusted во that operation is on the point of greatest 
curvature. This method will handle larger signals than the grid-leak and 
condenser method but is less sensitive. It consumes а minimum of power in 
the input circuit and has no frequency error until the input capacitance begins 
to have an effect (Fig. 38). 

‘A simple rectifier, being a unidirectional ri 
conductor, may also be used as a detector. 
This method of operation, called diode de- 
tection, is in very common use in radio re- 
ceiving circuits where the signal is a modulated 
ve. The detector gives an output voltage 
portional to the amplitude of the signal 
voltage and so follows the envelope of the 
signal from cycle to cycle. . In this field it has I 
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су 
the advantage of producing less distortion 

than other detectors owing to the fact that ita 

dynamic characteristic is more nearly linear ЛОВА 

than is that of other detectors, Like grid- (eor Wi) ЕНА Ма and con 
current detection this method draws current “Radio Handbooks") Д 
from the input circuit and so reduces selec- 

tivity. It із readily applicable to large signals. 

The heterodyne method (Fig. 40) of detection is used to detect very small 
inputs, In this method an auxiliary voltage of slightly different frequency 
(it is called the homodyne method if the two frequencies are the same) 
is added to the voltage to be detected in the input circuit. Тће output is then 
directly proportional to the unknown voltage and of a 
frequency equal to the difference between the unknown 
and auxiliary voltages. This method makes it possible 
io use audible methods of detection at supersonic 
Jrequencies. When the frequency of the auxiliary volt- 
‘age is known, it also enables one to determine the fre- 
quency of the unknown voltage (see also Rectifiers). 


тө. 
tector 


—Non-ossillating de- 


Fie. 40.—Connec- 
GASEOUS-DISCHARGE TUBES fins. for; heterpslyne 

"There are three distinct types of three-element, or detection. (Von der 
controlled, gaseous-discharge tubes: Thyratrons, Bil, "TAermionic 
Ignitrons, and Cold-cathode discharge tubes, 700" Tubes") 
Functionally the tubes are all similar, but their characteristics, particularly 
current-carrying capacity, differ greatly in magnitude, as shown in Table 
9 on page 2683, 

In high-vacuum tubes the flow of current is restricted by the space charge. 
When ionization occurs in a gas-filled tube, the space charge is neutralized, 
and the current approaches short-circuit values. In the thyratron and 
cold-cathode tubes this current must be restricted to definite values, depend- 
ing upon the particular tube, or the cathode will be destroyed by positive-ion 
bombardment; the ignitron has no such limitation. 

АЛ three tubes depend upon the initiation of ionization by a voltage applied 
to the control circuit. The current in the control or grid circuit of the 
thyratron and cold-cathode tube required to initiate ionization is of the 
order of a few microamperes; in the ignitron it is of the order of amperes. 
If desired, the control current of the ignitron may be supplied by the discharge 
current of a thyratron which is in turn controlled by a much smaller current. 
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Once ionization is started, the third element or grid loses all control. 
Та order for it to regain control, it is necessary to interrupt the discharge for 
a period long enough for the tube to be deionized. (Similarly, to start the 
tube, the impulse or signal must be of sufficient duration, as well as magnitude, 
to initiate ionization.) The four generally used methods of extinguishing 
the discharge are (1) use of an alternating anode voltage, (2) opening the 
anode circuit by a switch or relay, (3) application of a surge of negative 
voltage to the anode through a capacitor, and (4) overshooting of the voltage 
due to the inductance of the circuit and the dynamic characteristic of the 
tube when a capacitor is discharged through it. 


Table 9. Comparison of Gas-filled Control Tubes*t 


Characteristics | Thyratron | Tgnitron | Pold-eathode 
Current capacity... Up to 100 asp. | 5-10,000 amp. | Up to 100 ma. 
Deionigation time 10-1 sec. мє | 1O-F вво, 
Tonisation time. | эшш 10" sees приме; 
Cathode heating tie. Finite 9 0 
Doterioration in standby service Ya No No 
Accuruey of characteristics 42 тоа | Variable | £10 volta 
Sustaining voltage. 15 volts 15 volta 75 volia 


* Taken from article by Ingram in lee. Eng., July, 1939, р. 345. 

T АЙ values аге approximate only. 

The voltage required to initiate the discharge in а mercury-vapor tube 
depends upon the temperature, whereas in a tube filled with a noble gas, 
as argon, it does not. 

For refined control of the discharge the phase of the voltage applied to the 
urid may be shifted with ot to the voltage applied to the anode, In 
this way the discharge may be limited to any desired portion of one-half 
cycle. 
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RECTIFIERS 

Rectifiers are devices for converting alternating to direct current. They 
are made in such varied and diverse types that it will be possible to mention 
only a few of the more important here. 

For power work the mercury vapor arc is becoming an active competitor 
with the rotary converter. This are is not self-starting (an auxiliary device 
being normally used for that purpose) but with load is self-sustaining. The 
source of electrons is the hot spot in the pool of mercury near the cathode, 
the required heat being produced by positive-ion bombardment. The 
positive ions serve also to reduce the “space-charge effect” of the electrons 
and so to hold the voltage drop across the tube to less than 15 volts thus 
permitting good voltage regulation. Since only one of the terminals or 
electrodes is hot, it alone will serve as a source of electrons so that when 
an alternating voltage is applied to the terminals, the flow of current will 
be unidirectional. 

Where а polyphase source of energy supply is ayailable, use is frequently 
made of polyphase rectification, which has the advantage of giving 4 
more constant d.e. output with а cheaper filter. One simple way of doing 
this with a three-phase, Y-connected system is to attach the anode of each 
of three tubes to one terminal of each of the phase windings. The cathodes, 
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or common point of the three filament circuits, are connected to the positive 
bus of the d.c. load, and the common point or neutral of the three-phase 
windings is connected to the negative bus of the d.c. load. As each of the 
anodes in turn is raised in potential above the neutral point (plus the potential 
of the d.c. load), that tube conveys a pulse of energy to the d.c. load. Thus 
each tube will convey energy to the load, always in the same direction, during 
approximately one-third of a cycle. Six- 
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phase and twelve-phase rectifiers are also + 
in common use, рс 

Of the separately maintained recti- bad 
fiers, i.e., those using some auxiliary means 


to maintain the supply of free electrons, $s, | کک‎ 
three in quite general use have externally Ay 

heated cathodes as the sources of elec- 
trons. These three are the thermionic 
tubes and gascous-discharge tubes of high-voltage and low-voltage types. 

Thermionic tubes have unilateral conductivity and so may be used as 
rectifiers, Owing to the absence of gas they may be used on very high 
voltages but can pass only a very small current, limited by the saturation 
current of the cathode, and they have a high internal voltage drop. 

Hot-cathode, gaseous-discharge tubes are of two different types. The 
high-voltage type, of which the 866 tubes ог Phanotron is representative, 
contains only a small amount of mercury vapor so that the tube will still 
sustain relatively high voltages, 5000 to 7500 volts as a peak value, and in 
addition the internal voltage drop 
is lesa than 15 volts. The current, 
however, must be limited to the 
emission current of the cathode, 
since with greater currents the 
cathode fall of potential rises and 
the positive-ion hombardment i 
severe enough to strip the emit- 
ting surface from the cathode. 

"The low-voltage type, of which Fig, 41.—Rectifer and filter circuit, (Van 
the Tungar and Rectigon are der BÄI, “Phermionic Vacuum Tubes."") 
typical contain argon at 3 to 8 mm. 
pressure and will pass 10 or 12 amp. at very low voltages. ‘The maximum 
permissible voltage is only 100 to 200 volts. "The current flow may be greate 
than the emission current from the cathode since the high gas pressure pro- 
tects the cathode from excessive positive-ion bombardment, 

Several other types of rectifiers are used occasionally but only for small 
currents and small voltages. Among these are mechanical vibrators, copper 
ozide rectifiers, and point-to-plate rectifiers. 

The point-to-plate rectifier supplies small unidirectional currents 
without any accessory apparatus, such as heating transformers, ete. The 
pointed electrode has a high potential gradient around it and so will produce 
the ionisation necessary for the maintenance of the discharge, When it is 
the anode, the fast-moving electrons are easily able to reach it; when it is the 
vathode, the electrons are impeded by the gas molecules from reaching 
the anode. Highly insulated transformers are required with such tubes to 
prevent breakdown due to surges. 

Copper oxide rectifiers are, as their name implies, copper disks on which 
an oxide coating has been formed by sudden quenching. When used with 


Fic, 40a,—Polyphase rectification. 
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another electrode, such as lead, they pass current unidirectionally provided the 
current density is low. 

Filters should ђе used with all the above types of rectifiers if steady output 
voltage is desired. Ап electric filter consists essentially of electrical reservoirs 
(condensers) on the input and output ends to take up the fluctuations in source 
and load, and а choke coil to prevent these fluctuations from reaching from 
input to output and vice versa. Frequently the choke coil is split and a third 
condenser added at its mid-point. When the load resistance r does not vary, 
the circuit shown in Fig, 41 may be more desirable. 
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Rheostats are adjustable resistances for controlling various circuits. 
Wire- or strip-wound resistance units with insulating supports arranged 
with suitable switches are commonly used as field rheostats, starting boxes, 
and for other purposes. 

Carbon rheostats of the compression type are useful for fine adjustment, 
‘The resistance varies nearly inversely as the pressure, permitting a wide range 
of values. The resistance decreases with temperature increase, but this may 
not be objectionable for laboratory work. 

Slide-wire rheostats are convenient for a variety of laboratory uses. 
These are obtainable in sizes from a fraction of an ohm to several thousand 
ohms, usually for use in circuits of less than 250 volts, 

Water-cooled rheostats can be used to absorb large amounts of energy. 
Galvanized iron wire submerged in running water makes a suitable rheostat, 
where the various turns are kept apart. This is not satisfactory for con- 
tinuous operation on direct current because of slime forming on the wire. 
"The water should be kept below the boiling temperature. 

Liquid rheostats are built in а variety of forms. А plate partially lowered 
into a watertank or barrel permits a variation in resistance. Риге water is not 
suitable for voltages below 1000; for lower voltages, salt or acid is used to 
lower the resistance. For moderate amounts of energy a small pipe may be 
lowered concentrically in a tank made of a larger pipe with suitable fittings. 
‘Table 10 gives data on such rheostats made from standard wrought-iron pipe. 


Table 10. Data for Concentric-cylinder Water Rheostats* 


5 
Mid Vela | Amperes | “бды | о | 
| n. cube 
2 182 605 
5 44 242 
0 310 131 
2 | по 182 6.05 
5 110 454 24 
0 по 91.0 121 
5 по 55 242 200 
10 по 9013 [E 2000 


* Marks, ““Meehsnical Engineers’ Handbook," 3d ed., p. 2013, McGraw-Hill. 


Iron pipe is occasionally used for busbars at high voltage. It may be 
arranged as a resistor at low voltages. For alternating current the skin 
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effect increases the effective resistance over that for direct current several 
times, H. B. Dwight gives the approximate formula for the ratio of alter- 
nating-current resistance to direct-current resistance as 2xS1/buf/P, where 
5 is the area of conductor in square centimeters, P the perimeter in centi- 
meters, 5 the electric conductivity in 10 mhos per em. cube at the operating 
temperature, и the direct-current, permeability, and f the frequency, Curves 
for 2.5-in. pipe show this ratio (checked by experiments) to be about 5 to 14 
for 60 cycles [вее Elec. J., 23, 295 (1926)]. 


MAGNETS 


Magnets are used in lifting devices, in many and varied types of relays and 
in other types of apparatus. 

Permanent magnets rely on residual magnetism for their usefulness 
"The m.m.f. retained is approximately constant. The resultant constant field 
is particularly desirable for magnetos, instruments, and meters, The ability 
of steel to retain its magnetism depends on. the kind of steel, its heat treat- 
ment, and the shape of the particular piece. Short magnets tend to become 
demagnetized unless made glass hard, _ Steels with tungsten, chromium, or 
cobalt are used for permanent magnets, 

The steel to be used as a permanent magnet is usually magnetized electri- 
cally, the particular method varying with the shape of the magnet. In order 
that the field may be constant the magnet is usually overmagnetized and then 
artificially aged. Aging may be hastened by temperature, mechanical shock, 
vibration, or demagnetizing fields. 

Alloys of iron, nickel, and aluminum have been developed which have yery 
high coercive force and high residual induction. These qualities permit 
short magnets of small volume which are little affected by vibration, stray 
fields, or temperature up to 500°Е. ‘These alloys are difficult, to machine 
and аге usually cast so that а minimum of grinding to size is necessary. 
Comparative data of various materials used for permanent magnets is given 
by Williams [Blec. Eng. 85, 19 (1936)]; Webb [Inat. Elec. Eng., 82, 303 
(1938)]; and Adams (Сеп. Elec. Ren., 41, 518 (1938)]. 

Electromagnets depend on electric currents in coils for their m.m.f, and 
are usually made of soft iron so that the flux will vary with the mugnitude of 
the current in the coil. 

The pull of a magnet, where the air gap betw 
ture їз small, may be expressed by the equation 


kB? 
where F is in dynes per square centimeter, k 
В їп lines per square inch and F in pounds per s 


k = 1.39 X 1075 


With direct-current magnets the current їп the solenoid is limited by the 
resistance of the winding, giving а constant m.m.f. regardless of position of 
the armature, As the air gap is reduced, the flux density increases greatly 
increasing the pull. In order to increase the pull and reduce the time of mov- 
ing an armature, the coil is frequently wound Гог а lower voltage and is 
provided with a resistance which is automatically inserted in the coil circuit 
as the armature comes to its final position. 

Solenoids are а very common form of electromagnet, used where а rod or 
plunger is to be moved through some distance. The coil is wound on a tube 
into which the plunger is drawn, The pull increases as the plunger approaches 
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een the stop and the arma- 


0.0398, and В in gauss, For 
quare inch, 
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the center of the coil (Fig. 42), at which time the pull F in pounds is 


в САМІ 


1 


where 1 is the length of the solenoid in inche: 


the unit pull per ampere- 
turn per ineh of the coil and depends on. the proportions of the coil and the 
properties and the length of the plunger; A is the cross section of the plunger 
in square inches; and NJ is the ampere-turns 


of the coil (see Table 11). The pull may be 

increased at the end of the stroke by adding д «o Lo 

a magnetic stop (Fig. 42). ZU 000 fora 
Solenoids must be designed with sufficient = ду Mirere Tiras | 

radiating surface so that the temperature & ~ \ i: 

does not become excessive. The design must E ү) EEA № 

be sufficiently liberal so that with the increased j = 

resistance of the coil at its maximum tem- 0 

perature the required current will flow. 6 8 0 R 

solenoid may be rewound for another volt- Distance D, in, 


age by changing the size of wire. Ifasolencid Fia. 42.—Pull of solenoid on 
operates satisfactorily with Æ volts when ріш 1, Сой and plungers 
wound. with a wire of bare diameter D, it may 2« col and plunger with stop; 3, 
be. rewound with. wire of baro diameter d to Е 
operate on voltage e, where РЕ = d'e. The вате (Mors ео DE. 
new winding will occupy the same space a8 or Handbook; tid 
the old except Гог the space occupied by the 
insulation [see Brooks, Industrial Engineering, 87, 349 (1929)]. 
Magnets nre built into plates to form chucks for holding steel while it is 
being ground. Magnetic separators of many forms are built for separating 
magnetic material from other materials (see р. 1730). 


Table 11, Maximum Pull per Square Inch of Core for Solenoids with 
Open Magnetic Circuit* 


Length of thof | Area of core, | Total amp. | Мах pull, 

«ой, in, plunges, in. sq. in. turns | Ib. perag.in, | XC 
6 long 1 15000 224 9.0 
5 Long 1 11330 irs $1 
9 long 1 14200 14:6 52 
n 10 2% 4000 402 10:0 
10 10 276 60.000 616 103 
10 10 16 КИ 80.8 101 
12 Long 1 11200 3.75 94 
12 Long 1 2050 16.75 Dri 
18 36 1 15200 98 97 
18 36 j] 41/000 225 9% 
| 18 1 18200 98 97 
Mays EL | 41,000 25 DH 


= "Standard Handbook for Electrical Engineers," McGraw-Hill, 1933. 


Lifting magnets are particularly useful in handling magnetic materiala 
such as scrap iron, billets, pigs, and castings 

Alternating-current magnets inherently have considerable reactance, 
which limits the current and the flux. The relations are essentially the same 
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as in à transformer thus 
E X10" 
GAN) 


where E is the impressed voltage, f is the frequency, and N за the number of 
turns. This indicates that the flux and consequently the pull are nearly the 
same regardless of the armature position instead of increasing rapidly with 
decreased sir gaps as in the d.e. magnet, 

Owing to the fact that the flux is continuously changing the iron of the 
a.c, magnet must be laminated. The pull, being reduced to zero twice each 
cycle, causes vibration of the armature and consequently considerable noise. 
This is reduced by a shad consisting of a short-circuited coil about a 
portion of the pole, so that there is some pull on the armature at all times 
(see also Underhill, “Magnets,” MeGraw-Hill, 1924). 


ELECTRICAL WIRING 

Electrical wiring should always be installed with care and neatness; joints 
should be mechanically secure, well soldered, and taped. Care should be 
exercised to avoid the two most common faults, (a) incomplete circuits and (0) 
short circuits. АП installations should comply with the "National Electrical 
Code” and with the “ National Electrical Safety Code. 

The minimum size of wire for a particular installation must be large 
enough (a) to provide carrying capacity as indicated in the Electrical Code, 
(b) to have suficient strength on spans as indicated in Safety Code, and (c) 
во that the resistance and reactance drop permit good regulation. Regulation 
is the rise in voltage from full load to по load expressed as a percentage of the 
full-load voltage. Good regulation varies with the particular application and 
while 3 per cent may be a maximum variation for lighting, 10 per cent may be 
reasonable for moto 

‘The regulation for a direct-current circuit may ђе easily calculated, us 
the voltage change from full load to no load is the JR drop of the circuit. 
‘Phe resistance of the cireuit (two wires) may be obtained from Table 12; the 
current is determined from the load. 
Бгатре, To find the regulation of n line suppling а 
‘The line is 200 ft. long and consists of two 0000 wires. 
000 watts 
20 volts 
Resistance of 1000 ft. 0000 wire = 0.049 ohm 
Resistance of 400 ft. 0000 wire = 0.0196 ohm 
The drop = 227.3 amp. X 0.0196 ohm = 4.46 volta 
(4.46 X 100) 


Pmax 


0-с, d.o. load at 220 volta. 


= 227.3 amp. 


Regulation = = 2 per vent 


In an alternating-current circuit, the power factor of the load and 
reactance of the circuit must be taken into account. 

Ezample. To find the regülation of a three-ph 
00-kva. load of 0.8 power factor. The line is 2000 £i 
with 24-in, = 


line supplying 440 volts to a 
long and consists of three 0 wires 


2 resistance of 0 wire is 0.0983 per 1000 ft. 
From Table 12, reactance of 0 wire is 0.121 per 1000 ft. at the given spacing 
Resistance of 2000 ft. = 0.197 
Renetance of 2000 fi 242 
Calculations should be per phase. Assume Y connection. 
Kilovolt-amperes per phase = 30 
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Volts per phase, £40/+/3 = 254 
Amperes per phase, 30,000/254 
IR drop per phase, 0.196 X 118 
TX drop per phase, 0.240 X 118 = 28.3 
Referring to vector diagram Е cos ё = 203.2 and E sin 
в = 1524. 
203.2 + 23.2 = 226.4 
1524 + 28.3 = 180.7 
Sending voltage per phase = 
289.5 


Sending voltage = 280.5۷3 = 5014 
(501.4 — 440)100 
440 =) 
The most economical size of wire is that which gives the lowest annual 
cost. The annual cost consists of the fixed or capital costs (interest on invest- 
ment, depreciation, and taxes) and the cost of energy (copper losses) in the 
Table 12. Wire Table 


Regulation = per cent. 


| 
be, | Resetance pee wire per 1000 ft, | Allowable 
| us seein iterate | acrid ава. 
an aeri [ity in amperes, 
wie | omis | ith rubber 
име т [6% |. |а, | 41 (в. шшш 
zu M = | = 
1,000,000) 1.152 |3,090 | 0.0108 0.079 0.095 377 
800,000 17031 |2470 | 0:0135 0:082 0.098 340 
600000 0:893 | 1.850 | 0.0180 0:085 0:101 293 
500,000] 0.85 (1:540 | 0.0216 10:087 0.103. 265 
400,000] 0:728 |1240 | 0:0270 pp. 105 25 
300000 0.630 | 926 | 0.0361 0.092 0.108 198 
250000] 0.575 | 772 | 0.0433 0:095 0:11 17 
0000 | 211.600] 0:460 | 653 | 0.0490 10.0970: 13 160 
000 | 167800 0.410 | 518 | 0.008 0:099 0:115 138 
00 | 135,100] 0:365 | 41 | 00779 шры 12 
0| 105500 0.325 | 306 | 0.0263 (0.1050. 121 105 
1| 83690] 0.269 | 258 | 0:124 10:10700:123, 91 
2| 66370] 0.258 | 205 | 01% 10:11010:126 80 
4| AM) 0.204 | 12 | 02% 0.11500: 31 60 
6 50 0,162 | 79.5) 03% рл в 
8| 16510] 0.128 | 50.0) 0.628 0.126 0.142 35 
10| 10380 0.102 | 31:4] 0:09 i ee 25 
12| 6520 o0 | 198 1:59 ППП 20 
M| 417 0.064 | 124 252 15 
16 | 25583) 0.051 | 78 4:02 5 5 7 
w| пеи 0.00] 4s єз b | | xil 5 


Note, Values for wire sises larger than 0000 аге for stranded wire. Allowable current-carrying 
capacity is for code rubber insulation without more than three conductors in raceway. as shown in the 
1040 National Electrical Code, Greater current is allowed for other insulations and for conductors in 
open air. 
wires. In general, the minimum annual cost will be found for that size of wire 
for which the fixed cost is equal to the cost of energy loss in the wire, This 
ire size may be larger than the permissible minimu: It is desirable when 
installing electrical wiring to anticipate future increase of loads. 

The higher the voltage the less the copper required for a given load. Since 
the load is equal to ET, if the voltage is doubled the current is halved and the 
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copper cross section may be halved for the same current density or reduced to 
one-fourth for the same percentage voltage drop. When voltages are 
inereased, the insulation problems and hazards to employees working on live 
cireuits are increased. Hence, for industrial motors, 440 (460) volts is the 
common maximum, although larger motors are operated at 2300, 6600, and at 
13,200 volts. For lighting, 115-volt lamps are more rugged than 230-volt 
lamps. Hence three-wire circuits are frequently used for lighting (see Figs. 
54 and 55). 

For the best economy and regulation, the loads on the two aides of a three- 
wire cireuit should be approximately balanced. Likewise in connecting 
single-phase loads to а polyphase circuit, the phase loads should at all times 
be approximately balanced. Polyphase motors normally draw balanced cur- 
rents tending to decrease the effect of other loads which may not be balanced. 
‘The maximum permissible unbalance depends on the particular installation 
and would, in general, be about 10 to 15 per cent of the full-load value. 

Approximate Values of Wire. No. 10 wire has an approximate diameter 
of 0.1 in. a cross section of 10,000 circular mils, and a resistance of about 
1 ohm рег 1000 ft. The cross section doubles for every third size of wi 
(smaller size number), and the resistance is reduced to one-half. Again, the 
cross section increases tenfold for ten sizes of wire and the resistance ia 
one-tenth. 


COST OF POWER 

The rates for energy from a utility to an industrial consumer must include 
items to cover the fixed charges and operating costa of the utility. ‘These costs 
are similar to those of a privately owned plant. 

The demand charge in the rate is to cover a portion of the fixed charges. 
‘This demand charge is usually based on the maximum 15-min. load, inasmuch 
as the utility must have available sufficient generating and distributing equip- 
ment to supply that lond. Since the peak load of all industries will not occur 
during the same period, the demand charge is less thun the fixed charges for 
an equivalent private plant. Since the apparatus to supply a given amount 
of power is determined by the voltage and the current, the required rating 
is greater if the power factor is low, and, therefore, the demand charge is 
frequently based on kilovolt-amperes rather than kilowatts. 

The energy charge in the rate must cover the operating costs including 
coal, labor, distribution losses, etc., and frequently includes some of the fixed 
charges. This charge, per kilowatt-hour, may be decrensed with increase 
of kilowatt-hours used. 

Owing to better efficiency and lower first cost of large units, and frequently 
better operating conditions and diversity of loads, power from a utility costs 
less than that from an industrial power plant, except in the case of unusual 
local conditions, such as large steam requirements for process work. 

"The true cost of power in an industry should be valued in terms of increased 
efficiency of labor, better product, etc. In most industries the cost of power 
is less than 4 per cent of the value added by the manufacture of the product. 
It may, therefore, be economical to add a large percentage to the cost of 
apparatus or power, provided it will increase the value of the product by a 
small amount. 


ILLUMINATION 
Correct lighting has proved its ability to increase production economically, 
to give greater comfort to workmen, and to reduce accidents. Because of the 
proved value of inereased illumination, lighting standards have been gradually 
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raised. Good illumination requires light of suficient intensity in the correct 
place, without glare, and usually with only soft shadows. 


Table 13, Recommended Levels of Illumination for Industrial 
Interiors* 
Т 1 
Foot-candles | Foot-candlea 
recommended] от 
Aisles, stairways, passageways. 3-2 Offices (Continued) 
Ageing || Close work. 15-10 
Rough. 8-5 | | No close work. 10-8 

Medium, 12-8 | Distbution of mailin pois.) 1210 

Fine. Sa^ 20-2. |. Drafting room, Bas 

Extra fine. : 100-25 

Chemical Work: | 4 6-4 

"and furnaces, boiling tanks, г | 10% 
stationary driers, stationary ог 1026 
gravity crystallising.... 5-5 [Paint Shope: 

Mechanical furnaces, _ generators | К i, Spraying, Вод... 8-5 
amd atl, mechanical, driers, bing, ordinary ha И | а 
evaporators, filtration, mechani- finishing, ы 
eal eryatalliaing, bleaching ea Tino hue pistig asd Bang 15-10 

тапка for cooking, extractors, per- ‘Store and Stock Rooms: 

"olor, йиш, electrolytic Rough bulky material. 3-2 

cells. . 10-6 | Medium or fino material eon | О, 
licis and бее: care. 

niiae, erem ln rooms,| 5-3. Btroetural ste! fabricado: E 10- 6 

Molding, pressing, cleaning and [Bugar grading. 2515 
trimming. ~ овез [ese 

Enameling. E 10-6 | Rowh.. j. 8-5 

Color and wing. 15-10 9 енини Че E 15-10 

ленно Mantfacturin Extra fine instrumenta, Scaled, eii; | 100-25 
forage battery, mol [Textile Mil 
charging ro 10-6 | Coton, 

Coll and armature winding, mica Opening and lapping, ear 
‘working, insulating procewses.,.| 20-12 'drawing-frame, roving, dyeing | 8-5 

Elovator—freight and pumengo....| 8-5 Spooling, spinning, drawing-in, 
кы ае ареста, knitting p 
Forge shopa ad быра 0-6 NEL mu 
"Charging floor, tumbling, cleaning, | 
ing ond shaking ОШ... 8-5 ‘nding, throwing, dyeing. 12-8 
dugh molding and оке making. 10-6 b warping, weaving and 
ine molding and core making. 15-10 finishing — o 
Garage—Automobiles: Pa 
Котари ай... ааа F2 
Repair department and washing...) — 15-10 пр а ace И 
Оше Works: Twisting and дуёй.......... 10-6 

Mix and furnace rooms, pressing Drawing-in, warplug— 
and lehr, dlaseblowing machines | 10-6 | З 1-6 

Grinding, “cutting glass to кше, | ing 
silvering, о-в | 

Fine grinding, polishing, beveling, ny 
Ineocion, etching and decorat- ы Ea 

150 | Knitting machines... 15-10 

ше ig i a, И and wash попа Ж! 

Offi | furniture 15-10 
Private and general олени 3-1 


* By permission of the Illuminating Engineering Society; from “ Code of Li 


1930). 


iz"! (American Standard, 


The intensities, expressed in foot-candles, found by experience to be 


suitable for various applications are given in Table 13. 


‘These values should 
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Table 14. Glare Classification* 


Grade Standard 
n 10-watt tungsten-filament lamp in 6-in, frosted ball globe 
B 15-watt tungsten-filament lamp in 6-іп. frosted ball globe 
с watt tungsten-filament lamp in 6-in. frosted ball globe 
D 40-watt tungsten-filament lamp in б-їп, frosted ball globe 
Е 50-watt tungsten-filament lamp in 6-in. frosted ball globe 
F 60-watt tungsten-filament lamp in 6-in. frosted ball globe 
G — 100-watt tungsten-filament lamp in б-п, frosted ball globe 
Н  150-watt tungsten-filament lamp in 6-in. frosted ball globe 
I 300-watt frosted lamp 
I 500-watt frosted lamp 
K 1000-watt frosted lamp 


* By permission of the Illumina 


Table 15. Grades of Light-source Glare Which Should Not Be 
Exceeded for Good Conditions of Vision* 


ing Engineering Society, 


Space or work to be TightedT 


1 Offices and drafting 
Ordinary work and certain. 


Height of tight | 
source above foor, | Roadways and yard 
| 


ft ours | Storage spaces | manufacturing | Wonka сені 
F | | operations | operations 

6:5 or Jess = | 7 © 4 
$515 D [4 а 
75-9 А Е | b с 
Fan g A E D 
1-3 4 G G E 
13-6 H H H F 
16-20 1 1 1 в 
20 and up Fi 7 1 Н 


* By permission of the Numinating Engineering Society, from " Code of Lighting,” 1930. 

T Where backgrounds ure very dark in tone, light source oue grade softer thau above is recommended 
for interiors. 

t Those operations in which workers are seated facing in one direction for long periods of time. 


Table 16. Mounting Heights of Lighting Units* 


Direct lighting unita. 
] ] [Recommended 
Actual spacing} Distance of | Desirable mounting | Desirable mounting [Actual spaclnz| suspension 
between unita, gumita from | height in | ig in beta anita Length (top of 
[3 прог, ft 0Ê | Industrial interiors | commercial interiors) unita, ft owl to 
. Е selling), В. 
7 12 ft, above oor if | | у 
8 | ‘powsitle—to arid 
9 | glare, and still bo | The actual hanging 
—— within reach from | height should be | 
10 stepladder for | governed largely | 
Ш cleaning by general appear- | 
ance, but partien- 
larly in offices and | 
n ma | drafting rooms, the] 
16 14 | Where units are to | minimum values | 
18 15 | be mounted much | shown should not 
| more than 12 ft. И | be violated 
20 16 | is usually desirable | 
РА 18 to mount the units 
4 20 | at ceiling or on roof 
£ —|______| trusses | 
26 21 | 
2 22 | | 
30 24 | 


Note. Based upon the assumption that the plane of work is 30 in. above the flor. 
* Tables 15, 16, and 17 reprinted by permission from Westinghouse Lamp Co., Bull. E-108. 
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Room Index for Narrow and Average Rooms 


Table 17. 
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2696 ELECTRICITY AND ELECTRICAL ENGINEERING 
be considered minimum, and, for seeing under difficult conditions, higher 
values should be used. Glare is present when the light intensity in the line 
of vision is extremely high, particularly in comparison with the light intensity 
оп near-by objects. Reflectors and lighting glassware are used to diffuse 
the light. Degrees of light-source glare which should not be exceeded are 
given in Table 15, in conjunction with the grading given in Table 14. The 
quantity of light is expressed in lumens. A lumen is the amount of light 
which will give а light intensity of 1 ft-candle on 1 sq. ft. Hence to obtain 
ап intensity of 10 ft.-candles оп an area of 100 sq. ft. would require 1000 
lumens projected on the surface. 

Artificial illumination is usually obtained from incandescent lamps, 
are lamps, or gaseous-discharge lamps. For lighting of highways and large 
areas, lighting units combining two types of lamps are sometimes used. 

‘The incandescent lamp produces light from a heated filament of tungsten 
(early filaments were of carbon and tantalum) enclosed in a vacuum or an 
ert gas, Through continuous research the efficiency has been gradually 
increased from about 1.5 lumens per watt in 1881, to 10 lumens per watt for 
25-watt lamps and 20 lumens per watt for 1000-watt lamps (see Table 19). 

The arc light is the oldest type of electric light; it derives the light from 
an are maintained between two electrodes. The electrodes may be of n 
variety of materials although carbon electrodes have been most common. 
The d.c. magnetite arc produces a brilliant white light with an efficienoy of 
about 18 lumens per watt between 2 cathode of magnetic oxide of iron and 
titanium and an anode of copper. Many are lights have been superseded 
by series incandescent lamps; these are as efficient on alternating current 
ав on direct, and the costs of replacing electrodes are eliminated. 

Electric-discharge lamps produce luminescence from an arc or discharge 
in a vacuum or a rarified gas. There are several types of these lights and 
they are unstable except when provided with a special transformer, or reactor, 
or resistor to limit the current. Only the mereury-vapor lamp, the neon- 
type lamp, and the fluorescent lamps will be briefly discussed here, 

"The mercury-vapor lamp is used in many industrial plants because of 
its high efficiency (14 to 18 lumens per watt) and its freedom from sharp 
shadows. The high actinic value of this lamp makes it useful for photo- 
graphic work, In the early mercury-vapor lamps the аго was struck by 
tilting the tube. ‘The usual method is to strike the are by means of a high 
voltage obtained by breaking an inductive circuit. 

‘The neon lamps, used extensively in signs, require relatively high voltage 
varying with the length of tubing. Because of its color it is not desirable for 
ordinary illuminati 

The fluorescent lamps obtain a high lumen output by using salts deposited 
on the inside of the tube, called phosphors, which glow when activated by 
ultra-violet rays (see Table 19). Various colors аге obtained by using 
different combinations of phosphors. The are or discharge is struck between 
two heated tungsten filaments, one at each end of the tube, which have been 
treated to produce high electronic emission. The auxiliary control equip- 
ment limits the current to a predetermined value and is not interchangeable 
with that for lamps of a different size. The losses in the auxiliaries are 
20 to 30 per cent of the nominal watts of the lamp with which they are 
designed to operate. The power factor of many of these lamps with aux- 
iliaries is about 50 to 60 per cent; however, this can be improved with con- 
densers, Newer control devices are reported to give an over-all power factor 
of nearly unity. The lower temperature, higher efficiency, and available 
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color qualities promise а large field of application. А useful life of nearly 
2000 hr. may be expected. For further discussion see Inman and Thayer, 
Trans. Am. Inst. Elec. Engra., 51, pp. 723-726 (1938). 

In planning industrial lighting the illumination sources should be un 
formly spaced, and the distance between units should approximate the height 
of the veiling, A convenient way to locate ouflets is to divide the room into 
equal squares or rectangles locating the outlets at the center of each space, 
"The distance between outlet and wall is thus one-half the distance between 
outlets. The appearance of the resulting fixtures and the location of machi; 
must be considered also in locating outlets. The recommend 
height of units is given in Table 16. For high lighting intensity and for 
contrast, local lighting units supplementing the general illumination are 


necessary. 
Table 19. Approximate Lumen Output of Multiple Mazda Lamps 


Incandescent Lainps* Fluorescent Lampat 
110-120 volt | 110-120 volt | 220-240 volt. Nominal watts (add auxiliary 
standard daylight | ^ standard watta for total) 


Lumen | Sise, | Lumen 


Bizo, | Turnen Bize 
output | watts | output 


watta | output | watts 


15 | e| по | эю 

25 | 20) 20 |2. 

40 | мо 300 

@ | 260) 500 

75 | 1065 | 

i0 | 1530 

150 | 2535 | 

200 | $400 

3m | 5520 | 

500 | 3:800 

750 | 14550 

1000 | 20,700 | 
1500 | 33,000 

* From бел. Брес. Bull. LD-6A, October, 1936, 
1 From Grn: Elec, Bull. LD-1 (Вир, June, 1939. 


The size of lamp for each unit is selected to give the necessary light, 
expressed in lumens, Additional lumens at the lamp sources are required, 
because all of the light falling on the walls and ceiling is not reflected; with 
dark surfaces a considerable amount of light is absorbed. This is taken into 
account by a coefficient of utilization based on a room index (Table 17) 
for the dimensions of the room, the type of unit, and the color of the walls. 
‘The lumens from a unit are decreased by the light absorbed by the lighting 
unit itself and by dust accumulating on the unit. These factors are con- 
sidered in calculating the lumens required as follows: 


where L is the lumens per outlet, 4 is the floor area in square feet, а is the 
floor area per outlets in square feet, ЈУ is the number of outlets, F is the desired 
foot-candles based on Table 13, U is the coefficient of utilization from Table 
17, and D is the expected average efficiency of the lighting unit from Table 17, 
‘The size of lamp is selected according to the required lumens from Table 19. 
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Wiring should be installed to provide not only for modern lighting but 


for possible future uses of the structure. It is recommended that the wiring 
provide for a capacity of about 4 watts per square foot of floor area for offices, 
drafting rooms, and factories, 3 watts per square foot for stores and school 
rooms, 2 watts per square foot for neighborhood stores and storage areas in 
factories, and 1 watt per square foot for storage areas in garages and’ unim- 
portant basements. The wire size selected for each branch should allow not 
more than 2 volts drop to the farthest outlet. The “Code of Lighting” 
(American Standard, 1930) recommends for branch circuits a minimum wire 
size of No. 12; and for runs from panel board to first outlet of from 50 to 100 
ft, No. 10 wire is the smallest that should be used; runs exceeding 100 ft. 
to first outlet should be avoided. 

Additional data on illumination standards and calculations may be obtained 
from " Recommended Practice of Industrial Lighting” prepared by Iluminat- 
ing Engineering Society, 1989 and Gen. Elec. Bull. LD-GA, 


ELECTRIC HEATING 

Heating is produced (a) when current is forced through the resistance of а 
conductor and (b) in some cases by an are. The first is by far the more 
common, giving light in incandescent lamps and heat in a variety of devices. 
"The induction-type heaters are a modification of (a), utilizing the material 
to be heated as the resistance. 

The advantages of electric heat are the convenience of the control, the 
facility in producing the heat where desired, and the elimination of combustion 
and its products. This permits heating under unusual conditions as with 
hydrogen surrounding the object being heated. 

‘The rate at which energy is converted into heat in а resistance is equal to 
I'R. The ultimate temperature of a device is that which will cause the 
heat energy to be dissipated at the same rate as it is produced. Henting 
devices utilize conductors of much higher specific resistance than copper and 
which will not deteriorate rapidly at the required temperature. Many of 
these resistance materials are alloys which have a small temperature coefficient 
of resistance (Table 2). 

The efficiency of a heating device may be expressed as the ratio of the 
energy absorbed by the material being heated to the total energy consumed, 
This efficiency is relatively high in electric heaters, as ventilation to remove 
products of combustion is unnecessary. Further, the heater element can 
usually be placed in close proximity to the material being heated, and ocea- 
sionally it is possible to use either the material itself or its container as the 
heater element. For a discussion of the latter method see Carleton, nd. 
Eng. Chem., 21, 525 (1929). 

Insulation for electric conductors is usually heat insulation also. Con- 
sequently, solid insulation about the conductors of heating ovens is used 
sparingly and in many cases is replaced by air. 

Resistance furnaces and ovens are constructed in a variety of forms to 
be most useful and efficient for the work to be performed. The more common 
forms include (a) the box type, with single-door opening and with modifica- 
tions, such as the car type where the material is carried on trucks or cars with 
and without heaters in the cars, the pusher type where one piece (or container) 
is used to push the next, and the conyeyor type for continuous process; (b) 
the rotary hearth furnace used for continuous heating; and (6) the crucible 
ог pot furnaces with resistors surrounding the pot or with the heating elements 
submerged in the bath itself. 


ELECTRIC HEATING 2699 


The induction-type furnace utilizes the material to be heated as the 
secondary of a transformer; the primary coil is connected to the supply. 
Certain furnaces provide a magnetic structure for the flux path interlinking 
the primary and secondary. Other furnaces apply а high-frequency alter- 
nating current to the primary and use a non-magnetic flux path (see Electric 
Furnaces under Electrochemistry, Sec. 25, p. 2801). 

Box-type ovens for temperatures up to 600° and even 700°F, are listed 
by electrical manufacturers for connected loads from about 1.5 up to nearly 
100 kw, These ovens are suitable for drying, baking, evaporating, japanning, 
and low-temperature heat treatment. Box-type furnaces for temperatures 
up to 1850°F. are listed with connected loads approximately the same as for 
the ovens. These furnaces are suitable for hardening, annealing, tempering, 
and carburizing, 

Commercial pot-type furnaces suitable for melting babbitt and other 
soft metals have connected loads from 4.5 to 22 kw. holding from 150 to 1500 
lb. of metal. То expedite the handling of the metal the furnace may be 
equipped for bottom pouring or for tilting. Other furnaces of the same 
general type use a lead, salt, or cyanide bath for hardening or tempering tools 
or machine parts. In large sizes as for continuous hardening or drawing of 
wire or strip, or for heating large parts, standard furnaces have capacities 
up to 15,000 cu. in. and have a connected load of 75 kw. Such a furnace with 
lead bath will average in a 9-hr. day a production of 1200 lb. steel per hour 
raised to 1200°F. with 800 kw.-hr, per day (see Catalogue 250, Westinghouse 
Electrice and Mfg. Со.). Certain pot-type furnaces for heat treatment use а 
conducting salt: one electrode is immersed in the salt; the containing vessel 
is used for the other. An are is produced to start the melting of the salt 
which is non-conducting in its solid state [see Hall, Trans. Ат. Soc. for Steel 
‘Treating, р. 399 (1929)]. 

Мапу resistor-type furnaces utilize heating units which are easily 
replaced; these are connected by steel busbars ав copper oxidizes rapidly at 
furnace temperature. In designing an oven or other heating device, such 
units may be applied. Certain units use nickel-chromium ribbon wound on 
porcelain insulators. Another form is a flat heater element protected Бу 
steel casing; still others are designed for immersion in the liquid to be heate 
The cartridge-type heater is used for local heating in n portion of a machine, 
the cartridge fitting closely in a hole drilled in the machine, во that the heat 
may be conducted away. 


Table 20. Steel-sheathed Strip Heaters* 
(Dimensions 3$ in. thick by 11$ in. wide) 


Watta Volta Maximu length, in. 
500 15 24 

550 115 18 

250 15 12 

150 15 7 


Note, Heaters for 230 volta have the ваше dimensions and price. These may be connected in series 
for, 440-volt circuits, 
* Data from Genéral Electric Supply Catalogue. 


In the design} of a heating element, materials must be selected which 
will withstand the operating temperature of the element without deteriora- 
+ By Hood Worthington. 
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tion. Nickel-chromium alloys are capable of withstandin 
perature of 1150°C., and certain less expensive alloys operate satisfactorily 


Table 21. 


n operating tem- 


Electric Heater Units* 


Kw. Volta 


135 10 
25 110 
35 220 
50 210 


* Westinghouse catalogue 247. 


Table 22, Electric Cartridge Heaters 


[Terminal connection 
| 


Watts Volta | Outside dlam., М, 
75 по 
100 10 | 
10 по 
250 по | 
200 110 | 
150 110 
250 по 
400 | по 
300 | по 
600 по 


* Westinghouse catalogue 247. 


at lower temperatures. Figu 
of niehrome ТУ wire or ribbon ns 
a function of the temperature of 
the material being heated and 
the method of applying the heat- 
ing element. The empirical 
design curve for exposed radi- 
ating strips or rods is given by 
Fleischmann. (Trans. Am. Inst. 
Elec. Engrs., 48, 1196 (1929)] as 
useful because it gives long-lived 
elementa even under conditions 
of close spacing and double 
banking. 

Woodson's сите for confined 
radiant coils [/. Am. Inat. Ele 
ngrs., 44, 1354 (1925)] checks 
closely with Driver-Harris Com- 
pany's recommendation for 
range units and radiant heaters 
made of сойе wire. 

The two curves marked wire- 
wound and ribbon-wound 
insulated tube sive the allow- 


llowable heat flux at the surface 


8 


Temperature of Surroundings, 


8 


е 


Heat Flux Watts рог Ста. 
able heat flux at the surface of FG 14-— Permissible heat Bux from nichrome IV. 


a wire wound with the turns one diameter apart and of a ribbon wound in such 
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а way that the surface of the ribbon is twice the surface on which it is wound; 
respectively. Both windings are assumed to be placed over 1{-їп. asbestos 
insulation and to be delivering heat to a metal tube having the temperature 
given on the ordinate. If the ribbon or wire is differently spaced, or the thick- 
ness or thermal conductivity of the insulation is changed, the allowable heat 
flux will be altered. The factor of safety enters the last two curves only in 
that the maximum temperature which the winding can stand is taken ав 
900°C, instead of 1150°C. 

From these curves it will be apparent that the method of embedding a wind- 
ing in an insulating medium should be avoided if it is possible to use the 
method of supporting the winding so that itis free to give up its heat by radin- 
tion, However, the use of 
a winding over an insulated 
tube has the advantage of ^ у 
simplicity of construction. КА 

The use of Figs. 45 and А 2, 
46 will be made plain by an — 10 
example. The position of 5 
the circle in Fig. 45 indi- 7 

6 
5 
4 


cates that if the winding is 
such that it permits n heat 


flux of 1.9 watts per square Е 
centimeter, a б-т. heater р. 
£ 
2 


operating on 110 volts may 
be constructed from 73 ft. 
of No. 7 B. & 8. gage $ 
nichrome IV wire. Fora , " 
Ü-kw. henter on 220 volts y. 
(Big. 46), 120 ft. of No. 10 4, № 
wire should be used. 

(Note the slightly higher $ 
heat flux used to get an Sel 
even wire size.) 

When ribbon is used 
there are more possibilities. 0 2 4 6 8 10 12 M 16 18 2022 24 26 
Suppose that the allowable Wire Size B &5 Gage 
heat flux in а 20-kw. heater Fro, 45.— Dimensions of nichrome IV wire for 110-volt 
to be used on a 220-volt heaters, 0.2 to 30 kw. 
line is 3.7 watts per square 
centimeter. Moving horizontally at 3.7 watts per square centimeter 
across the lower left-hand field of Fig. 47 to the line marked 20 kw. at 
220 volts, and then vertically to the upper left-hand field, one finds that there 
are four sizes of ribbon that may be used. Then moving horizontally to 
intersect the 3.7 watts per square centimeter line in the right-hand field and 
reading from the lengths at 220 volts, one finds the following solutiona: 37 ft. 
of lin. X 32 gage; 51 ft. of 34 in. X 26 gage; 70 ft. of 14 in. X 20 gage; or 
86 ft. of 36 in. X 16 gage. 

Because of their superior resistance to oxidation, the 14 in. X 20 gage or 
the 35 in. X 16 gage are preferable, If, however, the ribbon is too thick it 
loses its advantage in ease of winding and uniform covering of the winding 
area, and wire may be used with equal satisfaction. 

For certain heaters the control may be manual; for others the tempera- 
tures are controlled automatically by thermostats or pyrometers. The 


25 


а 


225 


7. 
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energy delivered to a heating device may be varied by (1) adjusting the 


applied voltage as from 
transformer taps, (3) 
changing the connec- 15 
tions so that the voltage 
applied to the heating 
elements is varied, (3) 
rheostatic control in 
series with the element, 
(4) resistance change of 
the heater due to thee 5 
temperature coefficient & 
of the heater material, 5 
and (6) interrupting the yr 3 
supply to part or all of 

the heater elements, = 


о чооб 


Krample On а нише © 
phage or direct-current |5 
henter with, two elementa, 
three values of heating may. 
be obtained by (a) both [0 
elements in parallel, (b) 09 
one element giving half 08 
value, and (c) the two ele- 


ments in series giving one- 02 4 6 8 10 12 14 16 18 20 22 24 26 28 30 
Wire Size В &5 Gago 
control will give finer reg- Fro, 40.—Dimensióne of nichro 
heaters, 0.2 to 40 kw: 


fourth value. Rhoostatie 


ulation, A three-phase 
heater may have switches 


provided to connect the three elements in А for full heat or in У for one-third value, 


У 


ТУ wire for 


[Dis] 


e 
LE 


UA 
0 


Fia, 47.—Dimensions of nichrome IV ribbon for 110- ans 


9 0504 060810 152 3 450189 
д Watts per Cm? 
* 4| 
r4 3 
$2 
$5 
за 
% 
[2 
[5] 


10-volt heaters, 0.4 to 60 kw. | 
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Thermostats indicate (or record) the furnace temperature and, by meana 
of two adjustable contacts for the “high” and "low" temperature limits, close 
the control circuits at high for shutting off the supply to the heaters and at low 
for turning on the power to the heating elements. The thermostatis actuated 
by heating of a bulb containing mercury, а liquid, or a gas, causing a pressure 
change, which is transmitted through a tube to the indicating and controlling 
mechanism, The maximum temperature to be controlled by thermostats is 
1000*F. 

For temperature above 1000°F., pyrometers are used. The pyrometer is 
actuated by the voltage from a thermocouple placed in the furnace or oven, 
The pyrometer is a sensitive instrument and should be mounted in a location 
free from vibration. The calibration is for a particular type of thermocouple 
and may vary with length of wires between the couple and the instrument, 
By means of two adjustable contacts the power to the heater is controlled 
similarly to the thermostat control. 
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A transformer consists of two or more electri¢ circuits interlinked by в 
magnetic circuit. The electric circuits are usually insulated from each other 
but may be electrically connected as in the autotransformer. This device 
permits the transfer of energy from a circuit of one alternating voltage to 
that of another voltage and serves to insulate the two circuits from one 
another. "The primary winding is the one connected to the supply; the wind- 
ing connected to the receiver circuit is the secondary. 

"The magnetizing current of a transformer is just sufficient to produce a 
flux, such that tho rate of change of flux induces a voltage in the primary. 
practically equal to the impressed voltage, The vector difference is due to 
the IR drop and is negligible. This small current is the current which flows 
when the secondary is open. 

‘The induced e.m.f. equation is similar to that in a generator, though this 
is due to stationary windings and to changing mbgnitude of flux. 


Е = 4.4476N X 10-* 


where fis the frequency, ¢ is the maximum instantaneous value of flux, and N 
is the number of turns; 

Since the magnetic flux interlinks both the primary and the secondary, the 
voltage induced in each winding is proportional to the number of turns. Due toa 
slight leakage, ое. flux which does not interlink both windings, this relation 
may not be exact for ali loads. 

As load is connected to the secondary and current flows, it tends to modify 
the interlinking flux, hence the primary current increases to maintain the flux. 

The ampere-turns in the primary equal the ampere-turna vin the secondary 
except for the magnetizing current: 


IN, 


therefore, 
Беју = ВЫ, 
"These relations of input and output hold as to volts, amperes, power, and 
power factor, except as modified slightly by the losses and by the magnetizing 
current. Subscripts refer to primary or secondary. 
‘The losses in a transformer consist of iron losses (hysteresis and eddy- 
current losses) and copper losses (primary and secondary). These losses are 
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small so that the full-load efficiency is about 98 per cent and is higher for lurge 
transformers. The iron losses of transformers which are continuously on the 
supply line will reduce the daily 
average efficiency. 

In polyphase circuits, trans- 
formers are used to change from one 
system to another as well as to 
change the voltage, Any poly- 
phase system may be secured from 
апу other polyphase system with 
transformers provided with suitable 
windings. A few of the more com- 
mon transformer connections are 
shown diagrammatically in Fig. 48. 
The desired voltage for both sys- 
tems may be obtained from trans- 
formers with the proper voltage 
ratio. A single-phase load cannot 
be balanced on а polyphase supply 
by any combination of transform- 
ers; neither can a polyphase load 
be taken from a single-phase sup- 
ply without energy-storage devices, 

Autotransformers (Fig. 40) 
have а portion of the winding in 
common for the primary and sec- 
ondary. In this portion of the 
winding, the current is the differ- 
ence between the p ry and se 48.—Transformer connections in poly- 
ondary currents resulting in a Phase circuits, (а) three-phase dı 
higher utilization of materials, par- Puree pines Y; (b) thre риа to twe а 
ticularly where the transformer тае по e Cyne freeing Л Мы ple не 
tio is near unity. For example, {o six-phase diametrical к 
with a ratio 4, the capacity as 
an autotransformer would be four times the capacity used as an ordinary 
transformer. Since the primary and secondary are interconnected the auto- 
transformer does nof, 
insulate one section of ____323Апа om 
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the circuit from the 
other. Ж 

The induction 37 ? } 
regulator is an auto- А 


transformer or boost- 
er transformer with a 
variable ratio. In 
the single-phase regu- 
ager) the tux common (a) te) 

to the primary and Fio. 49.—Autotransformer connections. (а) To reduce 
secondary is varied by yoltage at load; (0) to increase voltage at load, (Maris, 
turning the primary "Mechanical Engineers! Handbook") 

with respect to the secondary. In the three-phase regulator, а constant volt- 
age is added vectorially; the angle is varied by the position of the rotor so 
that the resultant voltage is regulated to the value desired, Regulators are 


düSAmp = TRF. 
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commonly used to control distribution voltages; by means of the line-drop 
compensators the point of regulation may be at a distance from the regulator. 

The constant current transformer utilizes the repulsion between the 
primary and secondary coils to separate the coils when the current starts to 
increase. "The greater separation increases the leakage flux, reducing the 
voltage until the current is the same. If the current starts to decrease, the 
coils come closer together so that the voltage increases and the current also. 
By properly counterbalancing the moving coil, the current can be main- 
tained practically constant. 

Instrument transformers are used to reduce voltage (potential trans- 
formers) and current (current transformers) for applying to instruments and 
relays. This permits arrangement of main leads independent of the switch- 
board location by running small wires to the instruments; it permits standard- 
ising on 5-amp, 110-volt instruments with proper scales according to the 
ratio of the transformers, and it permits insulating the instruments from 
high-potential circuits, 


Table 23. Approximate Cost of Small Transformers—2300/115-230 


Volts 
Kva. рака single phase| $ per kva., three phase 
; = 
БАД eer EP 
10 | 10:0 | Wa 
E) | 63 ] 85 
GENERATORS 


Direct-current Generators, Direct-current generators consist of а 
stationary field and yoke and a rotating armature with commutator. The 
armature is laminated to reduce the eddy-current losses and has slots for the 
armature windings to reduce the reluc- 
tance of the mugnetie path. Inasmuch as 
the conductors pass alternately under 
north and south poles the e.m.f. induced is Ё 
alternating. The armature conductors B 
are connected through n switching device, 
the commutator and brushes, to the ex- 
ternal eireuit so that the e.m.f. delivered 
is unidirectional: 

‘The armature winding is continuous in 
order that the commutator may function, 
hence there are two or more paths for cur- 


rent through the armature: Series 
2 [RA Fro. 50.—Direot-eurrent. generator 
па ЈУРА go) X107 © connect A, armature; Р, shunt 
paths, $ field; C, commutating feld; S, series 


field. Note that diverter. resistance 
is shown in parallel with series field of 
compound-wound generator, 


where Z is the total number of conductors 
on armature; paths refer to number of par- 
allel paths through armature; ¢ is total 
flux per pole actually entering the armature (due to leakage this is less than 
the total flux per pole); різ the number of poles; and r.p.rn. is the speed of the 
armature in revolutions per minute, Fora given machine this may be written. 
Е = k'ó rpm. 
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‘The speed of the generator is usually fixed by the driving engine or motor; 
and the number of conductors, paths, and poles by the designer. Hence any 
adjustment of e.m.f. must be by field control; this may be by a hand-controlled 
rheostat or by automatic devices. 

‘Types of generators are designated by the field connections, When the 
field circuit is connected across the armature, it is a shunt machine; if 
connected in series with the armature, it 
із a series machine; if there are both 0 
shunt and series field coils, it becomes a go 
compound machine; the field may be | 
connected to some other source making 80 
it a separately excited machine. 


10 
° 
025 5 15 00 ms Mo 
Load Per Cent Rated Kw. 
Bl— Voltage eharac- Fro, 52.—Typical characteristics of 
teristios of direct-current gen- compound-wound generator, 
orators. 


Armature reaction is the distortion of the main field due to the current 
in the armature. This distortion tends to induce e.m.fs, in the commutated 
coils and may also cause a slight weakening of the field. 

Commutation is the reversing of current in the coil under the brush. 
The brush covers two or more commutator segments, hence one or more arma- 
ture coils are short-circuited; if there is an e.m.f. induced while it is short- 
circuited, current will flow and sparking will result. Tho self-inductance of 
the coil delays the reversal of the current and this also causes sparking. Саг- 
bon brushes with higher specific resistance decrease the sparking. In older 
machines, brushes were shifted with load to change the flux in the commutated 
coil, Modern machines usually have commutating poles. connected in 
series with the armature, which furnish sufficient flux to aid the reversal of 
current and neutralize the effect of armature reaction at the point of com- 
mutation, The commutating pole makes it unnecessary to shift brushes with 
load, but the proper position for the brushes is critical and the manufacturer's 
setting should not be disturbed, 

Regulation of direct-ourrent generators, i.e., change of voltage with load, 
depends on the type of generator (Fig. 51). The voltage of the separately 
excited generator decreases with load due to ZR drop in the armature circuit 
and the effect of armature reaction. The shunt machine has a further reduc. 
tion in voltage with load because the lower voltage is impressed on the field. 
In the compound-wound machine, the series-field coil increases the m,m.f. 
with load. This may be adjusted by the number of turns on the series field 
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во that the full-load voltage is just equal to the no-load voltage (lat com- 
pounded) or so that it is more or less as desired. On commercial generators, 
excess turns are usually put in the series field and then diverters (resistances) 
are placed in parallel so that enough of the current is diverted to give the 


desired characteristic. The series generator 
is seldom used. = 

Paralleling of generators is frequently 
desirable in order that more than one gener- 
ator may be used to supply aload. Shunt 
machines may be paralleled with little 
difficulty, care being taken that the same 
terminal voltages exist and the same polari- 
ties are connected together. For proper 
distribution of load, all generators operating 
in parallel should have the same regulation. 
Compound-wound generators must be 
provided with an equalizer connected in. Рю. 53.—Conneetions of com 
order that two or more machines be stable pound-wound generators for pai 
when paralleled. The equalizer is a low- allel operation, ("Standard Hand- 
resistance conductor connecting the series "^k for Electrical Engineera") 
fields in parallel. With the equalizer bus compound machines may be 
adjusted to divide the loads properly. 

Three-wire generators are used to obtain the advantage of double the 
load voltage for distribution. Common voltages are 115-230 volts. Motor 
loads are usually connected at the higher voltage. ‘The equivalent of the 


b Wire Мо. 


Fro. 54—Three-wire direet-cur- Fio. 55,— Three-wire single-phase from. 
rent generator, (Marke," Mechani- transformer. (Marka, " Mechanical Engi- 
cal Engineers! Handbook."") neers’ Handbook.) 


three-wire generator may be obtained by means of a balancer motor-generator 
m n system of the higher voltage. The most common three-wire genera- 
tor is of the Dobrowolsky type, in which а balance coil is connected across 
the armature; the mid-point of the balance coil furnishes the mid-point for the 
direot-current system. The balance coil may be built to rotate with the 
armature or may be external, 

Homopolar generators are commutatorless direct-current generators 
so arranged that the conductors always cut the flux in the same direction. 
"The connection to the conductor is by slip rings, two for each conductor, 
The machine is not standard, is of low voltage, heavy, and expensive. 

Alternating-current Generators. Alternating-current generators are 
built with rotating fields and stationary armatures, permitting a very rugged 
construction; the only moving contacts are for the field current at low voltage. 
Commercial alternators generate at 2300 volts in small sizes, 13,500 for 
medium and large sizes, and a few very large units are built to generate 
22,000 volts, On account of the large capacity and high voltage the dissipa- 
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tion of the heat due to the losses is а major problem requiring enormous 
amounts of air for cooling. 

Three-phase alternators are supplied for the usual installation. Two 
phase is frequently obtained by means of transformers from a three-phase 
generator; by adding damper windings on the field-pole structure, heavy 
single-phase loads may be supplied. Three groups of windings are wound 
60 electrical degrees between centers (360 electrical degrees to each pair of 
poles). The e.m.fs. of these windings would be 60 electrical degrees apart 
(Fig. 56а), and by reversing the middle winding and consequently its елп. 
(Fig. 565), the three e.m.fs. are 120° apart. The windings ean then be con- 
nected in A or in Y, the latter being more common. 

A large range of excitation (field-circuit current) is necessary to provide 
constant external yoltage, with variation in load and power factor (Pig. 57). 
As individual exciters аге frequently furnished 
with each alternator, a portion of this control can 
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be provided by the rheostat in the exciter field 
uit, reducing the ГР losses otherwise present [5 
300 
m 
n, ZO 
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(@) ш и 
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2. [һгее phase voltage vectors. Fra, 57.—Excitation curves 
(a) Voltages 60 deg. apart; (5) voltages of a turbo-nlternator. 
120 deg. apart. ("Standard Handbook for-El. 


trical Engineers." 


in the alternator field rheostat. Certain types of automatic regulators utilize 
the exciter field circuit entirely for control of alternator voltage. 

Parallel operation of commercial alternators is quite satisfactory. То 
connect an alternator to an energized bus, it is necessary to synchronize by 
hand or automatically. Synchronizing is adjusting the time of tho voltage 
wave, by changing the speed of the incoming alternator, to obtain the correct 
frequency and the correct instantaneous polarity; lamps may be used, although 
the synchroscope is the instrument usually used to indicate this. In addition 
it is necessary to have correct voltage and phase rotation. 

Load division of paralleled alternators is dependent on the speed (gover- 
nor) adjustments of the prime movers, When it is desired to incrense the 
output of an alternator, the throttle is opened more, tending to increase 
its speed, but actually changing the phase position of its generated e.m.f. 
with respect to that of the other alternators. Тһе frequency of all alter- 
nators in parallel must be the same, which thus fixes their speed. 

Excitation change of paralleled alternators tends to change their reactive 
current. Since the total reactive current (at a given voltage) is fixed by the 
load, if the excitation of one alternator is increased, it furnishes a larger 
proportion of the total reactive current. 

An induction motor may be driven slightly above synchronous speed; it 
will then deliver energy to the supply line. This induction generator 
receives its excitation from the supply line, hence ceases to generate if the 
supply is disconnected. The power factor of the generator is fixed by the 
voltage, load, and design of the machine; it cannot be adjusted. 
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Synchronous or rotary converters (Figs. 58 and 59) are used to convert 
alternating eurrent to direct current. Alternating current is applied to, 


nd direct current taken from, а common armature winding rotating within a 
lient pole structure: The converter operates as a synchronous motor and 
is started in like manner, The power factor may be adjusted by field change 
as in the motor, but the efficiency and output of the converter are reduced 
at decreased power factor. The characteristics as a direct-current generator 
are limited, since the speed and voltage are fixed by the frequency and the 
alternating voltage. 

To obtain а standard direct voltage from a standard alternating voltage, 
it is necessary to use transformers as the conversion ratio is fired. Since the 
efficiency and capacity increase with more phase, and the transformers are 
in use for proper voltage, six-phase converters are common. In large sizes 
the converter has the advantage over a motor-generator set of higher efficiency, 
tower first сом, und smaller space. 
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су of synchronous ғу 


Approximate prices of 


motor-generator synchronous converters and motor- 
(Chem. Ма, Eng. November, generator sets, (Chem. Ма. Eng., 
1928.) November, 1928.) 


The disadvantage of the synchronous converter is that the direct voltage 
is directly proportional to the alternating voltage, This difficulty disqualifies 
hronous converter in favor of the motor-generator set for many 
If the output voltage must be adjusted, it may be (a) by field 
control, either shunt or by compounding; (5) by transformer taps or induction 
regulators; and (c) by a booster aiternator on the shaft with the converter. 
"These schemes decrease the efficiency and increase the cost of the installation, 
and in the ease of (a) the possible variation is very small being caused by 
change of power factor. 

‘The converter may be operated inverted, receiving direct ourrent and deliver- 
ing alternating current. If driven mechanically, it may deliver direct or 
alternating current, or both. 

The mercury are rectifier is taking the place of the synchronous converter 
for many installations of 600 volts and higher. The rectifier is quieter in 
operation, has no heavy moving parts, and requires less space and less founda- 
tion than the converter. The efficiency of the rectifier is high over a wide 
range of load and increases with the voltage. 

The application of mercury-are rectifiers is extended by introduction of 
the grid, permitting control of voltage, current, or load. Grid-controlled 
rectifiers, rated at 2000 and 3000 kw. to supply 500 volts to chlorine cells, 
operate at an over-all conversion efficiency of 94.1 per cent according to 
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Rimlinger [Etec. World, 109, 35 (1938)]. - The grid-control on these rectifiers 
permits operation to as low as 00 per cent of normal voltage. 


Table 24. Synchronous Converters 


% Output, based on do, 
Number of phases | Alternating-phase | Direct voltage | generator as 100%, at 


voltage 100% P.F. and 100% Ef. 
| 
1 100 0.85 
2 7 100 1:65 
H 6l 100 1:33 
4 50 100 1:65 
6 35 100 1:93 
MOTORS 


Direct-current Motors, Direct-current motors are structurally the same 
as direct-current generators, A given machine may be used as either motor or 
generator, though the characteristics will be slightly better for one method of 
operation. 

"Torque in a motor, from the fundamental equation, is Р = ABI, which 
may be written 

z ^ 


Torque (pounds st 1-ft. radius) = o.1175( 


where 2 is the total number of armature conductors; paths, the number of 
circuits in parallel through armature; p, the number of poles; ¢, the flux per 
pole entering the armature; and Ја, the current to the armature, 
It is evident that all factors are fixed by the design of the motor, except 
and Ia; or, T = КфІ, for а given motor 
Speed in a motor is dependent on the voltage and field as follows: 


Ү =Е+1„% 
where V is the impressed voltage, E is the induced voltage.in armature, nnd 


То Ва is resistanee drop in 
armature circuit. vy? jT 
Since — os b 
= &'фт.р.т. = V —IRs el F 

у ( = ==) 


Xm. = (уз 


For commercial motors, 
under normal operation, Fra. 6 
I, fts is less (ћап 5 per cent motor co 
of V. Hence the speed is armature 
approximately proportional to У/ф. 
Starting of direct-current motors requires в rheostat in the armature 
circuit, except for fractional-horsepower motors, because of the low inher: 
resistance of the armature, This rheostat, usually built into.a starting box, 
increases the resistance of the armature circuit so that, during starting Jule 
їв the larger part of V. 
Shunt motors are the most common type of direct-current motor, fur- 
nishing nearly constant speed (within 5 per cent) from no load to full load, 


Starting box and shunt (or compound) 
tions. В, rheostat; F, shunt field; A, 
|, series field, 
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"The speed of commercial motors may ђе increased nearly 25 per cent by field- 
circuit (rheostat) control; for small motors 50 per cerit speed range is available 
(see Fig. 61 for characteristic curves). Figure 60 shows circuits for shunt 
motor with internal connections of 
starting box. ] 


Adjustable speed shunt motors 100 Speed- = 
are standard for 2:1, 3:1, and 4: 1 speed 
range at increase in price. For greater 90 ТИ 


speed range in a motor it is necessary 
to resort to other means than field-rhe- 
ostat control, largely because of arma- ту 
ture reaction effects. One scheme used 
successfully is to shift the armature E 
axially, giving a flux change through © 
the armature. In this type of motor f 50 
the commutating poles are offset from 
the center line of the main poles, so 40 
EJ 


that with the weak main field and hence 
greater armature reaction, the effect of 
the commutating poles is inerensed, 
giving good commutation over a large 
speed range. One of the best nrrange- 
ments for increased speed range and 
good speed regulation is to provide 


Oo 2 50 15 00 T5 150 


independent voltage supplies for the Per Cént Rated Ва. 
feld and armature. With constant al eharactertatice of shat 
voltage applied to the field, the motor por 1 


speed will vary direetly with the volt- 

age applied to the armature. This arrangement requires a direct-current 
generator for each motor but it is quite common for applications requiring n 
wide speed range, such as rolling mills and elevators. 

Armature circuit resistance may be used to reduce the speed of the motor 
with the load, Aside from the cost of the rheostat, the losses are relatively 
large, the regulation poor, and the speed decrease at light load is negligible. 
For a given decrease in speed, the rheostat loss is the same proportion of the 
input; ùd., with 40 per cent speed reduction, the loss is 40 per cent of the 
input. 

Potentiometer control is very convenient for obtaining reduced speed 
from small motors where the accompanying losses are not excessive. Refer- 
ring to Fig. 63, the resistance Ёз and Је are proportioned to give the desired 
voltage to the armature, This reduced voltage will vary somewhat with 
load on the motor; the larger the current in Rı relative to that in A, tho 
more constant will be the voltage across A. 

Series motors are used for loads requiring heavy starting torque, and 
where variable speed is permissible. The armature current, is also the field 
current, hence the torque is approximately proportional to the current 
squared, Тһе speed varies nearly inversely as the load current. Because 
of the excessive speed at no load, a series motor should not be connected to 
its load by в belt. The series motor is used for streetcars because of the 
heavy starting torque. 

Compound-wound motors combine the characteristics of the shunt 
and series motors. The starting torque is good with speed regulation inter- 
mediate between that of the shunt and series motors. This type of motor is 
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frequently used with a flywheel for heavy duty of short duration as on a 
pünch press. 

То reverse the direction of rotation of a direct-current motor, it is necessary 
to reverse the direction of current through the armature circuit with respect 


. 
R ( ^)8F 
R 
Load ¢FillLoad 
Fie. 02.—Speed-torque. Fic. 63. Potentiom- 
characteristics of unt eter control to operate 
motor with armature small motor at low speed, 


resistance. (Marks, “ Me- 
chanical Engineers’ Hani 
book, ") 


to the field circuits, Commutating poles are а part of the armature circuit 
and should always be connected to the armature in the same way. Any 
series-field turns must be connected so that current through them is not 
reversed with respect to that in the shunt field, 

Alternating-current Motors. These motors may be classed ns polyphase 
or single phase and further classed by type of connection or characteristics 
ав synchronous, induction, brush shifting, ete. 

The polyphase synchronous motor is 
constructed similarly to an alternator. An 
alternator deprived of its driving torque will 
continue to operate as a synchronous motor, E 
"The speed is fixed only by the frequency of the 
supply and the number of poles. 

1 


R.pan. = 1202 
Р а 


Speed в; 


where f îs the frequency and p the number of 
poles, 

Staking th нашые py providing'ai ањо {Gwe и 
ortisseur or damper winding in the pole faces ‘Armature Current T, 

of the synchronous motor. The field cireu Percent of Rated Load, 
t-circuited through а small resistance, Fio. 64.—Speed-loud char- 


voltage alternating current, from an auto- acteristics of ditwet-ourrenit 
transformer, is applied to the armature. The motors. 1, Shunt; 2, com- 
pound; 3 differential со 


motor starts as an induction motor approaching e Mags c eq rt 
synchronous speed. Direct current is applied Рона; 4, ребе (punk. 
to the field as the motor pulls in to synchronous. кору") д 

speed, and full voltage is then applied to the 

armature. Modern synchronous motors have fair starting torque and with 
built-in clutch any reasonable load may be started. 

The excitation adjustments by means of a field rheostat give the most 
important characteristics of the synchronous motor. By increasing the field 
current the power factor of the motor may be made leading, and by decreasing 
the field current the power factor may be made lagging, Synchronous 
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motors are frequently operated with leading power factor to compensate for 
the lagging current of induction motors. Purchased power usually costs 
less if high power factor is maintained. 


Table 25, Synchronous-motor Speeds 


| Revolutions per minute for 


12 600 250 
[n 514.5 214.3 | 
в | м 187 5 
8 | * | ow 
20 360 150 
Synchronous condensers are used to regulate voltage by means of 
power-factor control. The synchronous machine without mechanical loading 
is called a “synchronous condenser" or “synchronous phase modifier.” 


100, 
FffICIeNC 


Dollars per НР. 


| Costat BO БРЕНА 
average appriwinafely. 
220 % or these valves, 
| ‘© 100-200-300 200 500 600 700 800 %00 0 325 ыы TS OO 5 150 
Rated H.P,50 Deg.Confinueus Cent Rated Hp 
Fra. 65.—Appraximate prices of .—‘Typical characteristics of 
synchronous motors. (Amer. induction motor. 
Architect, June 5, 1926.) 


The polyphase induction motor is most useful because of its rugged 
construction. The squirrel-cage type has no moving contacts; the stator 
consists of a winding similar to that of the synchronous-motor armature; 
the rotor winding resembles a squirrel cage, bars secured to end rings, The 
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rotor bars are sometimes bolted and soldered to the end connecting rings, 
sometimes welded and sometimes cast with the end rings. 

‘The speed characteristics are similar to those of the direct-current shunt 
motor decreasing about 2 to 5 per cent from ño load to full load; the no-load 
speed is the synchronous speed as definéd under Synchronous Motors. 
"The available speeds are limited and there із no speed adjustment. Char- 
acteristic curves are shown in Fig. 66. It will be noted that the slip (decrease 
in speed as a percentage of synchronous speed) increases almost directly 
with the load for normal loading. Hence from a measurement of the slip and 
knowledge of the slip at full load (name-plate data), 
the approximate load may be determined. 

To reduce the current on starting, low voltage is 
applied from a starter which contains an autotrans- 
former. The starting torque with normal voltage is 
not large and is reduced with voltage (Т = KE? at 
constant speed). ‘The starting voltage is usually 
about two-thirds of the normal. Small motors, 
below 5 h.p. (the largest permissible motor depends 
on the system) are started on full voltage. The stall- 
ing or breakdown torque of an induction motor is 
usually three times that of full load. AEH 

Multispeed motors of the squirrel-cage type are 0 20 — 29. 3 
obtainod by reconnecting the stator windings for dif- % Full Load Torqua. 
ferent numbers of poles. A single winding may be Рио. 67,—Speed-torque 
reconnected to give half the number of poles and characteristics of induo- 
hence twice the speed; By arranging two wind- tion motor with resistance 
ings, cach for two sets of poles, it ia possible to have ПО гош. 
four speeds. For example, with one winding for 4 fyrir] Engineers?) 
and 8 poles, the other for 6 and 12 poles, on 60 
cycles the motor would have synchronous speeds of 600, 900, 1200, and 1800 
rpm, 

Special Characteristics, By making the rotor with high resistance, 
a motor with high starting torque and lower starting current is obtained. 
The regulation and efficiency are poor- On account of heating in the rotor, 
this type of motor is usually applied on intermittent service such as hoisting. 

Low starting current may be obtained by placing the rotor bars in deep 
slote, This reduces the maximum torque as well. 

By arranging two squirrel-cage windinga, one of high reactance, the other 
of high resistance, it is possible 10 obtain high starting torque, low starting 
current, and good speed regulation. 

Wound rotors or phase-wound rotors for induction motors permit 
varying the resistance of the rotor circuit, Increased resistance of the rotor 
circuit reduces the starting current, improves the power factor at startin, 
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$ Synchronous Speed 
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and, up to a given amount, (ће starting torque із increased. Tf the resistance 


is left in the cireuit, the regulation is poor. However, this permits speed 
reduction with load at reduced efficien This method of operation is 
exactly analogous to the operation of the shunt motor with resistance in the 
armature circuit, By removing the resistance, the speed is increased giving 
а characteristic аг to that of the squirrel-cage motor. The controller 
provides for starting the motor with the maximum resistance and then reduc- 
ing the amount as the motor increases in speed. For certain applications 
water rheostats are provided; in some cases the amount of resistance is 
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automatically adjusted so that the input to the motor is kept nearly constant. 

Reversing of polyphase motors is accomplished by reversing of the 
relative phase rotation applied to either synchronous or induction motors. 
In two-phase motors this is accomplished by interchanging the leads of one 
phase. Fora three-phase motor any two leads may be interchanged, 

Speed Control. Inherently, an induction motor is a constant-speed 
motor. Its speed is dependent on the frequency. Voltage change will 
affect the speed a little, particularly in a motor with a high-resistance rotor; 
however, the effect is in general so small (nil at light loads) that it is not used. 
Pole changing and the wound-rotor motor with resistance have been discussed 
already. 

The energy consumed in the resistor of the wound-rotor motor reduces the 
efficiency because it is wasted. This energy can be supplied to an alternating- 
current commutator motor (or converter), helping to drive the main motor 
(Kramer system) or to drive an induction generator feeding back to the 
electrical supply (Scherbius system). By suitable control devices, this com- 
mutating machine can also be used as a generator, causing the main motor to 
run above its synchronous speed. These devices permit adjustment of speed 
over a wide range, though the firat cost limits the application to large motors. 

Wound-rotor motors сап Бе connected in series, ùe., the secondary of one 
connected to the primary of the second, both motors being on the same shaft. 
‘The resultant speed is that of a motor having a number of poles equal to the 
sum of the poles of the two motors actually used. In practice the сћагас- 
teristics are not desirable, the efficiency and power factor being low with 
uneconomical utilization of material. 

‘The polyphase brush-shifting motor with constant-speed (shunt motor) 
characteristics utilizes in one motor some of the principles of the Kramer set. 
"The primary is placed on the rotor, and in addition there is a winding with 
commutator on the rotor. The secondary is on the stator with its circuit 
completed through two sets of brushes on the commutator. When the 
brushes are together, the operation is similar to an induction motor with 
short-circuited secondary. As the brushes are spread apart, an e.m.f. is 
introduced in the secondary corresponding to an ГЕ drop; however, this e.m.f. 
is constant, ùe., independent of the current flowing. With this c.m.f. intro- 
duced, the speed is reduced at no load as well as with load. Increasing the 
brush shift increases the speed reduction. Reversing the brush shift reverses 
the em.f, and permits operation above synchronous speed. 

A polyphase brush-shifting motor with series-motor characteristics is also 
available. The stator windings are connected in series with the brushes on 
the commutating winding. By shifting the brushes the speed can be adjusted. 

Single-phase motors are ordinarily used in fractional-horsepower sizes 
for many labor-saving devices. In larger sizes they are used only where n 
polyphase power supply is not conveniently available. Installations of 
single-phase motors of larger than 714 h.p. are unusual. 

The single-phase induction motor has no torque at standstill; the 
starting torque must be supplied by some auxiliary device, A polyphase 
induction motor, after being started, will continue to run with only one phase 
connected to the supply. The available output is reduced and hence the 
utilization of material is poorer; yet the power factor and efficiency for the 
smaller output are nearly as high as for the polyphase machine. 

Split-phase starting utilizes an auxiliary winding which is disconnected 
after starting, usually by a centrifugal switch. This auxiliary circuit has the 
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phase of its current displaced from that in the main winding by a series 
resistance or n condenser. These displaced currents are similar to those in a 
polyphase motor producing a small torque. 

The repulsion-start induction motor utilizes a commutating ding 
on the armature with the brushes short-circuited giving torque as a repulsion 
motor, As the motor accelerates, a centrifugal device operates at about 
three-fourths speed to short-circuit the entire commutator. This makes the 
armature, in effect, a squirrel-cage rotor and the motor operates as an induc- 
tion motor. 
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Fra. 68,—Single-phase motors with series characteristi 


tively compensated; (b) series motor inductively сотре 
motors, ("Standard Handbook for Electrical Engineers." 


(а) Series motor conduc- 
sated; c and d, repul 


Shading poles are used for starting small induction motors such as fan 
A section of the pole area is enclosed by а low-resistance band. As the flux 
starts (o change, an e.m.f. is induced in this shading band, the resulting 
current retarding the change of flux. Hence the flux in the shaded portion 
of the pole occurs after that in the unshaded portion; this phase displace- 
ment is sufficient to react on the squirrel-cage rotor and give a starting torque. 

Series motors for operation on single-phase circuits require a completely 
laminated magnetic structure. To reduce sparking, only one armature turn 
ів connected between commutator segments, resulting in a large number of 
segments. To reduce the reactance of the armature circuit a compensating 
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winding is placed in slots in the pole faces; this winding may be short-circuited 
(inductive) (Fig. 68), or in series with the armature (conductive) (Fig. 68a). 
То reduce the reactance of the field, fewer field turns are used compared with a 
normal direct-current motor, and more turns are needed on the armature. 
As a result the poles appear shorter and the armature larger than for the 
direct-current motor. Preventive resistance leads are frequently connected 
between the armature coils and the commutator segments to reduce sparkin, 
‘The single-phase series motor is quite satisfactory on direct current and thi 
type of motor is used as a universal motor. In the larger sizes the voltage 
applied when operated on direct current should be lower than when operated 


on alternating current. 
Table 26, Approximate Full-load Current for Motors* 


‘Three phase 
Г тү ш 
ingle phase, К | z 
Horsepower Á Squirrel cage Wound rotor current, 
volta р | | ЕЗ ec: Dod 
220 volts | 2200 volts | 220 volt | 2200 volts 
% ng | | | 
i 24 | 
и 35 25 | 23 
5 47 28 | 33 
D 55 33 | 59 | 42 
né 7.6 47 | 63 
2 10 6 72 83 
3 n 3 10 125 
5 B 5 | |- "у 19:8 
м ЕЈ | 25 287 
| | 
10 Sine a алаг 28 | 3 
5 » | 5 | 2 % 
20 52 56 74 
25 я 1 [4 75 92 
30 7 8 2 D по 
40 101 10 1% и 16 
50 15 в | ous 14 180 
@ | 19 5 | 1% 16 25 
75 | 180 9 | m 19 268 
100 : 2% 5 2% 5 357 
| 
125 310 x 310 2 48 
150. 360 % 364 37 
200 [| = » w 52 


to the voltage, Current for 


'oltages the current is inversely proportion 


Nale. Fur motors of оу 
two-phase motors (four-wire) is about 87 per cent of the three-phase value. 
* Compiled from the " National Electrical Code,” 


In the series motor (Fig. 68b and с) the current in the compensating winding 
was produced by transformer action from the armature, In a similar manner 
the current in the armature may be induced by transformer action from the 
compensating field asin Fig. Ge, This type of motor is the repulsion motor 
and а more suitable voltage may be obtained for the armature through the 
transiormer action. A more common connection for the repulsion motor is 
shown in Fig. 684. where the main field and compensating winding are com- 
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bined into one. Ву changing the brush position, the relative amount of field 
and compensation component may be changed, This method of operation 
is common for starting single-phase induction motors. 

Modifications for the series and repulsion motors have been developed with 
power supplied in various ways to the armature and field, some using auxiliary 
brushes; certain combinations give improved power factor, speed modifica- 
tions, ete. The repulsion-induction motor is provided with two sets of 
windings оп the armature, one with commutator giving repulsion chara 
teristics and, at the same time, the other, a squirrel-cage, giving induction- 
motor characteristics. 
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Induction Motors Three 
Dc.Motors, 220 Volts. Phase, 440 Volts, 60 Cycles. 


200 T 20 
5100 F Ago $m 
ЕМ Га: 
$e FE Bo NA 
E ene |2 | le^ 
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В male Г | 
ERU „оле 
5 5 
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тла. 69.—Approximate prices of motors with manually operated starting devices. 


Reversing rotation of single-phase motors of the induction type is 
accomplished through the starting device, With в split-phase motor the 
connections to the starting winding may be reversed. In the repul 
motor the brushes are shifted. Shading-pole motors are built for one rotation 
only. Series motors are reversed by reversing the armature with respect to 
the field. 

Condenser-type induction motors approximate polyphase charac- 
teristics in a motor operated from a single-phase supply. The motor is 
essentially n two-phase motor, one phase being supplied directly from the 
line, the other phase having a condenser in series with it, thus producing a 
split-phase effect. Ву selecting the proper condenser this circuit may be 
used throughout the operating range of the motor, with resulting good charac- 
teristics. The starting torque is small; for larger starting torque, additional 
capacitance may be connected and then disconnected as the motor comes 
up to speed. 


SUMMARY OF MOTOR APPLICATIONS 
The available power supply is the first consideration. ‘The commercial 
supply of power is usually three phase, 60 cycles, and the alternating-current 
data given apply to this type of equipment; two-phase motors have similar 
characteristics and costs, Direct current is desirable for many drives because 
of the convenience of adjusting speeds. However, with an alternating- 
current supply the cost of converting to direct current (especially for one or 
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two motors) may ђе so great as to make direct-current motors impractical. 
With an alternating-current supply of 2300 volts, motors larger than 75 b.p, 
may be operated at the supply voltage to eliminate сове of transformers. 

Single-phase motors are used in small sizes where direct current ог poly- 
phase power із not conveniently available. 

For constant speed the direct-current shunt motor, the induction motor, 
or the synchronous motor may be used. For large starting torque, the induc- 
tion motor should have either a high-resistance squirrel-cage rotor (which 
causes more change in speed with load) or a wound rotor with resistance 
control. The synchronous-motor speed is the only one which does not change 
slightly with load. The direct-current shunt-motor speed may be kept 
constant by field control. 

Table 27. Typical Prices of Motors without and with Usual 
Hand-control Devices 
(Rated speed about 1150 r.p.m.) 


Nm hp. 50 hp. 


| With | Motor | With | Motor | With 
ecatrol| only | control | only | control 


‘Type 


Induction Motors, 440 volta, 60 cycles: 
‘Squirrel cage, normal ^ TP 
‘Squirrel cage, normal torque, low starting current..| 136 


160 | 212) 236) 380] 416 


129 | юз | 20| 2%| 39| 44 
| 


Squirrel cage, high torque, low starting current. ..| 151 | 175 | 23| 27| 217 | 43 
‘Totally enclosed squirrel cage, fan cooled, 55°C. 
temperature rise, low starting eurrent........... 185 | 200 | 31| 395 


Wound rotor, constant speed. 24 | 302 | 39| 46| эю! m 


‘Two-speed, 1200, 600 constant. horsepower. 


| 
Wound rotor adjustable ирей. | 24 | 36 | 357| 498) 5| ма 
‘Multispood, 1800, 1200, 900, 600 

torque, ин EHE | 289 | »0 | 407) 6t 

Myltispee 1800, 1200, 906, 600 r.p constant | 

horsepower. a | 34 | 40 | 54| e» 


Bynchronous motor (0.8 P.F.) including exeiter.. 449 | 726| 569| 855 


308 | 434 | | 567 
| 


А, brushshifting, motor, adjustable speed 28 | 56 | 1075 | 10% | 195 | 201 
Dio. shunt motor, 230 volts, constant speed, 72777) 295 | 336 | 40| 43| 733| 88 
‘Adjustable sped, constant horsepower, 500 to 

500 rom... a А 558 | 742 | 758| 999) 1334] 1754 
Totally enclosed, constant speed, 55°C. tenpera- | 

ture riso, ии, ими 49 | 53 | ee| ои | 1724 | 198 


For adjustable speed the direct-current shunt motor is preferable as its 
change of speed with lond is small, and the speed may be changed, at will, 
over a wide range. Similar characteristics are obtainable from the poly- 
phase brush-shifting motor, though the change in speed with load is somewhat 
larger than with the direct-current motor. Where two or more fixed speeds 
are desired, the multispeed induction motor ean be applied. For fairly 
constant load the wound-rotor induction motor with resistance can be 
utilized to give reduced speed. 

For heavy starting torque or intermittent heavy loads the series 
direct-ourrent motor may be used; if less speed variation is desired the 
compound direct-current motor should be applied. ‘The wound-rotor motor 
with resistance can be similarly applied, though the losses will be greater. 
The double-rotor squirrel-eage motor supplies heavy starting torque, but 
for heavy intermittent loads the demand on the system would be great. 
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The price of a motor and its control equipment should always be con- 
üdered in terms of the usefulness of the particular characteristics. For 
example assume a motor delivering 10 h.p. 2500 hr. per year. The cost of 
energy would be about $400. The motor cost might be only $200 if constant 
speed were permissible, or $700 if close adjustment of speed over a wide range 
were desired. The fixed charges on this difference in cost taken at 20 per cent 
would be $100; 25 per cent of the cost of the energy. Assuming, however, 
that the power cost was about 4 per cent of the total manufacturing cos 
this additional cost of the adjustable apeed motor would be economical if 
reduced the total manufacturing cost or increased the value of product by 
more than 1 per cent. It must be assumed further that suitable electrical 
supply is available for either motor. In general, the first cout of suitable 
control in electrical apparatus must be considered in terms of operating value. 


С. L. Mantell, Ph.D., Consult 
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ms: For general references to electrochemical processes and engineering, 
d , "Industrial Electrochemistry,” 2d ed., McGraw-Hill, 
New York, 1940. For theoretical electrochemistry, reference should be made to Dole 
"Experimental and Theoretical Electrochemistry,” McGraw-Hill, New York, 1939; 
Foerster, " Elektrochemie wisseriger Lösungen,” Ath ed. Leipzig, 1923; Walden. 
Elektrochemie nichtwisseriger Lösungen,” Barth, Leip and Lorenz, ^ Elekt 
chemie gesch: е * Barth, Leipzig, 1908. None of the latter books is av 
able in English. For plating, reference should Be made to Blum and Hogahoom, 
Principles of Electroplating and Blectroforming,” 2d ed., MeGraw-Hill, New York, 
1930; for calcium carbide to Taussig, "Die Industrie des Kalsiumkarbides," Knapp, 
1030. For the individual metals, reference should be made to the recent metal- 
lurgieal works on this particular topic. 
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Electrochemical Industries. Electrochemistry has been de 
science which treats of the chemical changes produced by the electric current 
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Fra. 1—Classifioation of the electrochemical industries. 


and of the production of electricity from the energy of chemical reaction: 
Theoretically the two branches are of equal importance. Industrinlly, how- 
ever, the chemical and physical changes produced by the use of the electric 
current are by far the more important. 

Electrochemical engineering is primarily a branch of chemical engineering 
to which portions and viewpoints of electrical engineering and metallurgy have 
been joined, Electrochemical engineering deals not only with all of the 
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electrochemical theories, processes, and operations but also with the furnish- 
ing and utilization of electrical power to the industries; the design, construc- 
tion, and operation of the equipment, machinery, and plants employed to 
produice the electrochemical products; the economic considerations involved 
in the competition of chemical and electrochemical methods for the prepara- 
tion of the same or similar products, вз well as the sale, distribution, and 
consumption of the materials produced. 

Electrochemical industries may be roughly divided into several classes 
ог groups, as shown in Fig. 1. Each group and subdivision has problems 
and applications of the chemical and electrical engineering unit processes but 
with the emphasis placed differently in the different groups. 

"The scope of the electrochemical engineering industries is very wide. To 
illustrate the breadth of the industries, a list of products of the electric fur- 
nace and electrolytic cell, at least as far as the major materials are concerned, 
is given (see Table 1). 

Electrochemical processes of an endothermic (absorption of energy) nature 
have frequently supplanted purely chemical processes and in some cases 
allowed the production of new products which could hardly be obtained 

‘Thus copper is now almost entirely refined by electro- 
for water purification, sanitation, and 


bleaching is the product of electrolytic cells. Aluminum ean be commercially 
is. Calcium carbide and the synthoti 


made only by fused salt electrol T 
abrasives of the silicon carbide or fused alumina type are not possible by 
other than electrothermnl methods. 

Chemical reactions often are made to take place by a series of steps because 
the most direct processes cannot be used and because of the difficulty of 
conversion of thermal into chemical energy. In electrochemical processes 
the needed energy is introduced in an electrical rather than a thermal form, 
When the electric current is used for heating, it may be applied at the point 
where it is desired, Electrochemical processes are more direct than the 
corresponding chemical ones. Sometimes the electrochemical method is more 
expensive but is preferred, inasmuch as purer products are produced. 

Eldotrochemical processes generally operate satisfactorily only under 
constant conditions. They must be as simple as possible. Raw mate- 
rials should be as pure as can be obtained or manufactured within the eco- 
nomie limitations of the process. Accumulation of impurities causes rapid 
decreases in efficiency. 

Electrochemical Units. The ampere is defined electrochemieally as 
the unvarying electric current which will deposit silver at the rate of 
0.00111800 g. per sec. from a solution of AgNO; in water under a given set 
of conditions. The current in amperes flowing across any point, divided by 
the cross-sectional area of the conductor, is called the current density (o.d.) 
(amperes per square foot or amperes per centimeter square, ete.). So-called 
c.d. meters used for control purposes in electroplating consist of cathode 
surfaces of definite area, connected in series with an ammeter, the mounting 
and connections being so arranged that the meter appears above the level 
of the bath and the whole apparatus can be hung on the cathode rod. The 
meter thus indicates amperes per unit of area. 

"The coulomb or ampere-second is that quantity of electricity which 
will deposit 0.00111800 g. silver from a solution of AgNO;. 

‘The volt in practical use is that of the International System of Electrical 
Units. In this system the volt cannot be easily produced as defined, 
due to the definition of the ampere. The e.m.f. of a voltaic cell, however, 


in any other way. 
chemical means. All the chlorine u: 
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Table 1. Products of Electric Furnace and Electrolytic Cell 


Product 


Raw material 


| Applications of product 


Alumina, fused... 


Alumina, pure. 
‘Aluminum metal 


Aluminum, pure 


Beryllium. 
Bismuth. . 


Cadmium. 
Calcium. 
Calcium carbide. 


Calcium cyanamid, 
Carbon hisulfide. 


Caustic... 
Cerium metals 


Chlorine gas. 


Chrome yellow 
Copper, pure. 
Copper, pure. 


Forrochrome 


Forromanganese 
Ferromolybdenum. 
'errotilicon 
Ferrosilicon-titanium. 
Ferrotitanium 
Ferrotungsten 
Ferrovanadium. 


Gold 
Graphite. 


Hydrogen x 
Hypochlorite. 


Tron, pig 
Tron, pure or “Swedish 


Lead refined 
Tithium metal 


Magnesium metal 


;| Bauxi 


|Bausite (natural aluminum 
oxide) 

Bauxite 
Bauxite 


Aluminum metal 


Beryl 
Lead refining 


| Zine electrowinning slimes 
| Calcium ehloride 


| Limo and соке 
Calcium carbide (nitrogen of 
the air) 


ке and sulfur 


Water, salt 
Rare-earth chlorides 


| Water, mait 


Chrome ore 


Manganese ore and с 
| Molybdenum ore 
Tron, silica rock, coke 


‘Titanium оге 
Tungsten оге 
Tron vanadate 


Copper refining slimes 
Anthracite coal 


Water, sodium hydroxide 
Water, salt 


Tron ore. 
Pyrrhotite 


| Crude lead 
Legidolite, lithium. 


Magnesium chloride 


ren and refractories 


| и 


Insulating material; aluminum metal 
Electric power transmission cable; light- 
weight alloys for airplanes, automobiles, and 
trucks; deoxidizing agent for steel; alumino- 
thermic reactions; ammonal (explosives); 
acid containers; cooking utensils 
Corrosion-resistant coatings 


Light alloys 
Alloys 


‘uses; radio tubes; lamps 

Avetyleue for welding, cutting, and lighting; 
acetone, acelie acid; airplane dope 

Fertiliser; ammonia; eyanides 


insecticide; carbon tetrachloride; 
(viscose) 

industry; explosives, 

; automatic lighters; tracer 


Solvent: 
artifical 
Soap; pap 
Poropbori ай 
ballets and she 
Bleaching; ias warfare; mustard gas, ph 
xene, chiorpicrin, silicon  tetraellori 
explosives; ehlorbenzol; water purification ; 
surgery (Dakin solution); detinning; arti- 
ficial plasties; hydrochloric seid; aluminum 
chloride for ой refining; sanitation 
Paint pigment 
Electrical industry; bras 
Electrical Industry; brasa 


Special and high-speed steels; armor plate; 
projects 

Steel; permanganates 

Special teels 

Steel manufacture; 

Steel deoxidizor. 
venger in steel manufacture | 

nd high-speed steels 
Special steels; automobile steela 


drogen produntlon 


Jewelry; coinage; Industrial alloys. 
Electrodes; lubricants; paints 


Ballooning; hydrogenated fata 
Disinfectants; bleaches 


Steel industry 
‘Tubes and spacial steels 


Alloys; ft 
Light alloys 


; acid chambers 


Flashdight powders; light-weight alloys; 
tracer bullets and fares 
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Table 1. Products of Electric Furnace and Electrolytic 
Cell—(Coneluded) 


Product. | Raw material Applications of product 
Nickel, refined. .........| Crude nickel Alloys; plating Industry; dairy equipment; 
Utensils 
Nitric acid Air Explosives; fertilisers 
e, sodiu bydroxide ^ | Oxy-welding;oxy-cuting 
Ozone. Sterilization of water; sanitation 
Palladium, . Industrial alloys 
Perborates Bleaching agents for textiles 
Phosphotie acid ‘Acid phosphates; cleaners; food products 
Phosphorus. Matches; phosphorus compounds; phosphor 
i bronze; smoke screena 
Platinum. Copper refining slimes Electrical uses 
Platinum. Nickel refining slimes Catalysts; jewelry; industrial alloys 
Potassium chloraie. -....| Potassium chloride Primers; matches; dyeing 
Quarta, fused, | Quarts rock Silica tubes; heat-resiating materials; optical 
Rhodium Nickel refining slimes 
Silicod. > | Sand and coke 
ance unita; silicide; silicon tetrachloride 
Silicon carbide. Send, sawdust, and coke Abrasives and refraetories 
Silver Copper refining slimes Jewelry; coinage; industrial alloya 
Sorbitol Glucose H 
Sodium bichromate. .... .| Chromium salts 
Bodium metal Caustic (Castner) gi minag 
Sodium metal... Salt ie ayntheala 
Sodium perchlorate Sodium salte, МЫС» 
‘a, refined Impure tin, tin dross Tio-plate Industry; bronzes 
Lead Palnt pigment 
Zine oro Brass; galvanizing 
Zins ore Brass industry 


ed against the international ohm and the international 
used as а medium for realizing the international 


can be determ 
ampere, and such a cell 
volt. 

Standard cells have provided the means for making comparisons of e.m.f. 
‘The cells во used may be divided into primary standards, or normal cells, 
and secondary standards. The first are those by means of which the value 
of the volt is maintained, as at the National Bureau of Standards or else- 
where. ‘The second are those suitable for general laboratory use. 

‘The Weston standard cell consists of an amalgam of cadmium, a solution 
of cadmium sulfate having а concentration corresponding to that of a solution 
saturated at 4°C., and pure mercury overlaid with HgsSO. This combination 
has a very low temperature coefficient and is constant when properly made. 
However, it is not reproducible to the degree required in a primary standard, 
The “normal Weston" or "normal cadmium" cell, having an excess of cad- 
mium sulfate, is therefore the standard maintained at the various govern- 
ment laboratories upon which rests the duty of establishing the volt. Ita 
e.m.f. is taken as 1.0183 volts at 20°С. by international agreement, These 
cells are reproducible to better than 10 microvolts. 
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Electrochemical Laws. | Conductors of electricity лаву be sharply divided 
into three classes. The first class, the metallic or electronic conductors, 
consists of the metals, alloys, and a few other substances such as carbon. 
‘The current passes through these without the accompaniment of any quantit, 
of matter. Those of the second class are termed electrolytic conductors. 
"They embrace in general the solutions of acids, bases, and salts, fused salts, 
some solid substances, and hot gases. In electrolytic conduction the passage 
of the current is always connected with a movement of matter. When the 
current leaves the electrolyte, it cannot take the matter with it; the latter is 
consequently set free. Chemical effects are produced. Theso mark the 
chief distinction between metallic or electronic and electrolytic conduction. 
Ina third class with mized conductors, the current passes partly in a metallic 
and partly in an electrolytic manner. Examples of these are the В form of 
silver sulphide and the solutions of the alkali and alkaline-carth metals in 
liquid ammonia, ‘The greater part of electrochemistry is concerned with the 
chemical effects resulting from electrolytic conduction, and the corresponding 
electrical effects necessary for their production. 

If two carbon plates be dipped into a dilute solution of HCl and connected 
with a source of d.c. such as a battery, electrolysis will take place. At the 
negative carbon plate, hydrogen gas is given off; while at the positive plate, 
chlorine is evolved. The gases are produced only at the carbon plates. 
The plates are termed electrodes, the negative the cathode and the posit 
one the anode. If a AgNO: solution be electrolyzed, silver is deposited on 
the cathode and oxygen evolved at the anode. Whatever the solution, 
chemical action takes place only at the electrodes. 

Michael Faraday (1791-1867) discovered the quantitative relations between 
the amount of electricity which passes through a solution and the quantity 
of matter separated at the electrodes, His first law is: The quantities of 
substances set free at the electrodes are directly proportional to the quantity of 
eetricity which passes through the solution. A second law expresses tho 
fundamental relation between quantities of different substances liberated 
at the electrodes by the same quantity of electricity. It is: The same quantity 
of electricity sets free the same number of equivalents of substances at the elec- 
trodes. In other words, the quantity of silver liberated at the cathode by 
the passage of 20 coulombs electricity through а solution of a silver salt is 
double that which would ђе obtained by the passage of 10 coulombs. The 
passage of the same quantity of electricity through solutions of a silver salt, 
а copper sslt, an iron salt, а sine salt, and an acid will set free quantities of 
silver, copper, iron, zinc, and hydrogen which are proportional to their equiva- 
lent weights. 

‘The neutral dissolved molecules of an electrolyte consist of two oppositely 
charged parts, called ions. Those which move toward the cathode are called 
cations, and those toward the anode, anions. When the current passes, 
the positive ions are attracted toward the negatively charged cathode where 
their charge is neutralized and they are set free. In a similar manner, the 
anions move to, and are discharged at, the anode. 

The electrochemical equivalent of an element or а group of elements 
is the number of grams of that substance set free by the passage of 1 coulomb 
of electricity through an electrolyte. Electrochemical equivalents are pro- 
portional to chemical equivalents. 

One coulomb of electricity (by definition) sets free 0.00111800 д. silver 
from a solution of a silver salt. Ii the gram equivalent of silver Gts gram- 
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Electrochemical Equivalents of the Elements 


Table 2. 
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Electrochemical Equivalents of the Elements— (Continued) 
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69 637 0.32 923) 


49 185) 4.48 235 
16 395 13-44 705) 


|26.59 ОТВ] 0.08 291 


447.89 7710.07 516 0 13.30 492) 0.16 570) 


== 
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us 
es 
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Beene 
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BER 


£8 


5552-2 
OFTERE] 
ЕЕЗ 


چچ 
STITT‏ 
9999597 


s 


40 та. 


1 
0.76 895) 2.86 7% 


095) 


1.49 
0.73 845 2.98 51 
5.97 


5.40 625 
27 188| 8.10 936 
6,21 


58 


ES 
= 


76| 
71 


SSE 
& 


241,911 
80.637 


639.937 


232.737 
77.579 


523.181 
348.780 
174,303 


669,908. 
334.953 
167.475 


184.972 
13.314 
61.657 


272,313 
68,078 


3057 421. 


21.007 
74.368 


12061 162 


6035.017 


2153 
90 8% 


317,845 
105,950 


670.595 
574.794 
478.993 
383.198 
287.397 
191.598. 

95.799 
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Table 2, Electrochemical Equivalents of the Elements— (Continued) 
T y 3 3 $T] T Е T 


| val. | 
Sym- | Atomie | or | Me. per |Coulombs| Q.per |Amp-h.| Ре | Ampshr; 
vi | теди | cbg | coulomb | perme. | amp. | erg. ао | per ib. 


| 
Ir (ел | 4 050 025 | 1.99 858180055 | 0.55 548] 3.97 038) 251.855 
| 3 0.66 701 | 1.49 9222.40 124 | 0.41 650| 5.29 383| 188.809 
| 2.00 104 | 0.49 9747.20 373 | 0.13 886 15.88 151 629% 


июв.......| Fe | $5.84 | 3 019288 | 5.18 4460.69 438 | 1.44 073] 1.53 083| 653.20 
2 0.28 933 | 3.45 63011.04 158 | 0.96 008) 2.29 628) 435.487 
1 (0.57 865 | 1.72 8152.08 315 | 0.48 004 4.59 256) 217.77% 
Krypton...) Kr | 88.27 | n [086755 | 1.15 233.12 29 | 0.32 026, 6,88 390| 145,2 | 


| 
Lanthanum} La 1892 | 3 (0.47 986 | 2.08 3931.72 750 | 0.57 887 3.80 8%] 2.571 
п 143959 | 0,69 4645.18 251 87,524 


> 
3 


| 
Lend..,.,.| РЬ |20721 4 0.53681 | 1.86 2821,93 253 | 0.51 746) 4.26 050 234,718 
| 2 |107 363 |'0.93 1423.86 506 | 0.25 873] 8.52 090) 117.357 
2.14 725 | 0.46 57107.73 01 | 0.12 936 17.04 198] 58679 

| 


07 192 |13.90 р 25 890 | 3.86 247) 0.57 078) 1751.988 
| 1.65 4202.26 425 | 0.45 952 7.34 874] 208.497 | 
55 1416.52 619 | 0.15 317|14.39 207| 69.475 


Lithium. 


0 
Tutecium..| Lu [175.0 |3 0.60 445 
1 


Magnesium] Mg | 2492 | 2 (оло 601 | 7.93 5850.45 367 | 2.20 430| 1.00 070) 999,907 
я |0.25 202 | 3.96 7930,90 727 | 1.10 270| 2.00 020| 499.951 
Manganese | Mn | 5493 | 7 0.08132 |12.29 720.29 274 | 3.41 603| 0,64 537| 1549.307 
| 6 0.09 487 10.54 0900.34 153 | 2.92 803 0.75 294] 1328.132 
5 оли звя, | 8.78 4090.50 983 | 2.44 002 0.90 352 1106, 777 | 
4 [01420 | 7.02 7270.51 225 | 1.95 202| 1.12 917) 885,427 
| 3 0.18974 | 5.27 0450.68 305 | 1.46 401) 1.50 587| 664.085 | 
2 (0.28 467 | 3.51 3631.02 458 | 0.97 601 2.25 81 442.711 | 
1 0:56 921 | 1.75 6822.04 916 | 0.48 800) 4.51 762| 221.355 
Малим.) Ma |974" |7 [0.14 478 | 6.90 530.52 11 | 1.91 B60] 1.14 908) 870.262 
| n |1.01 347 | 0.98 6713.64 850 | 0.27 405 8:04 355] 124.323 | 
Mercury...| Hg [200.61 | 2 1103943 | 0.96 2073.74 195 | 0,26 724) 8.24958 120.218 
(2.07 885 | 0,48 1037.48 390 | 0.13 36216.49 917) 60.609 
Molybde-| Мо | 95.95, | 6 0.16 572 | 6.03 4370.59 658 | 1.67 622, 1.31 523] 76031 | 
aum. 5 (0198 | 5.02 8560.71 590 | 1.39 685) 1.57 828] 633.601 
4 0.24858 | 4.02 2030.89 487 | 1.11 748| 1,97 285) 506 BEI 
з |0.33 145 | 3.01 7201.19 316 | 0.83 BIT) 2.63 047| 380,160 
2 |p.49 715 | 2.0) 1461.78 974 | 0.55 874| 3.94 570| 253.440 
| (0.99 430 | 1.00 5733,57 948 | 0.27937 7,89 141] 126,720 
8M | 2.00 665/179 403 | 0.55 740| 3.9556] 252.837 | 
508 | 0.66 888 5 | 0.18 580)11.86 538| 64.278 
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Table 2. Electrochemical Equivalents of the Elements—(Continued) 


T TTF |5 т g y 
Val. | | 
Atomie | сг | Meer |Coulombs| G. per Аара 
weight. | ch. | coulomb | per mg- | ашрлы. | per ib. 
val, | | 
EE | | | а j 
|| № | 20183 | n 0.2095 | 4.78 izb 75294 | 1.32 813} 1.65 995| 602.425 
Ni |5869 | 3 (0.20 273 | 4.93 2700.72 982 | 1.37 010 1.60 859] 621.507 
203045 | 3.28 8161.02 474 | 0.91 346| 2.41 398) 414,340 
1 (0.60 в10 | 1.64 4232.18 987 | 0.45 673 4.82 605) 207.170 
Nitrogen ..| N | 14,008 | 5 [0.02 903 2134.44 4460.10 452 | 9.56 793] 0.23 042 438.995 
4 [0-03 629 027.55 5580-13 064 | 7.65 436) 0.28 802| 347 195 
з |0.04 838 720.6 67600.17 419 | 5.74 077 0.38 403) 260.397 
2 [007 258 013.77 7830.26 129 | 3.82 718| 0.57 604) 173.598 
! (145% | 6.88 8020,52 258 | 1.91 355) 11525] 8079 
Osmium. ..| Os 190.2 в |0.24 637 | 4.05 8890,88 694 | 1.12 727| 1.95 517) 447.485 
6 032850 | 3.04 4161.18 259 | 0.84 560] 2.60 717) 383.536 
5 10.39 420 | 2.53 6501-41 9II | 0.70 47| 3.12 850] 319.632 
4 0% 275: | 2.02 943.77 380 | 0.56 373 3.91 075] 255,706 
3 |0.65 700 | 1.52 2082.36 518 | 0.42 280] 5.21 433) 191.779 
2 (00854 | 01 4723.54 777 | 0.28 187| 7.82 150] 127.883 
Y 1.97 098 |0.50 7367.09 554 | 0.14 09315.64 209, 639% 
Oxygen...| O | 160000 | 2 [0.08 290 21206 asl 29 845 | 3.35 069] 0.65 796] 1519.850 
* (16 580, | 6.03 1250.59 689. | 1.67 535| 1.31 392) 759.925 
Palladium | Pd |1067 |4 [02762 | 3.61 alo 99513 | 1,00 485] 2.19 380| 455,812 
з |0.36 857 | 2.71 3821.32 684 | 0,75 367] 2.92 518] 340.880 
2 (0.55 285 | 1-80 881159 026 | 0,50 243| 4.38 777) 227.906 
I |110 50 | 0.90 Ар 98052 | 0.25 122 8.77 554] 113.953 
Phosphorus} Р |3102 | 5 (0.06 429 (15.55 3380.23 Md | 4.32 059 0.51 023) 1959 832 
3 (0.10 715 |9.33 25200,38 574 | 2.59 241 0.85 041) 1175.809 
2 [0.16073 | 6.22 17900.57 Sor | 1.72 828) 1.27 562) 783,933 
п |0,32 145 BAL | 9-86 44] 2.35 124 391.966. 
Platinum.) Pt [195.23 | 4 [0.50 578 | 1.97 7161,82 080: | 0.54 921| 4.01 417) 249.17 
2 1.01 155. | 0.98 8583.64 160 | 0.27 460 8.02 834. 124.550 
n 2:02 311 [04642972831 |013 28016.05 55 62.279 
Polonium..| Po |210" 6 [0.36 257 |.275 741.30 S70 | 0.76 SE] 2.87 87] 347.37 
4 0.5445 | 1.83 BIO 1.95 855 | 0.51 088| 431 786) 231.806 
2 |108 808 | 0.91 905391710 |0.25 529) 8.63 372) 115.708 
| ^ [21787 | 0.45 9527.88 420 | 0.12 769 17,27 №8 578% 
Potaasium.| K | 39096 | 1 (0.40 514 | 2.46 & 0.68 563| 3.21 545] 310,998 
Praseo-| Pr [140.92 | 3 0.4867 | 2.05 4 0.57 065| 3.86 332) 258.845 
dymium. | ^ 1-46 031. | 0.68 4 0.19 022|11.58 936] 86.282 
Protonc-| Pa [231 5 [05988 |2. 0.58.01] 3,79 072) 263.17 
finium. 3 [07973 0.34 812] 6.33 286 157.905 
2 119 655 0.23, 208| 9.49 ОШ 105,275 
л 2:39 378 0.11 60918.99 555] 52.635 
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Electrochemical Equivalents of the Elements—(Coni 


tinued) 


Coulomb) 1G. per 


| che. | coulomb 
al. 


0.85 379 4.21 64 
0.42 5908.43 29: 
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Sarees 
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SURÊ 
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BSERRSS 8 


EE BET 
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4.19 6200.85 792 


18.59 138| 


| 
18.25 35| 


ЕЕ 
ЕЕЕ ERE 


7 


Amp-he, 


per Ib. 


107.576 
33.788 


54.789. 


456.828 
391.567. 
326.308. 
261.044 
195.783 
130,522 

65.261 


472,590 
354,449 
236,300 
118.150 


142.27 


856.4 
717,383 
597 778 
478.222 
358.667 
239.117 
119,556. 


242, 481 
80.827 


808.789 
269.596 


923,977 
615.947. 
307,974 
153.987. 


1733257 
433.314 


112.707 
528.712 


277.503 
138.752 


201.667 
124.445 


67.220 
5 


Д 
255 402 


336,101 
381.124 
190.562 
95.281 
229.113 
76,371 
178,577 
59.524 
209. 526. 
52,382 
215.327 
71.775 
198.327 
132.218 
.14 575 15.12 650 — 66.109 
204.304 
133.295 
102.197 
31 098 


98 488) 1015.348 
31 318] 761.517 


93953] 353,837 


447| 2.52 108 396 


037| 1.74 927| 571.685 
873| 3.02 530] 330.546. 
208) 3.78 162] 264.437 


3 724] 5.04 217] 


557| 3.26 168] 306. 


74 098| 2.97 529 
59 278] 3.71 912) 
0.44 459] 4.95 882 
0,29 639) 7.43 824 
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26 
84 023] 2.62 382) 
42 012] 5.24 764. 
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0,39 345| 5.59 002 
0.13 11516,80 008 
0,46 193] 4.77 268 
0.11 54819.09 075 
(7 471) 4.64 410 
5 82813.93 230) 
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Table 2. 
Tantalum. 
"Tungsten. 
Uranium 
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Table2. Electrochemical Equivalents of the Elements—(Concluded) 


ELECTROCHEMISTRY 


T iid ал лата ===. Ћ 7 
dlemink | Syme | Atomio Fes ad eri [бойды соб Ata: Dd 
"t | bol | weight | ehe. | coulomb | per mg. | wmp-hr. | perg. | yn hr, 
PE | | 
| | 
Vanadium.) v | sass | 5 (оло зво | 9.47 ooo. ors | 2.63 097] o. sol 928 
4 [лз 193 |757 650.47 518 | 2.10 46 1.04 750) 954.507 
з (0.17 595 | 568 2040.68 358 | 1.57 ВИ) 1.39 679) 715.925 
2 |0.26 393 | 3,78 8030.95 0% | 1.05 223 2.09 519| 477.284 
1 [0.52 798 | 1,89 401]1.90 073 | 0.52 61 4.19 038] 238.642 
Virginium .| Vi |224" 1 [23214 [0.6 080.35 58 | 0.11 957/18.42 288] 54.250 
Xenon,....} Xs fiss | n 36082 | 0,73 49814.89 SEL | 0.20 41610.79 B77] 92.603 
| 
Ytterbium. | Yb. [173.08 з [0.59 772 | 1,67 302 2,15,179 | 0.46 473| 4.74 389) 210.797 
n |1.79 316 | 0.55 7676.45 535 | 0.15 491 14.23 157] 70.266 
Yttrium. Y 88.92 3 0.30715 | 3.25 574 1.10 574 | 0.90 437| 2.43 773| 410.218 
л 0.92 145 | 1.08 58 ЗІ 722 | 0.30 146| 7.31 322) 136.739 
Bine,......] Za fesas | 2 [033876 | 2,95 71.21 952 | 0.81 995] 2.68 659] 371.912 
п [067751 | 1.47 Ө 43 905 | 0.41 000 5.37 718) 185.971 
Zirconium. | Zr 9122 4 |0.23 632 | 4.23 1530.85 076 | 1.17 542) 1.87 560| 533.154 
53) 
п [0.94 528 В: 133.291 
| 
Norn.—Atomic weights in boldface type indicate those in which changes have be 


{ast revision of this table in 1929, or new additions to the list since that time, 

Digits overscored may, if desired, be dropped from the values, rounding them off to the nearest 
precoding digit; such digita have been carried as а matter of convenience and uniformity in ealoulating and 
tabulaling but are in excess of the number of significant figures in the primary data and hence do not add 
to the true accuracy of the results. 

7 Best value known; not included in the official list. 

+ This is the second isotope of hydrogen and is the only isotope included in the table, as no others have 
за yet been isolated to в sufficient degree to have their atomic weights determined, 

$ Тыз value varies from the basic figure of 1.1180 mg. because of the rounding off of the value of tho 
Pataday to 96,500 coulombe; other values alao differ in the same proportion 


atomic weight divided by На valence) be divided by the electrochemical 
equivalent of silver, we find that 


107.88 + 0.00111800 = 96,494 coulombs 


‘This quantity of electricity is called а faraday (Е). It is taken as 96,500 
coulombs or 26.8 amp.-hr. If 1 faraday be passed through an electrolytic 
conductor, 1 g. equivalent of some substance will be liberated at each elec- 
trode. If 1 faraday be passed through a solution containing several elec- 
trolytes, the summation of the quantities of the different products set free at 
ench electrode, when expressed in equivalents, will be unity. 

In practice more than 1 faraday is needed for the liberation of a gram 
equivalent of a substance. This is not due to the failure of Faraday's laws 
but to other causes. Side reactions may take place. The products of the 
electrolysis may suffer mechanical loss. Secondary reactions may take 
place at the electrodes. In addition there may be current leaks, short cir- 
cuits, and losses in the form of heat. ‘The ratio of the theoretical to the actual 
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Table3. Atomic Numbers, Atomic Weights, and Isotopes of 
the Elements 


Mean | Known 


5. | 3301526) 
7 | 130-132-134 135-136-137-138 


1139 


Atomic | mic wei is 
No. [Symbol] atomie [шоор Atomic weight of isotopes 

1.0078) 3 

4002 | 2 

$9 | 2 

9:02 | 2 

10.82 2 

12.01 2 

14,008 | 2 

16.0000) 3 

1:00 | 1 

20.183 | 3 20-21-22 

2297 | 3 |217) 

2432 3 24-15-26 

2697 | 1 |27 

28.06 3 28-29-30 

31,02 1 ЕД 

32.06, 3 32-33-34 

35 497 3 35-37-39 

39 944 3 36-38-40 

39.096 3 39-40-41 

4008 | 6 [40424344648 

45.10 1 45 

47.90 5 36-47-48-49-50 

50.95 1 51 

52:01 | 4 [5052-5354 

54.93 7 55(3L-3G) 

55M | 4 | 54565758 

58.94 2 57-59 

58.69 5 58-60-62-64 

$357 |2 |6365 

65.38 2 64-66-67-68-70 

972 | 2 јел 

72.60 | 5 70-72-73-74-76. 

74.91 | | 75 

78 96 6 74-76-77-18-80-82 

79 916 2 79-81 

83.7 6 78-80-82-83-84-86 

85.48 2 85-87 

87.63 4 | 486-87-88 

88.92 1 89 

91.22 5 90.91-92-94-96 

92.91 1 93 

a 0 .92-94-95-96-97-98-100-(102) 

8 
101.7 7 |96-:99-100-101-102-104 
102.91 2 101-103 
106,7 6 102-104-105-106-108-110. 
107. 880 2 107-109. 
12.41 9 106-108:110-111-112-113-114-116. 
114 76 2 113-115 
118.70 10 112-114-115-116-112-118-119-120-(121)-122-124 
12126 | 2 IB 
127.61 | 8 | 120-122-123:124:125-126-128-130: 
1692 | 1 [ur 
131,3 9 124-126-128-129-130-131-132-134-136. 
132.91 
1 
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Table 3.. Atomic Numbers, Atomic Weights, and Isotopes of 
the Elements—(Concluded) 


T Mes | Kaom 


No. | Symbol] atomie. шшр Atomie weight of isotopes 


58 | Ce |молз | 4 | 136-138-140-142 
9 |р | oz | | тат 

@ | Na |1427 | 5  |14243-H4-145-146. 

ei | | 

62 | Sm | 150.43 144-147-148-149-150-152-154 
63 | Eu | 52.0 151-153 

6 | Gd | 156.9 155-156-157-158-160 

6 | Th | 159.2 159 


161-162-163-164 
165 

166-167-168-170 
171-172-173-174-176 
175 
176-07-128-179-180 


4 |w [|140 182-183-184-186 
75 | № | 186.31 185-187 

76 | Oy |195 186-187-188-189.190-192: 
7 |r |1931 191-193 


192-194-195-196-198 
196-198-199-200-201-202-203-204 


= 
ЕЈ 
g 


8 |т | 204.39 201-203-205-207-209-211-213-215 
ва | Pb | 207-21 | 16 | 201-202-203-204-205-206-207-208-200-210-211-212-213-214.215.216 
| Bi | 209.00 | 14 | 205-206-207-208-208-210-211-212-215.214215-216-217-219 

D 

85 | Ab |221; | 

86 | ва |22 

вю | Vi [2H 

8 | Ra | 22605 | 4 |226228-230-232 

№ | Аг | 227. 

P |T | Bez | а n01212:24256 

92 | U |2807 | в |233234235-2%6-237-238-230240 


Norz.—Parentheses indicate an uncertain value. 


quantity of current used is the current efficiency. In a similar manner, 
the actual amount of a product formed from a definite amount of current, 
divided by the theoretical amount, also gives us the current efficiency. In 
commercial practice, current efficiencies may vary from as low ns 25 to 30 
per cent in the decomposition of certain fused salts and in chromium plating, 
to as high as 92 to 95 per cent in copper refining and 100 per cent in the elec- 
trolytic oxidation of anthracene to anthraquino: 

The current concentration is the current divided by the volume upon 
which the current acts. If a high concentration is to be produced of some 
compound subject to chemical decomposition, a high current concentration 
is desirable. 


Electrochemical Equivalents 
The electrochemical equivalents of the elements are tabulated. The use 
of the table, Table 2, has been simplified in that not only the ordinary valences 
of the elements are included but also the changes of valence which occur in 
oxidation-reduction reactions. For example, while iron exhibits the valence 
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of 2 or 3, m the reduction of ferric to ferrous iron there is a valence change of 1. 
In Table 2, valence changes of 1, when they are not a normal valence or nor- 
mal valence change of the element, are indicated as п. The calculations in 
Table 2 nre based on the 1938 atomic weights, being the work of Roush 
[rans. Am. Electrochem. Soc., 13, 285 (1938)]. Mass and energy conversion 
factors allowing greater ease of use of the electrochemical equivalent tables 
are given in Tables 4, 5, and 6. 


Table 6. Energy Conversion Data 
X 0.7405 
reaction 
p.-br. per а. X 1.3411 X voltage 
к. Der amp.-hr. X 1.6457 
` voltage of the reaction 
Hp-hr. per Ib: = amp. X 0.60786 >€ voltage 
g. per amp.-hr. X 6643.8 
voltage of the reaction 
в. per amp.-hr. X 14,426.5 
— voltage of the reaction 


Ke. per lip.-hr. 


Hp.-hr. per kg. 


Lb. per hp.-hr. = 


КЕ. рег hp.-yr. = 


Lb. рег hp.-yr. 

Coulometers. Galvanometers are used for the detection of current and 
occasionally for the measurement of small currents, For large currents, 
ammeters are generally used and time recorded. — Coulometers find applica- 
tion for the measurement of current (in coulombs) in small-scale experimental 
work. Measurement is made of the electrode products due to the passage 
of the current. From Faradny's laws, the quantity of electricity passed 
through can be calculated. Coulometers depend upon operation under 100 
per cent current efficiency. Side reactions must be eliminated. 

Coulometers are of several classes, In the weight coulometer the gain 
in weight of the cathode of an electrolytic cell, due to the deposition of metal 
from в solution of its salt, is measured. Volume coulometers are those in 
which the volume of a gas liberated as the result of electrolysis, or the volume 
of mercury set free during electrolysis of a suitable mercury salt, is measured. 
In titration coulometers the change in concentration or the amount of п 
substance set free at one of the electrodes is determined by analytical methods. 

‘The errors of coulometers are those inherent in the measurement, of weight 
and volumie or in titration, and also those due to imperfections in the coul- 
ometer itself. "The silver-weight and the iodine-titration coulometers are 
the most accurate, partly because of the high equivalent weights of iodine and 
silver (1 g. Ag corresponds to 894.53, 1 g. I to 760.33 coulombs). 

The silver coulometer has been much studied. On the accuracy of the 
measurement of quantities of electricity depend not only the value of the 
faraday and the definition of the ampere but also the value of the e.m.f. of 
the normal Weston cell which is employed аз a universal standard of e.m.f. 
‘The errors in the silver coulometer have been so completely eliminated that 
the results obtained for the e.m.f. of this cell by investigators in several 
countries, using three types of the coulometer, agree to about 1 partin 100,000. 
{See Rosa and Vinal, Bur. Standards Bull., 13, 479 (1916); Natl. Bur. Stand- 
arde, Sci. Paper 285.] 


Electrolytic Dissociation 
In dilute solutions of nonelectrolytes the gas Inw equation 
РҮ =nkT 


There, P is the osmotio pressure, V the volume 


applies to osmotic pressure. 
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of the solution, n the number of mols in the solution, R the gas constant, and 
T ihe absolute temperature. R = 0.0821 l-atm. per °K (the absolute 
temperature scale) or 1.985 cal. per deg... For electrolytes, P is always greater 
than the value calculated. For electrolytes the expression becomes 
PV = АРТ 

where i, always greater than unity, represents а degree of abnormality. 

‘The presence of в solute causes a depression of the freezing point of а sol- 
vent. For nonelectrolytes the extent of this lowering is given by the 
expression 


where A is the lowering of the freezing point, K is a constant, n is the number 
of formula weights of solute present in М formula weights of solvent. The 
value becomes 1,858 °K. per g. mol solute per liter. Electrolytes always give 
values which exceed 1.858. 

In order to explain this behavior of electrolytes, Arrhenius in 1887 formu- 
lated a theory of electrolytic dissociation. It was assumed that the mole- 
cules of electrolytes break up into equivalent quantities of positively and 
negatively electrified particles or ions when dissolved in water. The solu- 
tions of electrolytes are electrically neutral. The abnormal osmotic effecta 
produced by electrolytes may then be accounted for by the increase in the 
number of particles of solute present in a solution. The theory does not 
assume that all of the molecules in solution are dissociated, Let a equal the 
degree of dissociation or the fraction of each formula weight dissociated into 
ions, and п the number of ions into which each molecule dissociates, then 


1 = (L =a) +na 


1 + (n – ра 
@—1) 
(n —1) 


Thus а may be calculated from osmotic pressure or from. freesing-point 
determinations. 

When. n is the valence of the ion, the quantity of electricity carried by 
any gram ion is nF. One gram ion contains Avogadro's number of ions, which 
is 6.06 X 10%. А single ion must carry the charge equivalent to the amount 
carried by the gram ion divided by the number of ions present, or a simple 
multiple n of this quantity if the ion have a valence of more than 1. This 
ültimate quantity of negative electricity is called the electron, - It amounts 
to 


96,500 
(6.06 x 10:5 


Solutions of electrolytes in solvents other than water conduct, the electric 
current. Tt may be inferred that electrolytic dissociation takes place in these 
solvents. Substances which show conduction of the electric current in non- 
aqueous solutions are not necessarily dissociated in water. This solvent, 
however, is more effective in bringing about dissociation than almost all others. 
Molten salts exhibit the same phenomena as solutions of electrolytes. 

Solvents with high dielectric constants, like water, possess a high dissociat- 
ing power, while those with low dielectric constants dissociate dissolved 
material to а less degree. The attraction of electric charges for each other 


= 1.59 X 10-1 coulomb 
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is inversely proportional to the dielectric constant of the surrounding medium. 

In the newer theories, the electrie charges upon the ions are assumed to 
set up electrostatic fields which do not allow the ions to behave independently 
as demanded by the gas laws. The anomaly of strong electrolytes is to be 
attributed entirely to these interionic attraction: 

Debye and Hückel [PAysik. Z., 24, 185, 344 (1923); Ergebn. d. exakt. Natur- 
wiss., 3, 199 (1925) ; Physik. Z., 25, 97 (1924)] developed a theory that, owing 
to electrical attractions, an ion of а given sign will, on the average, be sur- 
rounded by more ions of unlike sign than by ions of like sign. When such a 
solution is diluted {о a very large volume, the ions become separated to such 
an extent that their mutual electrostatic attractions are no longer of signi- 
ficance, If the excess electrical work involved in this isothermal dilution 
due to the rearrangement of the relative position of the ions be determined, 
the extent of the deviation from the gas laws in terms of the activity coefficient 
of the ions can be calaulat 

Conductivity. In industrial operations, owing to the resistance of the 
electrolyte, certain amounts of electrical energy are converted into heat. 
From a practical viewpoint the resistance of the electrolyte is important in 
that it represents one of the ways in which electrical energy is consumed 

The resistance of any conductor of uniform cross section is 


=) 


where Lis the length, а the cross-sectional area, r the specifi resistance, and R 
the total resistance. ‘The specific resistance is defined as the resistance 
of a unit cube of a conductor of a given material, expressed in ohtns per centi- 
meter cube or ohms per inch cube, The reciprocal of resistance is conduc- 
tivity, and the reciprocal of specific resistance is the specific conductivity, 
denoted by K which may be defined by the expression 
+ мар ЗИ 
Кир а 
where 7 is the current and # the potential drop between the electrodes, 
Conductivity of a solution is a function of the nature of the electrolyte, 
the solvent, the concentration, and the temperature. Specific conductivity 
varies directly with concentration up to a maximum point, after which there 
isa decrease, The К —¢ relation 


Kı = Кы +20 — 18)] 


is almost linear, where b is 0.02 to 0.025 for sults and bases, and 0.01 to 0.016 
for acids, 

The equivalent conductivity (A) equals KV, where V is the volume of 
the solution containing 1 g. equivalent of the solute, A varies directly 
with У. К decreases with dilution except in very concentrated solutions, 
while A increases, ^ At first the change in value is rapid, gradually diminishing 
until, at sufficiently high dilutions, a practically constant maximum termed 
Au, or equivalent conductivity at infinite dilution, is reached. It oan be 
shown that Av/A, giving an electrical method for determination of the 
degree of ionization at any dilution. а increases with dilution, approaching 
1 as the limit. Equivalent conductivities of a number of inorganic acids, 
bases, and salts are shown in Table 7. The values for the concentrations of 
0.001 ЈУ are in many cases equal to or approximately the same as A., so that 
« values may be caleulated from the tables. From the relations А, = KV 
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and К = 1/7, А, = V/r, and т = V/As, the resistance of electrolytes at 
| various concentrations may be calculated from the tables. V can be cal- 
culated from the normalities or concentrations given. If, instead of 
malities, concentrations С in mil-equivalents per liter be used, the normalities 
must be multiplied by 10? and A, = 106 К/С, from which specific conductivi- 
ties and resistances may be calculated. The values in Table 7 are reciprocal 
ohms. This table has been condensed from those of Washburn and Klemene 
and Parker and Klemenc in the "International Critical Tables," vol. 6, by 
permission. 


Electrochemical Energy 

Differences of potential аге clectrochemically produced by voltaic or gal- 
vanic tells, which may be defined as any arrangement by which the energy 
of chemical reactions or of certain physical processes, such as diffusion, је 
converted into electrical energy. 

If the reaction involved in a voltaic cell be written completely as а thermo- 
chemical equation, and on an equivalent basis for the components involved, 
and the thermal energy be converted into electrical units, the electrical energy 
(in watts) divided by the faraday (in coulombs), the quotient of watts per 
equivalent divided by coulombs per equivalent will be volts. This will be 
the rough calculation of the theoretical decomposition voltage of the reaction 
ûf the cell under the conditions and limitations of the reaction. 

‘The effective voltage of a primary cell is а function of the amount of current 
drawn from the cell. "he greater the current, the lower will be the voltage 
across the terminals. When the current flowing is infinitely «mall, the voltage 
will have its maximum value, a figure which is termed the e.m.f, of the cell, 
or voltage on open circuit. Conversely, the greater the current forced into 
the cell, the higher the necessary voltage which must be applied across the 
terminals, With an infinitely small current the minimum value of applied 
voltage approaches the e.m.f. of the cell as a limit. 

The maximum amount of electrical energy can be developed only when a 
coll operates isothermally and its reactions are éompletely reversible. 

In a reversible process involving the conversion of energy, U = 4 = Q, 
where Q is the heat absorbed by the system (following the custom of thermo 
dynamics, hent developed by a reaction is taken as negative), and A the 
external work done by the system wher its total energy decreases by U. 
Electrical energy converted from chemical energy has a maximum value equal 
to A. In electrical units A = пРЕ, where n is the number of equivalents 
involved. 1f Q be negligible, 


| U = пРЕ 
and 
А U 
а) 


"Phe e.m.f. of a сей can be calculated from either thermochemical data or the 
| theoretical decomposition voltage of a compound. 
‘The relation between electrical energy of a system and the heat of reaction 
is given by the Gibbs-Helmholtz equation 
ТаА 
ar 
in which Т is the absolute temperature. In chemical reaction systems, the 
external work is small. Since А approaches zero as в limit, U = —Q. By 


A-U- 
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substitution їп the Gibbs-Helmholtz equation for А and U, we obtain 
TnFdE 
ат 
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ПРЕ +Q = 


whence 


nF dT 
li E be expressed in volts and Q in calories, then 

-JQ , TàE 
ар + ат 
where J = 4.182 is the electrical equivalent of heat. It will be observed 
that when dE/dT is positive, the em.f. of a reversible voltaic cell increases 
with rise in temperature; when zero, the electrical energy is equal to the 
chemical energy. By the use of this equation, heats of reaction may be 
determined by e.m.f. measurements. The equation also allows the deter- 
mination of the theoretical voltage of a cell for the calculation of the theoretical 
energy and energy efficiency. 

The existence of a definite tendency toward the passage from tho atomic 
to the ionic state is designated as electrolytic solution pressure (p). In 
general, the values decrease in the same order as the increase of the electro- 
positive character of the metal. The nonmetals are also assumed to have 
electrolytic solution pressures, the order in the case of the halogens and sulphur 
being fluorine, chlorine, bromine, iodine, and sulphur. If a bar of zinc be 
placed in water, some sine atoma give up two electrons each io the bar of 
metal, passing into the water as positively charged zinc ions. An electric 
double layer is thus formed at the interface of the tal and the liquid. The 
electrostatic attraction of the negative charges accumulating on the metal 
surface opposes the passage of atoms to the ionic state. If a piece of zinc 
be immersed in a solution of а copper salt, copper ions will discharge and 
deposit as copper atoms on the zinc, The negative charges on the zinc will 
be reduced, and more zinc atoms will be able to assume the ionic state, The 
amount of zinc entering the solution will be equivalent to the amount of 
copper deposited. When any metal A is immersed in a solution of a salt of 
another metal B haying a lower electrolytic solution pressure, B is deposited 
and А enters solution. Electrolytic solution explains the displacement 
of metals by others from solution, and the solution of metals in acida (dis- 
placement of hydrogen). When a metal of a high electrolytic solution pres- 
sure is in contuct with a solution of its own ions, the tendency of the atoms to 
pass into the ionic state is opposed by the osmotic pressure P of the metal 
ions in solution. Ир > P, the metal will dissolve; if P > p, the metal will 
deposit. 

The single-electrode potential is the difference of potential between 
the electrode and the solution around it. "The e.m.f. of a cell is equal to the 
differenee of the single-electrode potentials of the electrodes of the cell. 

E e — е2 
Where е and е: аге single-eleetrode potentials. The normal hydrogen elec- 
trode is the standard and a single potential of zero is assigned to #. А normal 
hydrogen electrode consists of a platinized-platinum plate, half immersed in 
а normal H* solution and half surrounded by pure hydrogen gas which is 
bubbled through the solution. The hydrogen is dissolved in the platinized 
platinum and behaves like а metal. А definite and reproducible potential 
difference is set up between the electrode and the Н+ solution. The single 


E- 


Е = 
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potential of an electrode can be obtained by measuring the e.m.f. of a cell 
in which the hydrogen electrode is combined with the electrode in question. 
The sign of this single potential will be positive or negative according as the 
electrode in question is the positive or negative pole of the cell. Such values 
are single-electrode potentials on the hydrogen scale. 

Table 8. Electrode Potentials 


| хо Volts, | Вен 
: | 
eT 
| [Batt ре = вана Lpse x 
| | Nac Fe = Мана (Grin iat, 
1.837) т 
К ег. 
Таун + 2e = Zn, . -07% : | 
бе + = Cr. Zoss). а. | 
Fett 2e = Те; 411 | 
сан +2 = са. pom з 
тие ТЇНє.........,.....]=033ф | 1 
Ми = М... t 
Sat! за = бп... езе 1 
ЕР. 012: 
He +e = ИШ... 0.000 
| 35:0» + 6H + 6e = 28b + 
ню | 0.14] + 
BiOCI + 2H* + 3e = Bi F 
| СЕ но | 0,158] wo» 
| Asis + 6H* + 6e = AS 
| Знао | oza u 
бир +2 = Cu. D34 7 
и 8 t| 
Ни + 2e = Zig 0:798) 1 
Ао 3e = Ап... 1.36 | + | 


‘Lewis and Randall, “Thermodynamics and the Froe Energy ot Chemical Substances,” MoGraw-Hi 
Now York, 1923. 

? Drucker and Luft, Z. рдун. Chem., 121, 307 (1926). 

1 Grube and Breitinger, 2. Blektrochem., 33, 112 (1927), 

* Haring and Van den Bosche, J. Phys. Chers., 33, 161 (1929). 

4 Jirsa and Jellinek, Chem. Listy, 18, 1 (1924): Z. Bleitrochem., 30, 286 (1924), 

Хос, 46, 2385 (1924). 

2832 (1922). 
46, 52 (1924). 
hem., 105, 337 (1923). 
‚ 40, 739 (1918). 


ction of the polarity between a metal and а 
solution, the sign of the charge on the metal is placed before the potential 
difference between the two phases—the so-called potential of the metal or 
the electrode potential. 

This convention, necording to Bancroft [Tran 
the only one which ean be adopted universal 
Bunsen Gesellschaft, the American Electrochemical ety, and the National Bureau of 
Standards and is employed by most European trochemists and largely in this 
country. Another convention, advocated by Lew J, Ат. Chem. Soc., 35, 1 (1913)], 
is extensively employed in this country. According to this, the potential difference of a 
metal-solution junction is considered as positive when there a tendency for positive 
electricity to flow from left to through the junetion written, and as negative 
when there is a tendency for positive eleetri to flow from right to left. 


Ат. Electrochem. Soe., 88, 79 (1918)} 
, has been adopted. officially by the 
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In solutions containing their own ions, noble metals (e.g., with electrolytic 
solution pressures lower than that of hydrogen) acquire a positive poten: 
while base metals (e.g., with electrolytic solution pressures greater than that 
of hydrogen) acquire а negative potential. In accordance with this eonven- 
tion, the potential of a metal in contact with a solution containing its own. 
ions is positive when p <P, and negative when p. P. 

A short arrow will sometimes be placed above a metal-solution junction 
to indicate the direction in which the positive current tends to flow. When 
the arrow points toward the metal, its potential is positive; when it points 
away from it, its potential is negative. 

The magnitude of a single-electrode potential will ђе a function of р and P. 
For reuctions of the reversible type, 


МФ =: Мм nO 
Nernst developed the equation 
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пер 


—RT log, £ 


on the assumption that the gas Inws are valid in respect to ions in strong 
electrolytes, where р is the electrolytic solution pressure of metal M; P the 
osmotic pressure of the M ions in solution; e the single-electrode potential 
corresponding to the equilibrium; Ё the gas constant; and 7 the absolute 
temperature. For dilute solutions, P is a function of c, the concentration, 
and P = kc. Then 


neF = —RT log, Р 
RT, p RT 
= log b += 
e= ағ Beg пр loge 
For a pure metal at а given temperature 
RT p 
~7 loke = бо 


or the normal electrode potential of the specific equilibrium, If T 
(18° C.), R = 8.32 joules and, using Briggs’ logarithms for the cation, 


(0,058 log с) 


е = to + 


and for the anion, 
_ (0.058 log е) 
n 


ва = 60 


ife = 1,6 = со. The potential of an electrode equilibrium is then the poten- 
tial difference of the electrode material and a molar solution of the ion inyolved. 

A table of electrode potentials will furnish data as to the quantitative 
aspect of electrode equilibriums in a concise form. А table of the more impor- 
tant single potentials is given, the values being taken from Gerke, “ Interna- 
tional Critical Tables,” vol. 6, McGraw-Hill, by permission. 

In addition to electrode reactions between metal electrodes and metal ions, 
gas electrodes exist in that hydrogen, the halogens, and oxygen also are known 
to ionize. Nitrogen, however, does not ionize. The gases are bubbled 
against the surface of a platinized-platinum electrode in an electrolyte con- 
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taining the ion concerned. The gases are dissolved or sorbed by the metal 
and can ionize. The P of а gas dissolved in platinum is a function of the 
concentration of the gas in the metal and the gas pressure on the entire system, 


Table 9. Reduction Reactions 


1 Refer- 
Vots | ence 
| —0.40 
| 034 
| —0.259 
—0.212 
| 0.07 
| 0.2 
| 0.37 
An 8455 
KiFe(CN)s + Kt + е  KiFe(CN)s...... | 0.486. 
зв F 2H* 4-37 = HAsO: + 1150. 0:57 
У 0.664 
| 077 
| ^a 
IE 1.25 
MnO: 4H + 2e = МАРЕ 2620. | мо Wap 
Ro lur снна | 
ог А dae = MG O | 
Сон +e = Cor. | Ver | 
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Many reactions, when resolved into their constituent oxidation and reduc- 
tion processes, give electrode reactions which involve transference of electricity 
from ion to ion. Cells involving these reactions are oxidation-reduction cells, 
and the electrode systems oxidation-reduction electrodes, The essential 
reactions are the chunges in the amount of electricity associated with the 
substances. For a reaction of the type M= = МУ + (x — y) Ф, the potential 
difference varies with ionic concentration according to the relation 


0.058 
n 


e == + log 


where c = concentration of M^ ions and с’ = concentration of МУ ions. 


When c 0. Table 9 gives representative values of oxida- 


= 1,106 


tion-reduction potentials for some common cells. 
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In. concentration cells, potential differences Ere set. up between electrodes 
in contact with different concentrations of the same electrolyte. The 
em. of a concentration cell is a function/of the ratio of the ionic concentra- 


tions at the two electrodes. Only, when the concentration ratio is large в 
the e.m.f. values large. 


Polarization, Overvoltage, and Passivity 
1. Polarization. If current from an external source be sent into a cell, 
the voltage of the cell terminals is raised above its static value. The cell 
is said to be polarized. When, however, an appreciable current is passing 
across the boundary between an electrode and a solution, the value of the 
potential difference between the two is changed from its equilibrium value 
as given by the Nernst equation. The differenes between these two values is 
called polarization. Complete or partial removal of this difference is termed 
depolarization. Any agent h does this work is called a depolariz 
‘A primary cell becomes polarized when discharged so that its e.m.f. falls 
f below its static value. When the potential of an electrode is raised, the 
electrodo is anodically polarized; when the potential is lowered or becomes 
ve, the electrode is cathodically polarized. The amount of 


of the electrode potential 

Owing to irreversibility of electrode processes and ohmic resistances in the 
cell at ‘ious points, the working voltage of а cell alway xceeds the theo- 
retical decomposition voltage. ‘The percentage ratio between the theoretical 
quantity of energy necessary for the production of a given amount of a sub- 
stance and the actual quantity of energy, the latter always being the larger, 
is termed the energy efficiency of the process. The energy efficiency may 
also be described as the product of the current efficiency and the percentage 
ratio of the theoretical to the actual voltage. 

Electrode processes occur essentially at the surface of the electrode in 
contact with the electrolyte or in thin films adjacent to these electrodes. 
‘The bulk of the electrolyte may be consideréd merely as a reservoir for ions 
and as a conducting medium. At the cathode the discharge of an ion would 
tend to reduce the concentration of the ions in the cathode film, As a result, 
the single potential of the electrode tends to become more negative and 
catho ation begins. The higher the current density, the greater will 
be the tendency for the concentration of the-ions in the cathode film to be 
reduced. This tendency is opposed by diffusion of the ions from the region of 
higher concentration in the electrolyte to that of lower concentration around 
the cathode. Convection currents, mechanical agitation, and other com- 
pensating processes will tend to reduce this form of concentration polarization, 
A similar set of eonditions holds true for the anode, with the exception that 
the single potential of the anode hence becomes more positive, 

ТЕ the current become so large that the concentration of metal ions on the 
cathode surface is reduced practically to zero, no larger current can pass, 
however great the potential difference be made, unless some other ions 
begin to deposit. This value is termed the limiting or maximum current. 
Tt depends upon the concentration, temperature, and rate of stirring of the 
solution. 

If the polarization occurring at ordinary current density be not greater 
than that accounted for by concentration polarization, the process is con- 
sidered да reversible. Otherwise the process is considered to he irreversible, 
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Polarization may be caused by factors which interfere with the шайт 
electrode. process. Films of nonconducting substances may form оп ihe 
electrode surfaces, and the current density at the unconted.sections of the 
electrodes will inerea: ormous polarization may set in at electrode 
surfaces completely covered with films. 

Commercial utilization of this type of effect is found in anodic oxidation 
of aluminum and its alloys, tantalum, and other metals in rectifiers, electro- 
lytic lightning arresters, et 

Electrolytic Rectifiers (see Electrical Section). Electrodes which, 
anodes, have become covered with an insulating film show different behaviors 
when employed as cathodes. With some the insulating layer is easily 
removed, but in the сазе of metals having difficultly reducible oxides (Al and 
Та) the film, continues for some time although H^ ions may be discharged 
through it. Such electrodes are electrolytic valves. They possess the 
property of permitting current passage only in one direction. А cell with 
an aluminum plate as cathode and a lead sheet as anode in a Suitable electro- 
lyte may be placed in series with and between а gen- 


erator and а storage cell battery. The interposed АЦЕ 
cell does not interfere with the charging current to 

the cells, but prevents the storage cells from “feeding А! 

back" to the generator when that machine is shut |, zm 
down. сум ЛАЙ 


Electrolytic valves may be employed as rectifiers 
for-a,c.-d.c. conversion. А typical arrangement is 
shown in Fig. 2. Four rectifier cells, each containing 
an aluminum electrode and one of carbon, iron, or Tig, 2,—Electrolytio reoti= 
platinum, are connected as shown. The film forma- fier, 
tion on aluminum allows the passage of appreciable 
current only when the electrode is used as cathode, From the figure it ean be 
verified that the current produced on the right-hand circuit will be-d,c,, and 
that both positive and negative waves of the а.с. are utilized. The energy 
efficiency is about 60 per cent. 

It во happens that cases polarization is definitely necessary for the 
production. of «the desir trode process. In chromium deposition, the 
cathodic hydrogen film is an important factor in the production of the chro- 
mium metal. Polarization effects may markedly affect the type of deposite 
obtained, When these cannot be eliminated by variation of current and 
voltage, depolarizers are employed. In high-quality nickel plating, hydrogen 
adsorbed by the nickel affects the ductility of the metal. Oxidizers like 
hydrogen peroxide are added to convert the hydrogen codeposited with the 
nickel into water. Chlorides in various plating baths and in refining solutions 
find application in overcoming anode polarization by increasing the rate of 
anode corrosio: 

2. Overvoltage, Hydrogen Overvoltage. Even at low current den- 
sity, some polarization is usually needed to cause cathodic hydrogen evolution. 
At higher current density, these polarizations may be of considerable magni- 
tude. The polarization voltage needed for the evolution of a gas at an el 
trode material is known as the overvoltage of the material for the gas under 
the conditions stated, The hydrogen overvoltage of an electrode is the 
difference between the (actual) cathode potential for hydrogen evolution and 
the equilibrium (theoretical) potential of hydrogen in the same electrolyte. 
Hydrogen overvoltage of an electrode material may be obtained from the 
current-density-electrode-potential curves for hydrogen evolution at a 


АЁ 
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cathode of that material. The values vary directly with the current density, 
the extent of this increase usually being greater than accountable by concen- 
tration changes in the electrolyte. Hydrogen overvoltages at very high 


Table 10. Overvoltage, Н: at 25°С. ; Electrolyte 2N H.80,*, 1, t, $, |, 1 


| Amp. per sq. em. 
[em [on | ол [в | ш 
1 T 
UT ЧҮТ; tara | 19 
ов | 16 | ru | та | 13 
os | os | ow | 18 | 15 
99 | r5 | та | 15 | 18 
| gu | от | o9 m Im 
òa | оз | os 119 | 15 
02 | 0.29 | об | ов | го 
024 | 039 | 05 | 077 | 08) 
| ое | оз | 08 | KH | 122 
94 | 05 | 0 | 15 | 18 
052 | vo | tis | FX | 136 
0:9 гы | тог | ti | ng 
035 | 038 | 0. | 086 | 10 | 
| 056 | 025 | 15 | та | га 
Palladium. | 012 | 03 07 1 1 
Platinum, рш. | 005 | оз | o | oos | 005 
Platinum. вои. | 9094 | o | 029 | 05 | oo 
Silver 047 | 076 | os | LO | 10 
Telluris. 04 045 | сав | ом | 06 
OR zee On NU E | ом | го 12 | ти UB 
fine ва | ws | 16 | rm | ovn 
* Knobel, J. Am. Chen. Soc. 48, 2613 (1924). 
Kabel, J. Am. Chem. Soc., 46, 2751 (1924) 
Knobel, Caplan, and seman, Trans, Am, Electrochem. Soc., 43, 55 (1923). 
Knobel'and Joy, Trans. Am. Electrochem. Sor., 44, 443 (1928), 
Newbery. J. Chem, Soe, London, 105, 2419 (1914). | 
1 Newbery, Trans, Faraday Soc. 18 Г. 126 (1919), 
Table 11. Overvoltage, О: at 25°C.; Electrolyte 1N КОН“ 
| Amp. per aq, em. 
[ow [on | м |» lw | 
| 
| | 
| oa | оз | os | ом | om | 
| ew | o3 | та | 18 | ге 
95 | 09 io | re | UM | 
93 | osz | 073 | ою | 08 | 
@ | 0% | се | 074 | 076 
94 | o3 | он | on | o7 | 
| oz | os | ræ | из | re 
058 | 073 | 0% | ro | 113 | 


“References us under Table 10, 


current density for nearly all substances approach limiting values of about 
1.8 volts. А table of hydrogen overvoltages for various metals (Table 10) ia 
given above. This is condensed from Knobel's data in "International 
Critieal Tables,” MeGraw-Hill, by permission. 
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Hydrogen overvoltage values for most cathode materials are oi practical 
importance even at moderate current density. The highest hydrogen 
overvoltages are shown by the soft metals of low melting point, while those 
of high melting point have relatively small values. 

Overvoltage depends upon a large number of factors such as condition of 
the electrode surface, purity of the electrode, temperature, impurities and 
colloidal substances in the electrolyte, external pressure, imposed a.c., current 
density, and time of electrolysis, 


Table 12. Overvoltage, Cl: at 25°С.; Electrolyte Saturated Solution 
of NaCl or KCl* 


Amp. per sq. ош, 


0.001 [t] 01 05 10 
Graphite... cscs. | a | 025 | os | 05 
Platinum, 19а: 7, | 07605 | ooi | 0:06 | 0% | 0% 
tinum, smooth. . | oos | 0:05 0:054 | 046 0:24 

| 


Overvoltage, Br: at 25°С,; Electrolyte Saturated Solution of NaBr ог 
KBr 


Amp. per sq. еш. 


Graphite 0.002 046 | o5 
Platinum, plai 0.002 0:07 02 
Platinum, smooth d 0.002 0:26 04 


Overvoltage, 1: at 25°С.; Electrolyte Saturated Solution of Nal or KI 


0.01 о 05 10 
Graphite... 0.013 | or 0.4 08 
Platinum, platinised. . 0:06 | 0,0 0,09. 02 
Platinum, smooth, 004 | 00 0.12 022 


“References are same as under Table 10, 


Overvoltage necessitates increased energy expenditure in the separation of 
electrolytic gases, In addition it may actually change the nature of an eleo- 
trode process ав the result of the change of electrode potential. 

Oxygen Overvoltage. In a manner similar to hydrogen overvoltage, 
oxygen overvoltage exists in the course of anodic evolution of oxygen. Only 
the noble metals, and a few others like those of the iron group which can be 
“ennobled,” ean be satisfactorily employed for the evolution of oxygen. A 
table of values is given in Table 11 (condensed from Knobel's tables in 
"International Critical ТаЫез.”) 

Halogen Overvoltage. Overvoltages for the halogens exist of a nature 
comparable to hydrogen and oxygen overvoltages, On continued electrolysis 
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these frequently attain very large values. Values for chlorine, bromine, and 
iodiné overvoltages are given in Table 12 (condensed from Knobel’s tables, 
in ‘International Critical Tables," McGraw-Hill, by permission). 

3. Passivity. In the case of the iron-group metals and chromium, 
solution of these metals as anodes may be displaced hy other reactions without 
the formation of visible films on the anode. Normally the anodic solution of 
this group of metals requires a considerable polarization, but at higher 
current density, oxygen evolution sets in, the metal is “passivated" or 
ennobled. Reduction of current density does not immediately eliminate the 
passive state of the metal. Similar phenomena occur with other metals, 
particularly with the noblé ones whose reversible potentials and oxygen- 
eyolution potentials are close together. In general, halogen ions interfere 
with passivity while oxidizing ions favor its inception. Chromium and its 
alloys are easily rendered passive and are thus resistant to anodic solution or 
corrosion. Passivity may markedly affect the type of anode reactions taking 
place. 

The passive state in metals when used as anodes in electrolytic cella is 
analogous to chemical passivity, a state which is of considerable importance 
in the corrosion resistance of metals when used as structural materials, 

Many theories of anodic metal solution and passivity have been proposed. 
In general, the anodic polarization required for the solution of certain metald 
is attributed to the formation of metal-oxygen complexes at the electrode 
surface which make the single potential of the electrode more positive and 
hinder its solution. The value of this quantity may become so great that 
other anode reactions set in. The passivation of а metal, whether anodio 
ог chemical, will be fayored by those conditions which tend to produce a 
high oxygen concentration in the surface layers of the metal. 

Superimposed A.C. on D.C. Superimposing an a.c. on d.c. in electrolysis 
causes a decrease in electrode potential, reduces any irreversibility of the reac- 

n, acts as а depolarizer, reduces hydrogen overvoltage [Goodwin and Knobel. 
Trans. Am. Electrochem. Soc., 37, 617 (1920)], affects oxygen evolution at 
anodes [Grube and Dulk, Z. Elektrochem:, 24, 237 (1918)], lowers chlorine ove» 
voltage, aids anodic solution of metals, and allows higher current density of 
d.c. at an electrode. 

The electrochemical effects are a function of the direct current, and the 
ratio of a.c. to d.c. and the frequency of the a.c. determine the magnitude of ita 
effects. The modified Wohlwill gold-refining process is the only industrial 
use of superimposed а.е, on d.e, 


Primary and Secondary Cells 
Batteries. The conversion of chemical into electrical energy is the funo- 
tion of primary cells or batteries. The term batteries is usually applied to ап. 
assembly of identical units or cells, but is often loosely used for designating 
а single unit. In а primary battery the chemically reacting parts require 
renewal or replacement, while in a secondary or storage battery, reactions 
being reversible to a high degree, the chemical conditions are restored after 
partial or complete discharge by reversal of the current flow, by sending 
electric current into the cell. The high cost of primary batteries makes the 
production of electricity in large quantities from them impractical, so that 
they ure largely used for services of an intermittent nature, or for those 
demanding electrie current for short times, 
From the table of single-electrode potentials (Table 8), we сап determino 
the emf. of a primary cell resulting from the combination of two electrode 
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systems, one with a high positive or oxidizing and the other with a strongly 
negative or reducing potential. The e.m.i. of the resulting cell is then the 
difference between the two potentials. A large number of systems may be 
theoretically set up, but in the case of most of them they will be found unsuited 
for practical use because of chemical activity of the anode material, cost- 
liness, or tendency to passivity, as well as other reasons. In practice zine 
is almost invariably the soluble anode in a primary cell. 

On the assumption that the electrode system and its resulting reactions 
are reversible, the e.m.f. of the cell may be calculated from the Gibbs-Helm- 
holtz equation. If the cell has a zero temperature coefficient, the theoretical 
e.m.f. may be calculated from the heats of reaction of the materials of the 
cell. In practice, however, electrode systems never behave absolutely 
reversibly. At times the degree of irreversibility is considerable. Inasmuch 
as soluble anode materials are commonly used snd oxygen evolution does not 
occur, passivity is the only irreversible effect to be feared. This is eliminated 
by the proper choice of metal and electrolyte, At the cathode where the 
process is a discharge of a metallic ion to metal, the reaction takes place very 
nearly reversibly. If, however, the cathode system is an oxidation-reduction 
electrode consisting of an oxidizing agent in contact with an indifferent eleo- 
trode and serving to depolarize the discharge of hydrogen ions, а considerable 
overvoltage may be needed for the hydrogen discharge which will in turn 
lower the e.m.f, of the cell. If depolarizers are used, the e.m.f. of the cell is 
increased above the value corresponding to reversible cathodic hydrogen 
discharge. The reaction occurs so quickly between the depolarizer and the 
discharged hydrogen that the electrode never becomes saturated with the gas, 
and hydrogen discharge takes place at a less negative cathode potential, 
‘The more effective and rapid the action of the depolarizer and hydrogen, the 
lower is the hydrogen concentration in the electrode, the more positive the 
cathode potential, and the more nearly it reaches ita equilibrium value, 

Liquid depolarizers act more rapidly than do solids but tend to diffuse 
toward the anode which they may strongly attack. This may necessitate a 
diaphragm between the anode and the cathode, which increases the internal 
vesistance of the cell. For satisfactory use solid depolarizers, in addition to 
reacting quickly with the discharged hydrogen, should have high electrical 
conductivity and make good contact. This may be obtained, as in the case 
of the dry cells, by adding graphite to the MnO» depolarizer. 

Internal resistances in the cell lower the e.m.f. of the unit. These may be 
due to the type of construction, diaphragms, concentration changes, electro- 
lyte resistances, as well as those of а film or polarization nature пој taken 
care of by depolarizens. 

Scores of different primary batteries were on the market a generation ago, 
but now only а few of commercial importance. At the present time the 
list includes the Daniell cell, the Lalande, and the Leclanché of which the 
dry cell and the Féry cell are modifications. Of the entire group, the dry 
| is by far the most important, followed by the Lalande, often termed the 
caustic вода primary battery. Table 18 lists laboratory and commercial 
cell systems. 

‘The Daniell cell consists of the system 


Zn | ZnSO, | CuSO, | Cu 


and the chemical reaction is 
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‘The cell e.m.f. isa function of the concentration of the ZnSO: solution, having 
a maximum value of about 1.14 volts. If the 2180, solution be not acid 
with HaSOu, the voltage is 1.07. Inasmuch as the chemical reactions between 
the constituents of the cell continue whether the cell be used or not, the setup 
is not adapted to stand on open cireuit. 
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Table 13. Primary Batteries 


Туре | System 
Bist аи | О piri овны ИК ОДО, 1.94 
ichromate or Родеппе{. : | Нада | part HsSO4 + 12 parta H:0|coneentrated solutio: 

NasCrsOr-+ Н5ЗОЦО | 2.00 

Danfell or gravity. "HaZn|5 9; solution ZnSO.. 6HsO|snturated solution. 
CuSO,5HsO|Ou | 1.07 
Юу... у.с... |, Дај 120 NEACH solution depolarizing C 12 
Grove... - Нейл 1 part H:804 + 12 parts HeO|fuming HNO,|Pt 1:66 
Leclanohé `| HgZn|20% МЕЗО! solution—MnOxiC 15 
Lalande $ "Я 18-1995 NaOH solution-oxides of Са] Си 0:95 
Dry сей. анас ZnCle—MnO4 C 1:53 
Те Carbo: Zn|20% NaOH ересь C. 14 
ir coll. Znisolution NaOH]epedal C 1:25 


A modification of the Daniel cell is known as the gravity battery, shown 
diagrammatically in Fig. 3. Phe heavier Cu8O« solution is placed at the 
bottom of the cell in contact with a spread-out copper- 
sheet electrode to which a rubber-eovered wire connec- 
tion is made. The zinc electrode is frequently in the 
form of a cast crowfoot suspended at the top of the jar, 
surrounded by 2080, solution which has been carefully 
poured on top of the Си8О‹ solution. The edges of the 
jars аге ordinarily coated with paraffin to prevent creep- 
age of ZnSO, crystals over the top, and evaporation is 
reduced by covering the solution with a thin layer of 
mineral oil. It is estimated that under average condi- 
tions only about 30 per cent of the zinc is electrochemically utilized. 

The Lalande cell has а soluble zinc anode, an alkaline electrolyte, and a 
solid cathodic depolarizer. The system is Zn | alkali solution-oxides of cop- 
рег | Cu. "The electrolyte is usually 18 to 19 per cent NaOH. The construc- 
tion of a typical cell is shown in Fig. 4. The CuO acts as а depolarizer and is 
made either in а compressed or їп п loose form. In the manufacture of the 
compressed form, the CuO is first made in а very fine powder, mixed with a 
binder, and compressed under heavy pressures, then given a baking treatment, 
after which the outer surface is metallized by partial reduction to lower the 
resistance, inasmuch as CuO alone is a very poor conductor. The com- 
pressed oxide element is usually a flat plate or a hollow cylinder. In com- 
mercial cells the zinc electrode is usually cast in a cylindrical form and 
amalgamated with mercury, so that the electrode contains as much as 
2,5 per cent of the latter metal. ‘The CuO and zinc electrodes are mounted in 
а glass jar made of heavy construction to withstand the corrosive action of 
the caustic solution, and the electrolyte covered with a layer of mineral oil to 
prevent absorption of CO: from the atmosphere by the solution as well as the 
evaporation of the solution. Purity of materials is quite important for the suc- 
cessful operation of the cell. In the Edison type, the electrodes are fint 
plates, the compressed conver oxide being in the center of the cell on each sid 
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of which із а zinc plate cast with ribs. The construction of the cell is shown in 
Fig. 5. 

"The chemical reaction of 
the cell may be given as 


Zn + 2Na0H + СиО = 
Na:Zn0: + H:O + Cu 


The emf. of the cell is 
about 0.95, but the termi- 
nal yoltage drops to less 
than two-thirds of this 
when heavy currents are 
furnished. The internal 
resistance of the cell is low. 
Itis adapted to both closed- 


and open-circuit work. Unit Cylinder 

;ylinder Cell, Cut of Exhausted Cell; 
Because of its simple con- conforming to АВА. Normal Electrolyte 
struction, ready working, Specifications 


relative cheapness, апа 
despite its low voltage, it 
hus found extensive use for the operation of signal systems and for railway 
work. Batteries are commercially manufactured 
in sizes from 75 amp.-hr. up to cells with a rated 
capacity of 1,000 amp.-hr. When cells are run 
down, fresh zine plates are added and the oxide 
electrode, which has been largely reduced to сор- 
per, washed and reoxidized by heating at 150°C, 
‘The Leclanché cell is of the system 


Zn|NH.Cl — MnOj|C. 


‘The electrolyte is a strong НАС! solution, usual- 
ly nbout 20 per cent, to which various hygro- 
scopie substances, such as glycerin, ZnCls, or at 
times CaCls, may be added to lessen the tendency. 
of the cell to lose water. The reaction of the 
cell is given as 


Fre, 4,—Lalande cell 


dison coll. 


Zn + 2NH4CI + 2Mn0: = Zn(NH3):Ch + H«O + МО; 


Tn the original form, the carbon rod was contained in 
^ porous cup filled with crushed carbon and MnO:, 
the mixture being tamped to obtain intimate contact. 
In later forms the MnO: and carbon were molded 
by the use of a binder into a cylindrical form, the 
i 'od being suspended centrally as in Fig. 6. The 
cell e.m.f. is about 1.5 volts, but the terminal voltage 
drops rapidly when heavy currents are drawn from 
the cell, showing values of 1.1 to 1.2 volts at currents 
аз low as 0.1 to 0.2 amp. for an ordinary cell. The 
cell is suitable for open- or closed-circuit work if 
large currents be drawn intermittently and only for ү, кэр 
а short time. The dry-battery modification of the — P'9- 8—Leelanché cell. 
Leclanché cell has largely replaced this unit in commercial work. 


Carbon and 


Mn Og 
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Dry Cells. The dry cell is so built that its electrolyte is contained in an 
absorbent material which prevents Из spilling out with the cell in any position. 
The cell, however, is not dry, as one of 
the essential requirements in its construc- 
tion is io be sufficiently wet wider all 
ordinary conditions. ‘The zinc electrode 
is made the container for the cell, the 
electrolyte consisting of a water solut 
of МАСТ end ZnCl, held partly in 
adsorbent matérial that lines the zinc 
container and partly in the mixture of 
ground carbon or graphite and MnO: 
which serves as a depolarizer. The lat- 
ter is bulky and occupies most of the 
interior of the cell. Often the electro- 
lyte is made into a jelly by the use of 
colloidal materials such as gum traga- 
canth, agar-agar, flour, or, more com- 
monly, Та American practice 
the cell is completely sealed at the top, 
the newer types having a vent for the 
escape of gi 

The cells are made in two general sizes, the larger ones for ignition, eignal- 
ing, and miscellaneous intermittent use, the smaller ones for flashlights; radio 
batteries, and similar purposes. In the case of the larger cells the zine 
container is made of sheet with the 
bottom soldered with lap seams, but 32 
in the smaller cells the containers are 


FEET 
пана 


Ц 


сы: 
жеш 


оу сен | ||| 


zine stampings, The sine, for elec- 28 сенг. 
trochemical reasons, must bave a допао тиене = 
high degree of purity but to with- 2, Current етан | | | 


stand the manufacturing operations 
must also have good mechanical prop- 
high tensile strength 
elongation as well as stiffness. The 
use of pure zinc avoids galvanic 
couples and local corrosion of the 
metal. 

The electrical conductivity of the 
MnO; depolarizer is very low, so that 
granulated carbon, more or less com- 
pletely graphitized, is added to 


increase the conductivity of the mix- — 4 5 
ture. As regards the МИНАС elec- CEES 
trolyte, it is desirable that it be fi 0. L = — Y 
rolyte, it is desirable that be е 04 06 08 10 ГЛ if 


of metals such as Cu, Pb, Fe, As, Ni, 5 
Co, and Sb, which may be plated out черан 

by the zinc, as well as free from neg- Fic. &.—Dry-cell characteristics. 
ative radicals, such as sulfates, which form compounds less soluble than the 
chlorides. Insulation and sealing compounds are usually resin, sealing wax, 
or bituminous pitches with fillers such as ground silica, fibrous talo, and color- 
ing matter added. The entire cell is ordinarily insulated by a paper container 
or carton surrounding it. 
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Two general methods бї manufacture are employed. In the first, used for 

the large cells, the zinc container is lined with a sulphite- and ground-wood- 
pulp board into which the MnO-—NH,CI—ZnCl« mixture is tamped around 
the central carbon electrode, after which the cell is sealed with a sealing com- 
pound. In the manufacture of cells of the flashlight type, the carbon rod 
with its surrounding mixture of depolarizer and electrolyte is wrapped in a 
muslin bag and tied with a string, forming а unit which is placed in the zine 
can, leaving sufficient space between the two for the electrolyte in the form 
of à paste А solution of ammonium chloride and zinc chloride used for the 
electrolyte ів thickened with four or starch. ‘The so-called desiccated cell 
is manufactured dry, being either 
of the paper-lined or of the ba 
the cell being provided w - 
opening in the seal or the center of 
the carbon rod, through which the 
water necessary to make the cell 
active may be introduced. Daniels 
(Trans. Ат. Electrochem. Soc, 53, 
45 (1928)] has calculated that the 
energy of а 00-g. D-cell is equal to 
almost 13,000 watt second 
a unit will deliver about 2. 
hr. before its voltage falls to 1.13 Dor actore et 99 
volts on a discharge through 83.3 тд. 9 ‘Temperature-current-voltage rela- 
ohms for 4 иг. a day. These con- RE 
ditions correspond to radio use. 
The average voltage during this discharge is 1.3. "Table 14 gives the comt 
mercially important. dry-cell sizes and voltages. Figure 8 shows dry-coll 
haracteristies, and Fig. 9 shows о effect of temperature on the voltage 
and amperage of No. 6 dry cells. 


Table 14. Dry Cells 


Short Circuit Amperage 


ES 
= 
= 


Open Circuit Vettage 
AN 


= 


8 


Туре E TS UF TI = 
Diameter, fn. | Height, In. | Diameter, mın. |. Height, mm: Mm 
4 X LE Fame he eal ES 1.47 
в P 28 19 54 1:8 
@ їйє Tike a | * 149 
b les Bit (Ө Eo 1:50 
Е is d мт 2 73 1,50 
y | у 32 я 1:50 
6 ж é Los 152 ЏЕЈ 


The Féry cell їз а modification of the Leclanché type for use-where very 
low currents are required, designed to avoid the use of cathodie depolarizera 
completely, relying on air dissolved in the carbon for depolarizing the hydro- 
gen discharge. The type used on the French railways consists of a glass jar 
at the bottom of which a zine-plate anode rests. External conneétion is 
made by a copper wire insulated from the electrolyte. The anode plate 
carries a eross-shaped insulator of synthetic plastic or ebonite ontop of 
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which the hollow carbon-cylinder cathode rests. The cathode is about half 
the diameter of the jar and is pierced with holes. It projects several inches 
above the surface of the electrolyte which is 12 per cent NHaCl. Oxygen 
for depolarization is adsorbed from the atmosphere by the carbon. А cell 
weighing 2.1 kg. has а 90 amp.-hr. capacity and an open-cireuit voltage of 
about 1.2. In practice the cells are discharged at currents of 20 to 30 milli- 
amp. and have a life of about 6 months. 

The most recent development іп pri- 
mary cells has been the manufacture of 
so-called breather batteries or air cells 
of the system Zn | 10 to 20 per cent Ё 
NaOH | C. No depolarizers are em- 
ployed, inasmuch as the carbon is of an 
adsorbent type which takes up oxygen 
from the air for depolarization. Two- 
cell units are manufactured for operation 
of 2-volt radio tubes. The cell shows an 
open-circuit voltage of ubout 1.25 and 
a closed-circuit voltage of 1.12; a closed- 
circuit amperage of 0.38. ‘The batteries 2 
are said to be good for about в year of Гс, 10. ell battery. 
average service when used in connection 
with radio reception. ‘They were developed for rural districts not served by 
power lines, Figure 10 shows the construction of the air cell of the National 
Carbon Co. Figure 11 shows the voltage characteristics of this buttery. 

Primary batteries of the adsorbent-carbon depolarizing type are also built 
for semaphore, highway flashing systems, lighthouses, railway-signal and 
similar work. A typical one is the Le Carbone cell, the construction of whi 
is shown in Fig. 12, and the 
characteristics in Fig. 18. 825 
А cell whose cylindrical 2 
glass jar is approximately £20 
10 in. high and 7 in. in di- P 
ameter is rated at 500 i а 
amp-hr, with initial 0 
closed-circuit voltage of 
over 1 volt nt rates of dis- 
charge not greater than 3 
amp. ‘The positive or carbon element has a capacity of 2,000 to 2,500 amp.- 
hr., while the zine circular element weighing about 825 g. Insts 500 amp.-hr., 
after which it is renewed. The cell holds about 4 1. of a 20 per cent NaOH 
electrolyte, which is renewed every 500 amp.-hr. The open-circuit voltage 
of the cell is 1.4 to 1.5 volts, 

Secondary Cells. Cells which are reversible to a high degree, in that the 
chemical conditions may be restored by causing current to flow into the cell 
on charge, are used as storage batteries or electric accumulators. The 
Daniell or gravity cell as well as the Lalande is reversible to a high degree, 
but these cells have practical disadvantages preventing their use as storage 
batteries. The form in widest commercial use is the Pb—HsSO, type. The 
only other form of any prominence is the Ni-Fe-caustie cell, often termed the 
Edison battery, 

The positive pole of a battery is that from which the current flows into the 
external circuit, | In storage-battery practice, positive plate is one which is 
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Fig. 11,—Voltage characteristics of air cell, 
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connected to the positive pole and a negative plate one which is connected 
to the negative pole. 

The РЬ—Н:803 battery system is PbO: | H:S04 | sponge Pb. On discharge 
of the battery both the peroxide on the positive plate and the lead on the 
negative plate are quantitatively converted 
into РБВО, according to the reactions 

PbO: + #3804 = PbSO, + H:O + O 


and 


Pb + Н:304 = PbSO, + 2H 
which may be combined into the reaction, 
PbO: + Pb + 2Н3304 = 2PbSO, + 2Н.О 


which, when read from left to right, is the 
equation of discharge and, inversely, the reac- 


tions during char; ETE 
The active materials, the PbO» оп the posi- | zo ras; = А 

tive plate and the sponge lend on the nega- || earhoae Zine} 
tive plate, are crystalline in structure and the | | (/arical) eireular 
intergrowth of the crystals holds the masses We 
together. It is probable that the positive 

active material is a hydrated peroxide of lead 20% NaOH Руни 
as it exists їп the coll, Many commercial tefrolyte lore 


modifications of plates have been propose 
and are in use either for forming the active 
materials in place or for applying them and 
holding them in place by some mechanical 
structure. In general the plates may be of the 
Planté type comprising a mass of lead, usually of flat form, with а highly 
developed surface on which the active material is electrochemically formed 
as a coherent layer, or pasted plates in which the uctive materials are cemented 
musses supported in a grid, usually of lattice form 
‘The capacity of a storage cell is stated in 

ampere-hours at some normal rate of d 
charge, the S-hr. rate being standard with 
lead cells of the stationary type. The 
capacity of a cell with a definite type and 
thickness of plate is ih proportion to the 
plate area. "The e.m.f., or open-circuit volt- 
age, of any storage cell depends wholly upon 
chemical constituents and notin any way 
upon the number, or total area, of the plates. 
It varies further with the strength of the i SEE 
electrolyte, temperature, and to a minor Terminal Voltage 
extent with the state of charge of the plates, — enm 

А 1 3.—Current-voltage relations 
internal, resistance of the cell, polarization, of Le Carbone call 
and acid-concentration effects, Per am. 
pere-hour of discharge, the amount of active material converted into PbSOs 
is 0.135 ол. sponge lead and 0.156 oz. РБО-, independent of the rate of dis- 
charge. The amount of active material actually present in the plate is some 
three to six times that which under normal discharge of the cell is converted 
into PbSO.. Part of this excess is present to give long life to the plates. 


‘Le Carbone caustic cell, 


س 


Discharge, Amperes 
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The open-circuit voltage of a lead cell varies from 2.06 to 2.14 according to 
the strength of the electrolyte and the temperature and may be ealculated 
from the formula | 


Е = 1.850 + 0.917 (G — g) 


where G is the specific gravity of the electrolyte and û the specific gravity of | 
water at the cell temperature, 

"Typical charge and discharge curves for the stationary type of lead cell | 
аге given in Fig. 14. It is often desirable to determine the relative perform- 
ance of positive and negative plates in a cell. This may be done by taking 
the voltage between either group and a refer- 
ence electrode such as zine, sponge lead, or 260) 
preferably cadmium. Cadmium curves are ^ z| | | 
included in the diagram. 

Storage batteries are used for stand-by elec- 240 ganar poesie 
trie power services where the pasted-plate == 
type is preferred; for electric vehicles; train 220 
lighting; gasoline-engine and automobile start- 210 
ing, lighting, and ignition; signaling and con- 2 
trol work, as well as for many other 
applications. 

‘There are only two alkaline storage batteries 180 
in commercial use, the first being the Hub- 
bell consisting of the system Ni threads and o20 
Ni oxide | КОН | Fe, used in miners’ lamps, _ су 
and the more important Edison battery con- 
sisting of the following system: finely divided о 
Ni + Ni peroxide | 21 рег cent КОН | finely -20—73 4567 89 
divided Fe, The active materials of the Edi- S 
son battery consist of nickel peroxide for the ^ Fro,  14—Typieal = charge- 
positive plate and finely divided iron for the discharge curves of lend storage 
negative. Small amounts of LiOH are added. battery. 
to the electrolyte, and certain amounts of 
mercury are incorporated with the iron of the negative plate to vvercome 
the passivity of the iron, while layers of flake nickel are added to tho positive 
plate nickel oxide to increase its conductivity. The reactions of the cell are: 


ВОН + 3Fe = FeO, + 490 


SK + 6NiO: = 2Ni;0, + 4K:0 
* ЗКОН + 6NiO: + 3Fe = Ее;О‹ + №04 + SKOH | 


ог 
6Ni 


+ ЗЕе = Fe;O; + 2Ni,04 


which, when read from left to right, are the reactions of discharge and, 
inversely, those of charge. It is probable that the iron and nickel oxides 
are both hydrated. In charging the battery, the electrolyte density does not 
change as in the lead storage cell, but concentration changes of the electrolyte | 
in the pores of the active materials do occur with perhaps the formation of 
higher oxides of nickel. 
The positive plate consists of a nickel-plated steel frame into which are | 
filled with alternate layers of nickel hydrate and 
The tube is made from » thin sheet of 


pressed perforated tube: 
metallic nickel in very thin flakes. 
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steel; nickel-plated and perforated, and has a spirally lapped joint. The 
negative plate consists of a grid of nickel steel with oblong openings into which 
perforated steel boxes containing finely divided iron with mercury are placed. 

Characteristic normal charge, and discharge, curves for the Edison battery 
are given (Fig. 15). The average voltage on discharge is approximately 1: 
the initial open-cireuit voltage 1.5, and the final voltage at the end of discharge 
a little less than 1. 

Edison cells are used for ignition and lighting of gasoline motor cars but 
because of their high internal resistance are not used for motor starting. 


They find application in electric vehicles, зру 
storage-battery street cars, mining 100 те aj 
motives, and industrial trucks. Incon- 9160 

tradistinction to lead storage batteries, $ ı4o | | 

they are not used for load regulation in 120 сауа | 
power systems because of their heavy $100 | PU 
voltage drop at high discharge rates. ^ 080, 1 
The commercial cells show ampere-hour О VET ade Si 


efficiencies of 82 per cent and watt-hour 
efficiencies of 60 per cent, and an ауег- 
age capacity of about 13 watt-hr. per Ib. 
of cell. The Edison cell is especially sensitive to reduction of electrolyte tem- 
perature, showing a critical point about 50°F. below which the capacity falls 
off very rapidly. Its performance at low temperatures, such as are met in the 
northern parts of the United States, is therefore unsatisfactory. 


а. 15.—Charge-discharge curves for 
son alkaline battery. 


Electrolysis and pH Measurement 


Electroanalysis. Electrochemical methods are employed to а consider- 
able extent in analytical work for the determination of metals from solution, 
the separation of these metals one from the other by deposition at controlled 
voltages. Сале electrodes and rotating anodes аге employed so that high 
current densities may be used to, shorten the necessary time for analysis. 
In other cases mercury cathodes, which adsorb metals of the salt solution 
being eleotrolyzed, are advantageous. For specific methods, reference should 
be made to the standard works on analytical chemistry. 

pH and Its Measurement. This section is а condensation of the dis- 
cussion of pH in various publications of the Leeds and Northrup Co. and is 
used by their permission. 

‘The concentration of H* ion in any solution may be expressed in terms of 
the normal Н+ ion solution containing 1 g. H* ion per liter. In most solu- 
tions the Н+ ion concentration is only a small fraction of that in a normal 
solution nnd is expressed аз powers of 10 to avoid decimals with a large num- 
ber of ciphers, or fractions with large denominators. А concentration of 
0.0001 g. H* ion per liter thus becomes 1/10¢ or 1 X 10-4 The symbol pH 
is used to designate the logarithm of the reciprocal of the Н+ ion concentra- 
tion, or the negative logarithm of the H* ion concentration. Thus a 0.0001 
N solution of Н+ ion equals 1 X 107, or — log (H*) = 4 = log (1/H*); 
therefore pH = 4. Concentrations that are uneven decimal fractions of 
normal can also be expressed in pH units. ‘Thus for a solution in which the 
concentration is 2.73 X 10-* N, the pH number is 3.566. This can be 
proved by the use of a logarithm table, which shows that log 2.73 = +0.434 
and log 1074 = —4.000. Since the numbers are to be multiplied, the loga- 
rithms are added, во —4.000 + 0.434 = —3.566. Therefore log (Н+) 
—3.566, во — log (Н*) = 3.566, and pH = 3.566. 
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If it be desired to know the actual figure for the H ion concentration when 
only the pH value is given, it can be found by the reverse of the calculation 
just given. Thus, 9.63 pH means that (Н?) = 1 X 10769, The exponent 
—9.63 = —10 + 0,37, hence 10758 = 10719 x 10969, The logarithm 


table shows that the exponent 0.37 corresponds to the number 2.34. There- 
fore (Ht) = 107*- is the same as (HY) = 2.34 x 10710, 

In a similar manner the alkalinity of a base may be expreased as РОН. 
log 1/(ОН“). In an acid-base equilibrium water is formed and neutrality 
is reached when 


ar x (оно 
(HOH) 


The number of water molecules dissociated is so small in comparison that the 
concentration HOH may be considered as constant and combined with К, 
ng the equation (H*) x (OH-) = K(HOH) = Kw. 25°C., Kw ја 
, which is the product of the concentration of the H* ions and ОН” ions 
which are equal to each other, so that the concentration of each is 1077 and 
in water, pH = 7. Inan acid solution the concentration of H* ions is greater 
than that of water, due to the dissociation of the acid and according to its 
dissociation constant. 
In an analogous man- 
ner in basio solutions 
ihe ОН“ ion concen- 
tration is greater than 
that of water, But 
since water is present, 
there must be some 
ОН“ ions in any acid 
solution and some H* 
ions in any basic solu- 
tion, the concentra- 
tion of one of these 
varying inversely with 
the concentration of 
the other and the produot.of the two concentrations being equal to 1074, 
Then (H*)(OH-) = 1074 and log (1/H*) + log (1/OH-) = 14, and pH + 
рОН = 14. 

It is evident that if the concentration of either ion is known, that of t 
other can be computed во that the reaction of any solution, whether acid, 
alkaline, or neutral, can be expressed in terms of pH. Ап acid-alkaline scale 
can be set up in terms of Н? ion concentrations with a pH = 0 st one end 
representing a normal H* ion solution, and a pH = 14 at the other end 
representing the H* ion concentration of a normal ОН“ ion solution, Any 
pH number from zero to 7 thus indicates acidity with decreasing acidity as 
the number increases. pH 7 indicates neutrality and sny pH number 
between 7 and 14 indicates an alkaline solution with increasing alkalinity 
(or decreasing acidity) ав the number increases. 

H* ion concentration in a water solution can be determined electrically 
by the use of two hydrogen electrodes in contact with the solution and the 
voltage developed by the two electrodes determined by the use of a potenti- 
ometer, Such an arrangement is shown in Fig. 16. From the following 
formulas the H* ion concentration or pH can be calculated. 


Potentiometer 


Hydrogen 
сестра 


Unknown 
Solution 


x 

МЕШ solution 

Fic, 16,—Théoretical’ hydrogen ion concentration setup 
(Leeds and Northrup.) 
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sus Ue 
0.0001983T ^ 


where Т is the absolute temperature, У the voltage, С» the known concentra- 
tion, and С the unknown. At 25°C. for the temperature of the two solutions, 
the equation be- 
comes 


If the known solu- ‘electrode 

tion is a normal Ht 

ion solution, then 

Cy = 1 апа log1/ ^ 

C = pH, and the и 

equation becomes lome! 
7 Pure merEUrY- 
У рН Aefnmwüe 


0.0591 Unknown 
Pim 3 solution 
A more conven- Фтйлату mercury KCI solution 


lent arrangement 17.—Calomel electrode setup for hydrogen ion measure 
substitutes a calo- ment, (Leeda and Northrup.) 

mel electrode for 

опе of the hydrogen electrodes as в result of which the arrangement becomes 
that of Fig. 17. The formula then becomes 


У => 
0.0591 


‘The potential of the calomel electrode varies with its temperature ав woll as 
with the KCI concentration, as tabulated. 


Table 15. Variation of Calomel-electrode Potential with Temper- 
ature and КС! Concentration 


1 
= log ae РН 


А Роди at | Potentia at | Potential at 
"Tenth normal.. | 0.3379 0.3376 0.3371 
‘Normal, n n 0 0.2848 0.2835 
Baturated. , | 0.2496. 0.2458. 0.2420 


For many practical purposes in industry the quinhydrone electrode is 
substituted for the hydrogen electrode. Тһе basis of this electrode is а piece 
of platinum or gold exactly the same ss used for the hydrogen electrode, but 
the surface of the metal is not platinized and it is not supplied with gaseous 
hydrogen, Instead, а small quantity of quinhydrone (benzoquinhydrone) 
is dissolved in the solution, and, within certain pH ranges, the electrode in 
the solution acquires a potential that is definitely related to the H+ ion con- 
centration of the solution. The potential is measured against that of a 
calomel electrode, and the pH value is found from the measured voltage in 
the same manner as with a hydrogen electrode. Quinhydrone is во slightly 
soluble in acid that only small quantities are necessary to saturate the solu- 
tion, In solutions more alkaline than pH = $, quinhydrone із more soluble, 
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dissociates, and becomes oxidized. The quinhydrone electrode potential is 
altered to such an extent that the measured voltage is no longer a linear 


function of pH. The quinhydrone electrode is 
therefore not suitable for-use in highly alkaline 
solutions. 
The relation of voltage to pH is given by the 
expression 
0.7177 — 0.00074t — Y — v 
0.00019837 


pH = 


where # is the temperature of the solution and the 
electrodes, V the measured voltage, ® the correc- 
tion factor for the potential of the calomel eleo- 
trode, and T the absolute temperature. With a 
saturated calomel electrode at 25°C., » = 0.2458 
and the equation, becomes 
0.453 — V 1 
00501 ову = PH 


‘The pH-voltage curves of the hydrogen elec- 
trode, calomel electrode arrangement and the 
quinbydrone electrode, saturated КОГ calomel 
vlectrode, are given in Figs, 18 and 19. 


ne n ite 
measured with hydrogen 

зла сабота] electrodes, 
NN aat 


D 
TANT ы 
2 
3 
5 
of ЕЕ 
7 
8 
5 
0 
1 


] 
ә \ 
gl ф/оолу KCL 


calomel есте КУ | 
Ye Е-е МГ | 
ШЕ cafone! евра 
M LLLI 
@ ч 05 05 10 12 
Voltage 


Tio. 18,—pH-voltage reln- 
tion of hydrogen electrode. 
(Leeda and Northrup.) 


Glass electrode is a Na:0, CaO, SiO: glass bulb, thin walled, blown on the 


end of a glass tube and filled with рН 1 HCl. 
this solution is the electrode terminal. Voltage 


A quinhydrone electrode in 


measurements through the glass wall are made , ® TERI | 
with a calomel reference electrode in the solu- 1 ise ЫНЫ wirage) 
tion under test. 1 ind Saturated KC. 

Antimony electrode, used for industrial Calomel Electrodes 
controls, consists of prepared Sb with its end , 3 Jat 25 deg.C. 
immersed in the solution whose pH is being , 4 » 
measured, | 

zs | 
Electrolytic Hydrogen and Oxygen E 
Production E 

Hydrogen and Oxygen Production. 7 A 
Commercial hydrogen and oxygen cells are built g се 
entirely of iron or steel, insulating materials, 
and asbestos cloth for diaphragms. Every 9 = 
effort is made to have simple and inexpensive (0 
construction. Great саге is taken to reduce all — 05-04-03 02 01 0 +014 


contact voltages to a minimum, in order to ob- 
tain the lowest possible cell voltages, Present- 


Voltage | 
Fic, 19.—pH-voltage reln- 


Чоп of quinhydrone electrode, 


day ееПа are во well designed that per unit of Ооа P ang Norirup) 


current almost theoretical yields of the gases 


are obtained. The electrolyte ordinarily employed is an alkaline solution of 


either 15 per cent NaOH or its equivalent KOH. 


Sulphuric acid electrolytes | 


аге no longer used. Theoretical data for electrolytic hydrogen production are 


tabulated, and operating data for a typical cell are plotted in Fig, 20. 
In general the cells use iron electrodes, the anode of which is ordinarily — | 


nickel plated to reduce the oxygen overvoltage. In the Levin cell the cathode 


is plated with cobalt to reduce the hydrogen ove 


rvoltage. 


HYDROGEN AND OXYGEN 


‘Two typical cells will be described. 
tank containing à number of 
sheet-iron, or steel, gas-colleci- 10 
ing hoods, rectangular in cross 
section and of considerably 
greater leagth than breadth, 
They alternately contain an- 


odes and cathodes, each held $ 

in its hood by two conducting 37 — 

bolts which are insulated from 3 

the bells, Alternate hoods #6 

carry asbestos extensions e ^ 

which serve as diaphragms, — 3:5 87 
The Levin cell consists of a & 

thin vertical tank divided by 84 


two asbestos diaphragms into 
three compartments, the two 
outer ones being the anode and 


the inner the cathode com- 
partment, The gases pro- 
duced pass upward through po о 
sight indicators to collecting ® 20° 


manifolds. The entire tank is. 


closed. 


Table 16. Electrolytic Hydro 
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The Knowles cell consists of an outer 


180 


а 


000 Ci. Fi Hydrogen 


[s 


по 


0 
15 16 11 1819 20 21 72 23 24 15 26 21 28 
Voltage Per Cell 


—Current, voltage, and gas volume reln- 
tions for hydrogen-oxygen cella, 


For laboratory use, multiple or filter-press types of cells nre used in 
which the plates act as bipolar electrodes. 


They are separated by asbestos dia- 
gen-cell Constants (Knowles) 


Quantity of hydrogen liborated 
‘per 1000 amp.=he. 


Amp-hr. required to liberate unit, 
‘mass or volume of hydrogen, рог 


Grama., . 37,65 са * T +. 26.56 
Pounds, ,,.. T" 0.0630 | Pound. а 12,050. 
Cubic feet at 20-0. and 760 mm. pressure [n foot at 20*C. and 760 min. У pressure. 

saturated with water vapor.,......... 16.25 ‘saturated with water vapor.. . 61.55 
Cubic feet at 0°C. and 760 mm, pressure. un Cubic foot at 0°С. and 760 mm. pressure са 
Cub meier ана 26) mm pesee 79 | Cutie meter at ATO and él nas ри 

sure saturated with water уарог.,,.... 0.4604 sure saturated with water va] 2171 
Cubic meters at 0°С, and 760 mm. pres- Cubie meter at 0°C, and 760 mum. ‘pres 

ваге dry. . 6.4189 sure dry. нарави 2887. 

. Table 17. Levin Cell Characteristics 1 
Type Type 
А В КЛ 
| 503253 6% 43 X37 Хх 84 
ч " 145 325 

Current, amp.. 250 600 1250 
Capaeity рег hr. 

Oxygen, cu. ft.. 2 48 10 

Hydrogen, eu. fi e ? 4 9.6 20 


phragms with rubber packings at the point where they insulate adjacent 


plates, Each plate except the end ones 


has three holes, one on each side at the 
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top to lend off the gases and one sí the bottom for the electrolyte which may be 
а 15 to 30 per cent NaOH. They are designed with sufficient plates to allow 
operation on 110-volt circuits. Hydrogen purer than 99 per cent сап be 
obtained if means are provided for balancing the pressures on opposite sides 
of the diaphragms. Similar large-sized industrial units are now in operation. 

For descriptions of other cells see Mantell, “Industrial Electrochemistry,” 
2d ed., McGraw-Hill, New York, 1940; Billiter, “Die neueren Fortschritte der 
technischen Electrolyse," Knapp, Halle, 1930; Kirkpatrick, Pioneering Chem- 
ical and Fertilizer Production in Western Canada, Chem. & Met. Eng., 38, 626 
(1031); Elworthy, The Pechkranz Electrolyzer, Chem. & Met. Eng., 38, 714 
(1931). 

Oxidation and Reduction Products, The perchlorates, persulphates, and 
perborates can be produced in electrolytic cells by anodic oxidation processes. 
In the production of perchlorates, a concentrated (60 to 70 per cent) solution 
of NaClOa is electrolyzed between smooth platinum anodes and iron cathodes 
at high current densities of 270 to 500 amp. per ва. ft., with over-all current 
efficiencies of 70 to 85 per cont and an energy consumption of 1.5 to 1.8 
kw.-hr. per Ib. NaClO, This salt is deliquescent, and the potassium and 
ammonium salts are formed by double decomposition from the corresponding 
chlorides. These are used in fireworks and the explosives industries. The 
persulphates are made by the use of (NH.):SO. solution in an anodic compart- 
ment with H38O in the cathodic compartment separated by a diaphragm. 
The electrolyte is kept at about 15°C., the anode platinum operated at a 
high current density, and the cathode lead of a much larger surface. The 
current efficiency exceeds 70 per cent. Simpler processes avoid the use of 
diaphragms by the addition of about 0.2 per cent K:CrO«to prevent cathodic 
reduction, or else employ КНЗО‹ und the persulphate product Ks8;O, is 
precipitated. Current densities are of the order of 400 to 600 amp. per sq. ft. 
and energy consumptions for (NH4):8:Os about 1 to 1,2 kw.-hr. per Ib. 
Sodium perborate is prepared either by the interaction of borax and НгО: 
or by the electrolysis of sodium borate containing Na:COs at anodic current. 
densities of 200 to 350 amp. per sq. ft., between platinum anodes and iron 
cathodes, with the addition of chromate to the electrolyte. Energy consump- 
tion is about 3 kw,-hr. per Ib. sodium perborate. 


Table 18. Operating Data 
Туре of cell diaphragm, Меша. 
Electrolyte. dium acetate + NasCOs 
individual 
linen 


lead 
18 
21 x 304 X Lin, 
0 Ib. 
cast lugs 
parallel 
Cathodes: 
Material....... x steel sheet 
Size... ae +++ Ha in. thick 
Cell material. . Ж iras М concrete 
Cell connection... + series 


A small number of organic compounds are made electrolytically by 
eathodio reduction or anodic oxidation. Among these are brornoform, 
iodoform, chloral, and paraaminophenol. 
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Sorbitol and mannitol [hexahydrie alcohols CeH,(OH);] are the elec- 
trolytic reduction products of glucose (U. S. Patents 1,612,361; 1,653,004; 
1,712,951-2; 1,990,582) and are produced by batch processing by cathodic 
reduction in alkaline glucose solutions containing Na:SO4 with Pb anodes and 
Pb-Hg cathodes. 

White lead is made by the Sperry process by the electrolytic corrosion 
of lead anodes in a sodium acetate electrolyte containing МагСОз. 


Electroplating and Electrotyping 
Electroplating is concerned with the production of metallic coatings on 
metal objects and, to a limited extent, on nonmetallic objects. In general, 
the metal plated is dissolved from an аподе of the material and deposited 
on the object to be plated as cathode, although this arrangement may be 
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Fia. 21.—Charaeteristies of electroplating ınolor-generator sots, 


modified and the metal plated may be obtained from a dissolved salt in the 
plating bath. Where soluble anodes are used, electrochemical action at the 
cathode is the reverse of that at the anode. The e.m.f. applied at the ter- 
minals of the cell is used to overcome concentration differences, voltage drops 
through the films adjacent to the anode and cathode, the ohmic resistance 
of the solution, the anodes, cathodes, connectors, and external cireuit, plus 
the necessary overvoltages for the deposition of the particular ion in question. 
In the case of insoluble anodes where oxygen may be evolved, the overvoltage 
of oxygen is a factor as well as the decomposition voltage of the electrolyte. 
Та general, the terminal emf. of а plating tank is low and electroplating 
generators are built so as to supply either 6- or 12-volt high-amperage current. 
The capacity and cost per kilowatt relation of motor-generator sets are given 
in Fig, 21. The upper curve gives the cost to the user of standard size 6-volt 
motor-generator sets, including starting equipment but not ineluding exeiters 
commonly used on all sizes, 12 kw. and larger. Where more than 6 volts 
are required, it is customary to connect the two commutators of n generator 
in series and operate at 12 volts. From about 6 kw. up to the maximum 
sizes, the cost of the 12-volt single-commutator' machines is approximately 
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85 per cent of that of the 6-volt units. The dotted-line curve gives the rela- 
tion between the shop cost of the generator only and capacity, but does not 
include generator base, couplings, motor, and manufacturing overhead. 

In commercial work, preparation of articles for plating is as important ав 
the plating itself for the production of high-quality finishes. No general 
statement can ђе made as to methods used for preparing articles for plating, 
in that the material of the object, its condition, shape, size, composition, kind 
of surface, and other factors must be considered. Inasmuch as the plating 
will follow exactly the contours of the object to be plated, smooth finishes 
вап be produced only оп smooth-surface objects. In general, rough surfaces 
may be eut down or made smoother by sand-blasting, mechanical cleaning 
methods, grinding, and buffing with abrasives; or the object may be pickled, 
generally in H5SO4, or occasionally in НСІ solutions. Removal of dirt, 
grease, and lacquers is accomplished by some form of alkaline cleaner, often 
containing oxide solvents such as cyanides, and detergents such аз Na;PO,, 
ns well as other materials.-, 
"These may be operated alone or 
with the aid of the electric 
rent in which the object is sus- 
pended from a rod and is 
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alternately made anode and 
cathode in the circuit. Atother 
times grease and dirt may be 
removed by organic solvents, 
usually of the petroleum type. 
Та some cases after cleaning, the 
object may be further pickled ог 
else may receive additional me- 
chanical surfacing treatment for 
the production of preliminary 
polishes. In the case of non- 
ferrous articles, pickling is ordi- 
narily done in so-called " bright” 
acid dips consisting of mixtures 
of concentrated Н.8О and 
HNO» with the addition of small 
amounts of salt, 


Fra. 22.—Diagram shows plan view of return 
type plating machine, containing relatively few 
operations. ‘This type of machine may be ex- 
panded to embrace almost any number of opera- 
tions. Or two separate and distinct operating 
routines may be built into one of these machines, 
thus serving the purpose of two unita; d 
may be loaded on conveyor at one end, pass 
through the various operations and be removed at. 
other end for color ивице, then again racked and 
replaced on conveyor for return to starting point. 
through the prescribed processes, One side of 
machine may be used for olea; 
plating and the other side for the 
applying of finishing nickel coa 
chromium deposit, The adapts 
machine is almoxt unlimited. 


or for final 
ity of this 


Depending upon the object and the type of surface to be pro- 


duced on the article, the preliminary flow sheet may vary widely in different 
industries. In order to avoid contamination of solutions ns а result of the 
material being carried over when articles are transferred, and the introduction 
of acids into cyanide plating baths or vice versa, all operations, irrespective of 
their nature, are followed by washing or rinsing. 

Plating baths may be considered to consist of a number of different parts 
(1) the salt containing the metallic ion or radical; (2) an additional salt 
whose function is to increase the conductivity of the buth; (3) a material 
to effect the anode corrosion and prevent passivity of the anode; (4) a so-called 
addition agent to effect the type of deposit produced; and (5) a buffer material 
to maintain the proper pH of the solution, Some baths may contain all 
these while others may not. For example, a common nickel-plating solution 
will have the metal ion in the form of NiSO47H:O (105 д. per 1.), МИС or 
СЧН.):803 (15 g. per L) to increase the conductivity of the bath, NiCl:.6H:0 
(15 g. per 1.) to assist anode corrosion, and HsBO; (15 в. per 1.) which acta as a 
buffer to maintain the pH of the solution at 5.3. In the case of a tin bath, 
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the tin salt would be furnished by Na:SnO;, the conducting salt by NaOH, 
which also assists anode corrosion, the addition agent to effect the deposit, 
heing glucose or other organic material. 

X-ray examination shows that all electrodeposited metals have erystalline 
structures, the differences in their physical properties and appearances being 
caused by differences in the size and shape of the crystals. Plating baths 
are operated within definite current-density ranges beyond which poor types 


Table 19. Electroplating Baths (Mantell) 


Cathode 
Metal Bath type Anode | od, amp. | Temp., '0. 
per sq, fi 

om {Asi matte 15-40 | 25-50 
'opper.. Alkaline cyanide 314 | 350 
Single sulfate 50 | 20-30 

Nickel, Double sulfate 36 20-30 
Sulfate-ehloride 1450 | 50-60 

Chloride. 100-180 | 90-110 

ков... У у Double sulfate | 20-30 20-30 
Cobalt... Sulfate | с 30-165 | 20-30 
Стошйша......... Chronlo acid Pb 100-300 | 40-50 
Sulfato | 1230 | 2030 

tino... овоо) | жш | 20 

| | 

Alkaline eyanide 820 | 40-50 
Cadmium. Alkaline cyanide | 10-50 | 2030 
Flooborate Ph 520 | 2030 
Leid. ies send Pb 20-30 20-30 
т |{ Alkaline stannite | _ Sn 10 50 
м..... Alkaline stannate | Ва 5-15 @ 
Silver. Cyanide | № 38 15-25 
вом... Cyanide Au 15 60-80 
Platinum, Phosphate Pt 1 70 
Brass... Cyanide Сада оу | 23 32-45 


of deposits result. In general, for the production of fine grained or so-ealled 
amorphous deposits, which are readily polishable, plating baths show low 
ionic metallic concentration produced not by dilute solutions but either 
by the use of salts showing low ionization or salts whose ionization is depressed 
by the addition of another salt having a common ion, or by the employment 
of compounds producing the metallic ion not by primary but by secondary 
ionization, or by reduction at the cathode. This explains the widespread 
use of double salts such as NiSOu.(NH):S0..6H:0, complex compounds such 
as the double cyanides, and, in the specific case of chromium, chromic acid. 
Deposition potentials in general are lower than the decomposition voltage of 
water, but in the case of chromium and alloys, such as brass, the deposition 
potential is above that of the decomposition of water, and hydrogen is evolved 
at the cathode. This latter condition is essential for the deposition of 
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chromium, and about 70 per cent of the current is consumed in hydrogen 
evolution, In general, however, current efficiencies of plating baths are high, 
usually being above 90 per cent. А large number of metals are commercially 
plated. The general characteristics of the baths employed are given in 
Table 19. After plating and drying, the objects may be polished, usually | 
with mild abrasives such as tripoli and rouge, on high-speed wheels. 
Mechanical equipment for plating assumes many different forms. Large 

quantities of small objects are plated in barrels which rotate in the plating 
solutions. Larger objects are generally wired or hung on rods which in turn 
connect with cathode bars. In recent years there has been a tremendous 
development of automatic plating, in which the successive operations involved 
in the entire production flow sheet are mechanized by having the objects hung 
on rods suspended from conveyors with automatic mechanisms causing the 
object to pass through different baths such as cleaners, dips, plating solution, 
rising out of the tank at one end and dipping into the next one by a tripping. 
and-raising action connected to the conveyor. Тһе plan view of a machine 
of the type widely employed in the automotive industries for plating, where 
the objects receive successive finishes of copper, nickel, and chromium, is 
shown in Fig, 22, 

Commercial Thickness of Electroplates 
Ni, rarely over 0.001 in.; usually 0.0005 in. or under. 
Cr, generally 0.00002--0,00004 
n, usually over 0.0005 in.; frequently around 0.001 
Cd, usually 0.0002-0.0003 in.; rarely over 0.0005 in. 
Au, usually less than 0.00005 in. 


Composite Plate 
Cu — Ni — Cr, 0.0003, 0.0005, 0.00002 
Ni — Cu — Ni — Cr, 0.0002, 0.0003, 0.0003, 0.00002 in. 

Conversion Factors for Electroplaters 


Аш 
Аш 


per ва. dm. X 9.3 = amp. per aq. ft, 

рег sq. ft, X 0.108 = amp. per sq. 
С. per L X 0.134 = oz. per gal. 

Os, рег gal. X 7.5 = g. perl. 


or thiokness of 0.001 in. for any metal, 


sp. gr. metal 
12 


Weight plate in ox. per sq. ft. = 


‘Typical Plating-bath Formulas 


(Concentrations in avoirdupois ounces per gallon) 


EUR | 


Chromic acid, CrOs. . TE 

Sulphuric acid, HiSO4, 0.34 
‘Temperature, °F, пође ч + 13 
Cathode current density, amp. per sq. ft... се ... 150-200 


Соррет | 
A. Cysnide 
CuCN.... А m 
NaCN,.... m 
Хасо». ^ | 
Маон 1:777 М 
"Temperature, °С.... «ЕЕ .. 40-50 


Cathode current density, amp. per aq. ft. 


ELECTROPLATING 
B. Acid 
CuSOLSH3O. бе БИ 
H8O, 5 E 
Glue... Ms * 3% (optional for brightener) 
Temperature, . Bs room 
Cathode current density, amp, регеа. ft... 25-50 
Nickel 
NiSO..7H0. — 3 32 
NiCl.6H:0....... 5, E: 2 
HBOs... 5 4 
pH 1 Е 5.8-6.2 
Temperature, °F. 120-130 
Cathode current density, amp. per sq. ft.. 20 


Brasz 
OucN,... 
Zu(CN».. 
NaCN.. ч 
NniCOs, .....- 
"Temperature, °C. . 
Cathode current density, amp, per sq. ft. 


Zine 
A. Cyanide 


Zn(CN)s. 8 ZnO... в 
NaON. 3 NaCN . 10 
NaOH... 7 NaOH SE 
"Temperature. . S + room 
Cathode current density, amp, per sq. ft. 10-20 


В, Acid Sulphate 

2080.790. 
NHACh. 
NaCsHa0:.3120, 
сар des Р 
"Тетрегаиге......................+ 
Cathode current density, amp. per aq. ft 


Cadmium 


cao, ея 
NaCN. 
NaOH. 
NiEO,7H:0. 
Goulac 


"Temperature: 
Cathode current density, arap. per aq. Ù. 


| (0) | a 
mm 
p.t 1.6 
dd 4 
| 0.13 
| 1.5 
ж Room 
0 [25 


* US, patent 1,681,509. 


Lead 
Basio lead carbonate 
Hydrofluorie acid, 50° 
Boric ucid.......-..- 
Glue (optional). 
‘Temperature... 
Cathode current densit 


amp. per ва. ft... 
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Tin 

Sodium вбаппайе......................... 
Sodium hydroxide... .... 
Sodium acetate crystals. 
‘Temperature, °С... 
Cathode current dens 


, amp. per sq. ft 
Gold 


Gold fulminato, dwt. 

NaCN. 

КаНРО‹.12 E 

‘Temperature, ?C....... dO. MUN 

Cathode current density, amp. per sq. t1 
Silver 


Nay, a | 16 5 
AgGN. | 35 4 
"Temperature. | Room | Room 


de current denaity, amp. per sq. kil 5+ | 35 


‘The relation of time of plati 
mercial baths for nickel is given in 
Fig. 25, and for cadmium in 


‚ thickness of deposit, and current in com- 
ig. 24, for zine in 


Fig. 26, 60) || 3 ] 
Electroplating on Alumi- 

num. In any application of Bate of Depos | 

electroplating on aluminum, 5°90 fer сеп 

the type of plate should be een, 

selected for the particular job. 

It is possible to apply a flash 40 Be 

coating of zine to aluminum | 


and then plate with nickel, 
copper, or other metals, Un- 
fortunately the corrosion re- 
sistance of such a plate is poor 
and suited only for indoor 
service. The Лопе does 
not suffer this disadvantage 
and is useful for special pur- 
poses. Chromium may be ap- 
plied direetly to aluminum, 
bui it has not yet been pos- 
sible to obtain quite as satis- 
factory luster as is possible 
when chromium is applied over Thick 
nickel. There ів а possibility, ұта, 23. — Plating characteristics of nickel bath. 
however, that such chromium 

plates will have application for special corrosion jobs, particularly against mild 
alkalies, For general use it is advised that nickel be first applied to the alumi- 
num after a surface roughening, and then the desired metal should be applied 
їо the nickel. The aluminum alloys are divided into three classes, each requir- 
ing а somewhat different plating procedure, as follows: 


Minutes 
= 


20 


000005 
0.00006 
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Plating 28 Aluminum. 

1. Remove grease. 

2. Rinse in clear cold water. 

3. Dip for from 10 to 15 sec. in 1 part of 48 to 52 per cent hydrofluoric acid 


to 9 parts of water. RS 
4. Rinse in clear cold water. COPPER | 
5. Dip in the following so- Rafe of Deposition! —] 

lution: nickel chloride 37 oz., о |000 Eificiency 


HCl (ар. gr. 1.18) 0.2 gal 
water 1.0 gal., temperature 75' 
to80°F. The time of dip must 
be carefully determined as this 
is the important step in the 
procedure. This! is accom- 
plished by plating в series of 
specimens after different times 
in the dip and then bending or 
breaking them. A 35-sec. dip 
usually gives good results, al- 
though such factors as temper- 
ature, purity of the chemicals 
in the dip, and the temper and aS PEE 
polish of the metal plated on | | 
affect the time required. The 0002 34 56 7 89 WH 12 
speed of the action of the dip Thickness of Deposit, Inch 
may ђе regulated by the Fro. 24—Plating 
amount of acid and the tem- 
perature, Generally a time of 
dip of 15 to 40 sec. is desirable E of ee АҢ “а 
in production work. ‘The ac- | осоо Cf 
tual composition of the nickel 801 |] 
dip is not во important as the EE E 
resultant adhesion of the 
electroplate, 
6. Rinse in clear cold water. 
7. Plate at 15 amp. per sq. 
in the following nickel bath: 
single nickel salts 19 oz, per 
gal., magnesium sulphate 10 
ов, per gal., ammonium chlo- 
ride 2 ол. per gal., boric acid 2 
oa, per gal. The time of plat- 
ing should be determined to 
the desired corrosion re- — бус beris j 
sistance. А time of plating of T ГАУ 
1 hr. is suggested, but this can wore 3-4 5 6 7 8 3 NNE 
be reduced later if it is found Thickness of Deposit Inch 
that а thinner plate meets the _ Fro. 25.— Plating characteristics of zine bath. 
service requirements. 

8. Rinse in cold water and dry by means of a hot-water dip. 

9, Polish nickel. 

10. Clean and plate with any desired metal. 


= 


Timein Minutes 


of copper bath. 


s 


E 
ЕЈ 


Time in Minutes 
а 
5 


time 0%, —À 
firme eda 122 | 
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Plating 3S and Strong Alloys. For this group of alloys a different 
etching process is needed, otherwise the plating procedure is unchanged. 
Step 5 (as given above) will therefore be rewritten for these alloys for substitu- 
tion in the aboye procedure. 

5. Dip in the following solution: HCI (sp. gr. 1.18) Jf gal., water 14 gal., 
manganous sulphate (Ма80 29:0) 15 oz., temperature 75° to 80°F. The 
time of dip must be carefully determined by experiment as this ia the most, 
important step in the proce- 
dure. It will generally ђе 24 
found somewhere between 10 22 
and 60 вес. 

This group of alloys pre- J 
senta several peculiarities. In |8 ў 
the first place, the heat-treated 
metal gives а plated product 
that is more resistant to corro- 
sion than the untreated metal. 
‘There are also differences һе- 
tween the alloys, 518 is most 
readily plated, 1787 is read- 
ily plated, ав screw-machine 
products, but often gives 
trouble in sheet form due to 
metal streaks. 255 may give 
trouble in sheet form. 

Plating Castings.* Cast- | 
ings require a still different ой 3.4 5 8 7.8 э ON @ 
etching process, In addition, Thickness of Deposit Inch 
з possible to omit steps 3 and кла, 26.—Plating 
4 of the procedure for 25. For 
the etching, step 5 of the 25 procedure, the following method should be 
substitute: 

5. Dip in the following solution: HNO, (sp. gr. 1.42) 3 parts, hydrofluoric 
acid (48 to 52 per cent) 1 part, temperature 75° to 80°F. 

‘The proper timing of this dip must be carefully determined by experiment, 
цв it is the most important step in the plating procedure. Each alloy com- 
position will haye a dipping time most suited to it, although the differences 
between alloys are slight, as the dipping range for each alloy is wide. Usually 
the proper time of dip lies between 15 and 30 sec. for die castings, and 60 to 
120 sec. for sand castings. 

‘The container for the dip should be lead lined. It should be painted with 
a mixture of 1 part of beeswax to 4 parts of paraffin. This is particularly 
necessary above the solution line, us the greatest attack of the lead takes 
place here. 

"The electrodeposition of rubber was invented in 1921 by Sheppard and 
Eberlin in the United States (0. S. Patent 1,476,374, Dec. 4, 1923) and about 
the same time by Klein and Szegvari in Budapest (British Patent 223,180) 
It has entered the technical field not ав а competitor of mechanical methods 
but rather as в supplementary process and as a means of reducing costs. 


| CADMIUM 
| Rate of Depositi = 
zo 00% Cathode Efficiency 


Time in Minutes 


сэ ace 


acteristics of cadmium bath, 


+ 195 alloy presents special difficulties. Even a 3-min, etch is not sufficient to secure 
adhesion, although the corrosion resistance appears fairly good. The procedure for 
the strong alloys may be applied to secure good adhesion, but it is aometi 1 
to secure uniform results, 
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Electrolytic deposits can be made from artificial rubber dispersions in 
aqueous solutions of slightly alkaline characteristics, as well as from natural 
latex preserved with ammonia. The rubber particles, existing as colloidal 
suspensions, are negatively charged and on the passage of current move 
toward the anode, If the current is reversed, the particles will also reverse 
their direction. With a steady flow of current in one direction, the rubber 
deposit on the anode in а solid uniform layer. It has been found that in the 
Sheppard process sulphur, pigments, and accelerators can be mixed with the 
latex or rubber dispersion and a rubber compound deposited by electrolysis on 
metal or any other substance. / This compound will possess approximately the 
same percentage composition as the total solids in the bath, It is washed 
and dried and can then be vulcanized. 

In general a current density of 0.25 to 0,33 amp. per sq. in. proved satis- 
factory. The anode metal varies over a wide range, including lead, cadmium, 
zinc, tin, antimony, alloys of these metals, and iron and steel under certain 
conditions. Copper and copper alloys, however, proved objectionable, 
А typical plating bath follows: 


| Concentration, | Percentage of 


Solids | & per 100 ос. | total solida 


| 
| 


Rubber from latex. . 8.00 53 
Sulphur. 0.30 20 
Zino oxide. - | 1% 10.0 

| 450 30.0 

| 030 2:0 
Paraffin wax | 0% 20 
Tunda (accelerator) 0:03, 02 
Gum arabic... 0:075 0.5 
Total solids. 15.00 00.0 
Ammonia. 0:16 


Ordinary fine sulphur, colloidal sulphur, or polysulphide sulphur may be used. 
Among the pigments and fillers, litharge, lithopone, white lead, magnesium 
carbonate, sine oxide, titanox, clay, silica, certain carbon blacks, and a few 
others may be compounded without great difficulty. Softening agents and 
such materials as glue, dextrins, or gums for facilitating the dispersion of the 
added substances are readily incorporated. Accelerators insoluble in water 
may be employed, since they will be colloidally suspended in the solution. 
Tt has been found advantageous to homogenize the ingredients before mixing 
with the rubber emulsion. 

Thickness of deposit is somewhat limited but not to so narrow a mar 
as might be expected from the nonconducting characteristics of rubber. 
Layers varying from 0.01 to 0.15 in. have been produced. The bath has 
sufficient throwing powers to effect а uniform coating on edges, corners, etc. 
Adequate stirring is of course important for smoothness of deposit. 

Rubber and rubber compounds may be deposited not only as a coating on 
metals or other materials, but they may also be plated on a mold and later 
stripped off. Among the applications of the process described are the produc- 
tion of coated fabrics for automobiles; waterproofed textiles; coated metal 
wire for insulation and protective purposes; coated metal apparatus such as 
rubber-lined tanks, ete.; the direct production of rubber gloves, inner tubes 
for tires, and the like, as well as rubber sheets and rubber slabs for stock in 
the rubber industry, 
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‘The economic advantage of electrodeposition, as compared to mechanical 
milling and spreading, lies in the reduction of power and labor. Mixing and 
compounding operations are cheaper if done by high-speed mills, Further- 
more, electrodeposited rubber will generally have a greater strength than the 
mechanically milled product, since it has not been degraded by friction. 
Rubber latex as ordinarily shipped has a solid rubber content of about 35 per 
cent. By means of concentration processes in the course of development, 
rubber shipments containing as high as 60 per cent have been made. [8һер- 
pard and Eberlin, Electrodeposition of Rubber, Ind. Eng. Chem., 17, 711 
(1925); Sheppard, Electrodeposition of Rubber, Trans. Am. Electrochem., 
Soc., 58, 47 (1927); U, S. Patents 1,476,374, 1,580,795, 1,583,704, 1,589,324- 
5-6-7-8-9, 1,589,330-2, 1,548,689.] 

Electrotyping. Electrotyping has as its object the reproduction of the 
printer’s type setup, of engravings and medals, while electroforming produces 
or reproduces an object by electrodeposition. The mold of the object to be 
reproduced is first made either in soft metal by pressure, or by impressing the 
object in wax. In the latter case the mold is а nonconduetor, but its surface 
is made conducting by coating it with graphite. In other cases the surface 
may be made conducting by causing a thin metallic deposit to be formed on 
the object, for example by the use of a CuSO, solution over the object, out 
of which the copper may be precipitated by the use of finely divided iron 
filings, One reason for the use of the second method is that deposition does 
not take place at once all over the graphited surface, but the deposit “grows 
om а point where contact is made. In other cases lend molds coated with 
raphite may be used. After forming, the electrotype is removed from the 
copper mold und backed, to give the piece rigidity and strength, with в low- 
melting-point metal such as those of the tin-lead alloy type. 

For accurate reproduction the mold becomes a negative of the object {о be 
produced, The most important example of the use of electrodeposited nega- 
tives is in the phonograph industry, where an original wax record is first 
made and then coated with graphite, upon which copper is deposited to form 
а master matriz which is a negative. From this plate one or more master 
records are made by electrodeposition to give positives which serve as the 
forms from which the final or pressing matrices or working masters are depos- 
ited, Best results are obtained by making the initial deposit of nickel, often 
coated with ehromium to increase resistance to abrasion. The accuracy of 
reproduction is evidenced by the fact that several “generations” of plates 
can be obtained with satisfactory results in the shape of the final pressed 
phonograph record made from the working masters. 

In ordinary electrotyping work the electrolytes used are 8 to 10 per cent 
Н›ВО‹ solutions saturated with CuSO, at room temperature. Current 
densities are relatively low. 

Electrolytic Cleaning and Pickling. The electric current may often 
be advantageously employed in speeding up cleaning and pickling ва well as 
in improving the quality of these operations. Grease, oil, dirt, and Inequers 
are removed by some form of alkaline cleaner. ‘This may be operated alone 
or with the aid of the electric current, in which case the object is suspended 
in the cleaning solution from в rod and is made cathode or in other cases 
alternately anode and cathode in the circuit. In eleetrolytie cleaning, solu- 
tions containing a fairly high content of alkali are employed as electrolyte. 
Alkaline salts such as sodium phosphate (NasPO) or sodium carbonate 
) are added to control the alkalinity of the solution and aid in emulsi- 
dirt.” Iron anodes or, more frequently, the iron tanks are used as 
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anodes, the object to be cleaned being hung on the cathode bar. Sufficiently 
high e.m.f. is applied so that a current density of at least 10 amp. per sq. ft. 
(1 amp. рег sq. dm.) is obtained on the cathode, at which а vigorous evolution 
of gas occurs. Cleaning takes place rapidly, partly as the result of the foi 
mation of free alkali at the cathode, but also due to the mechanical action of 
the hydrogen which is evolved on the metal surface and tends to lift off films 
of oil, grease, paint, and dirt, and to assist in their emulsification. The gaa 
evolution causes agitation of the solution and hence constantly brings fresh 
portions of the bath to the cathode surface. When sine, tin, and lead, or 
their alloys, are cleaned electrolytically, there is a tendency for them to di 
solve in the alkaline solution and be redeposited in small amounts in thin 
films. These films may prevent adherence of electroplatings. Under such 
conditions the redeposited metal is removed by causing the piece to function 
as anode for a short time. Electrolytic cleaning has been applied industrially 
in operations not connected with electroplating, such as the removal of paint 
from paint cans so that they may be reused, cleaning of steel barrels, drums, 
and shipping containers. 

It is commercially desirable to get the most effective use of the electrical 
energy employed. The cleaning bath should be of such composition and 
concentration as to have high conductivity and resultant low bath resistance 
and low voltage drop across the terminals of the tank. ‘The current supplied 
to the bath should be such as to give the most effective gas-generation rate 
at the anode and cathode. А current density of at least 10 amp. per sq. ft. is 
necessary; but the current density may be pushed to such а high figure that 
the gas bubbles evolved at the electrodes may blanket the electrode surfaces 
and cause high voltage drops through the gas films formed adjacent to the 
electrode surface. Too high a current density will increase the voltage drop 
across the bath, with resultant increase of electrical energy consumption 
without increased efficiency. Actually, too high а current density and too 
rapid а generation of gas bubbles on the object being cleaned may result in 
decreased efficiency of cleaning and higher power costs than necessary 

Electrolytic pickling has recently found commercial employment, par- 
ticularly for the removal of oxides on machined parts which have been hent- 
treated, Тһе operation is analogous to electrolytic cleaning in that the object 
to be pickled is hung on the cathode rod and suspended їп an acid electrolyte 
containing chiefly H:80s. Operating temperatures vary from room tem- 
peratures to those near the boiling point, depending upon the object treated. 
Suficiently high current density is applied so that hydrogen is copiously 
evolved at the cathode. The hydrogen in expanding pries off the seale, bit 
hy bit, and bubbles to the surface. Lead anodes are commonly used. If the 
electrolyte contains chlorides as the result of addition of either HCl or NaCl, 
the anode will be attacked and a thin layer of lead deposited on the object 
being pickled. Experimental tests do not indicate any striking advantage of 
the electrolytic over chemical pickling methods as far as the amount of acid 
used is concerned, but it is possible to employ lower temperatures and obtain 
better surfaces with electrolytic pickling than by chemical methods. In the 
case of steel, the amount of iron dissolved by the two methods varies con- 
siderably with different kinds of scale. Electrolytic pickling in general is 
more rapid than chemical pickling. 

Scale-removing methods have been devised which consist first of elec- 
trolytic piekling followed by electrolytic cleaning. In one method the object 
is hung as cathode in a lead- or rubber-lined tank with anodes of metals which 
form protective films on the object, such as lead which is commonly used, or 
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tin ог zine. Electrolytic pickling is done in ап electrolyte consisting of 
dilute H:3O. and HCl and some NaCl at 65°C. Because of the presence of 
chlorides in the electrolyte and resultant anode corrosion, thin adherent 
metal films of lead are deposited on the object being pickled. This action 
continues until all the scale has been removed and all the surface coated. At 
this time the object is removed from the acid bath and placed as anode in an 
electrolytic cleaner containing soda ash, caustic soda, and а small quantity 
of МазРО‹ at 90° to 100°C. In this bath the lead coating deposited in the 
acid bath is removed, after which the object is withdrawn, washed, and dried. 
The process is stated to be free from the difficulties of pickling and hydrogen 
embrittlement. It need not be very carefully controlled, inasmuch as in the 
acid bath, after the first layer has been deposited, further action results in the 
deposition of porous spongy deposits without de ent to the object. 

In the Bullard Dunn process (0. 8. Patent 1,775,671, Sept. 16, 1930) 
applied to many objects such as heat-treated castings, forgings, ete., in the 
descaling bath lead or tin is used as anode, the electrolyte being (with Pb) 
ол. salt, 11.0 fluid oz. 66°B6. Н:504, 3.5 fluid oz. 20°Bé, HCl, and 113.5 
fluid oz. of H:O. Of the anode surface 75 per cent is duriron and 25 per cent ix 
lead. Current density із 60 amp. per sq. ft. and anode-cathode spacing is $ 
to 10 in. at 6 volts across the bath. Deleading is done in an alkaline cleaner. 
In descaling, the object under treatment is the cathode; in deleading, it ia 
the anode. 

Electrolytic Polishing. Strip steel, rods and sheet, particularly of the 
nickel chromium or “stainless” alloys, are polished by anodic treatment: in 
phosphoric acid solutions as a competitive method to mechanical surfacing. 

Anodic oxidation of aluminum has received considerable study 
and attention. Films of oxide are produced on aluminum and its alloys for 
protection against corrosion, for electrical insulation, for decorative effects, 
and for other uses. Protective adherent oxide films can be produced anod- 
ically on aluminum and its alloys. These can be dyed, painted, oiled, or 
otherwise treated. A number of different methods have been devised. 
Chubb (U. 8. Patents 999,749, 1,068,410, and 1,068,411) uses sodium silicate, 
ammonium borate, or other electrolytes; Mershon (U, 8. Patent 1,065,704), 
borax; Presser (U. B. Patent 1,117,240), sodium carbonate; Abernathy (U. S. 
Patent 1,323,236), potassium permanganate and HsSOx; Flick (U. В. Patent 
1,526,127) ammonia and amm reatment, 
being dyed by acid dyes; Kujirai (U. S. Patent 1,735,286), oxalic acid or 
oxalates; Bengough and Stuart (U. 8. Patent 1,771,910), 3 per cent chromic 
acid solution. Other processes employing Н:804 electrolytes have also been 
developed. Airplane and dirigible parts of aluminum alloys are often anod- 
ically treated in a 3 per cent chromic acid solution in which the voltage across 
the bath is raised from 0 to 40 volts in 15 min., kept at 40 volts for 35 min., 
held at 40 to 50 volts for 10 min., and at 50 volts for 5 min., after which they 
are washed, dried, and oiled or greased. The coatings are very resistant to 
corrosion. 
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nium sulphide, the article after 


Electrolytic Refining 

Copper. The art of electrorefning of copper was invented by James 
Elkington, in 1865, shortly after the discovery of the dynamo. The invention 
of the dynamo made possible the electrolytic refining of copper, and the pure 
metal in turn opened up the great electrical industry of today, which is the 
largest customer of the copper plants. In electrolytic refining of metals the 
starting material is a highly concentrated alloy, The object of refining is to 
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remove the last impurities, to recover not only the principal metal in very pure 
orm but also the foreign constituents, especially the precious metals. The 
impure metal is made the anode nt which it dissolves in the electrolyte, to 
be deposited at the eathode in pure form, inasmuch as the impurities either 
do not dissolve and fall to the bottom of the tank as slime or mud, or, if they 
are dissolved, nre precipitated by constituents of the electrolyte, or else can 
remain in the electrolyte without being deposited on the cathode. In general, 
in the case of copper refining, the anode material is comparatively pure, 
running 98 per cent copper or better and in most cases well above 99. During 
the smelting of the copper and lead ores, the base metals act as carriers for 
the precious metals so that the latter are found in the crude copper or lead. 
About 75 per cent of the total silver production of the world is recovered às в 
by-product of copper, lead, zine, and nickel refining. In addition a very 
large portion of the platinum produced is a by-product of nickel refining, 
while considerable palladium is obtained from the same source as well as 
from copper slimes. Selenium and tellurium are produced almost entirely 
as by-products of copper refining. 

"The crude copper from the smelter, termed blister, comes to the refinery 
in the form of slabs which are sampled very carefully for their precious metal 
content and then cast into anodes for the refining cells. Cathodes are 
led starting sheets or thin sections of copper deposited on blanks 
employed us cathodes in starting-sheet cells, from which the deposited copper 
is stripped off as а sheet. Connectors are then attached and the star 
sheet becomes the cathode in the refin- 
ing cell. The cathode copper is 
exceedingly pure, usually running con- | [ЇЙЇ 
siderably better than 99.96 per cent 
copper in its commercial remelted 
forms. In order to have high electrical 


во- 


Multiple System 


conductivity, the copper must be free 

of impurities, particularly the metal- —{ [ = 

loids such as arsenic and antimony, and 

in order to avoid brittleness it must be Series System 

roo / fiom deflta, and Jead, The. у rangement of electrodes in 
electric conductivity із a very delicate јачи ent 

measure of copper purity. It is given 

according to the Matthiessen standard in which the resistance of 1 mg. pure 


soft copper at "C. is 0.14172 international ohm. 

‘The electrolyte universally used is a solution of CuSO, containing an appre- 
cinble amount of H:SO« which is circulated through the tanks generally 
in cascade, i. from one tank at a higher level to a succeeding one at a 
lower level, The use of addition agents such as glue and goulae to cause 
better. cathode deposits, and reduce nodules and crystals, is general, Cur- 
rent, densities in American refineries vary according to local conditions, 
power costs, and other items. Constant attention is directed toward redue- 
tion of voltage across the tanks to reduce energy cost. Every effort is made 
to eliminate contact resistances and unnecessary voltage drops through the 
tanks, 

Soluble sulphates of impurities in the anode pass into the electrolyte, рог- 
tions of which are purified at intervals. Nickel sulphate from such purifica- 
tion becomes a by-product of copper refining and finds extensive employment 
in nickel electroplating. In some plants copper builds up in the electrolyte 
to too great an extent, and portions of the electrolyte are run into depositing 
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out tanks in which insoluble anodes are used, 
the electrolyte is precipitated. 

‘Two different systems of electrode arrangement аге in use. Та the parallel, 
or multiple, system all cathodes are in parallel and all anodes are in parallel, 
the-tanks being in series. In the series system, only the first and last elec- 
trodes are connected to the electric circuit, so that all of the electrodes in 
the circuit, with the exception of the first and the last, are bipolar, one side 
functioning as cathode and the other as anode. The arrangements of the 
two systems are illustrated diagrammatically in Fig. 27. The multiple 
system finds much wider application in that in the United States there are 
only ове plant and part of another employing the series system, 

In the multiple tank, close attention must be paid to the contacts. ‘The 
series tank has relatively no contacts or conducting bars, and the electrodes 
аге very close together, the anodes being thin, even plates. To produce 
such anodes they must either be rolled or specially hand east, and the material 
used must be of good quality. The interest on the metal tied up in process 
and the investment in plant are less in the series system, The series system 
requires no starting sheets, but much closer supervision is needed to keep up 
the quality of the cathodes. As lend-lined tanks cannot be used in series 
work due to the relatively high voltages used, tank maintenance becomes an 
important item. 

Average data for copper refining are shown in Table 2 
detail, sce Mantell, “Industrial E 
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that part of the copper of 


For preater 
lectrochemistry,” 2d ed, MeGraw-Hill, 1040. 


Table 20. Copper Refining 


Electrolyte: 


Jovem 
Grams Cu per liter 
% НВО... 
Current: 
Amp, per sq. ft. cathode ce 
Voltage per tank .... 0.20.4 


% current effici 
ТЬ, Cu per kw 
Anodes 
Composition. 
Weight, Ib. 
Cathodes: 
Original weight, Ib 
Finished weight, Ib. 


Lead. The successful electrolytic lead-refining method, known as tho 
Betts process, is used in the large refineries at Trail, B. C.; East Chicago, 
Ind.; Omaha, Neb.; and at an English plant in Neweastle-on-Tyne. 

Anodes of lead bullion and cathodes of electrolytic lead in sheet form are 
connected in multiple. They are supported on copper bars across a tank 
containing lead fluosilicate (PbSiF,) and free hydrofluosilicic acid (H:SiF) as 
electrolyte, The anode mud clings to the uncorroded anode and contains 
all the impurities. It is collected from the anode and from the 
bottom of the tank and treated Гог the recovery of Sb, As, Bi, Cu, and Ве. 
Any tellurium which may be present is discarded. The lead deposit on the 
cathode is melted together with the starting sheet and cast into ba: 

During electrolysis, Pb, Sn, Zn, Fe, Ni, and Co go into solution while Cu, 
Sb, As, Bi, Cd, Ag, Au, Se, and Te remain at the anode. In the first group, 
tin will invariably deposit with the lead, since these two metals аге so close 
together in the electrolytic series. It is therefore necessary to subject the 
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lead bullion to a softening treatment before it is cast into anodes. The other 
soluble metals will not precipitate with the lead. Of the insoluble metals, 
small amounts of antimony may pass to the cathode, especially when а cur- 
rent density as high as 17 to 18 amp. per sq. ft. and а temperature of 37° to 
3890. are'employed. This may be removed by poling the cathode lead with 
air in a kettle; which at the same time will separate any tin that may be 
present. 

The electrolyte contains 7 to 10 per cent lead and 8 to 12 per cent total 

H:SiFs, the free H:SiFs content being 3 to 5 per cent. Multiplying the lead 
value by 0.7 will give an approximate figure for the lead combined with 
HSiFe. To ensure а solid cathode deposit, a hot strong solution of glue is 
added daily, to the amount of about 0.013 per cent of the weight of the elec- 
trolyte. In making the electrolyte at the plant, H:SiFs is formed by the 
action of НЕ on SiO», then allowed to combine with lead, PbO, or white lead 
to yield PbSiFe. 
Tanks are arranged in double cascades. If impure anodes are used, the 
ate of circulation of the electrolyte is 3 to 4 gal. рег min,, while with pure 
anodes it becomes 7 ка]. рег min. The solution is raised from the sump by 
means of copper centrifugal pumps equipped with bronze shafts, Ап elec- 
trolyte loss of 5 to 10 Ib. НаЗИРь per ton of normal lead bullion is attributed 
in part to the dissociation of the acid. If the anodes contain appreciable 
quantities of impurities, the loss will approach the higher figure. 

Ordinarily, impurities in lead bullion do not total more than 2 per cent, 
1 to 1.25 per cent being antimony.. Anodes containing more than 2.25 por 
cent of foreign metals cause difficulties in electrolysis. 


Table 21. Electrolytic Lead 
Electrolyte: 


Temperature, °C 523 
Current: 


Current density, amp. per ва. ft 
Voltage per tank. m 
Anodes: 


Original weight, Ib red che Paci — 9-12 
Finished weight, Ib. ENS 5 ТЕТ] 


Data on refining practice are given in Table 21. Cathodes are cast on 
sloping eust-iron tables fed by a trough at the upper end. The electrode 
spacing is 134 to 244 in., the usual range being 214 to 214 in. center to center 
and 154 in, face to face. Rectangular, flat-bottomed tanks, similar to those 
used in copper refining, are employed in the electrolytic lead-refining planta. 
‘These tanks are coated with petroleum-residue asphalt not exceeding М in. 
in thickness, 

То ensure a full surface for slime particles, about 20 to 28 per cent of the 
anode is left unattacked, returning to the anode kettles as scrap. The anode 
mud which may drop to the bottom of the tank is likely not only to cause 
short cireuits but to set up a chemical reaction between its components and 
the free acid of the electrolyte. А 10-day cleanup and renewal of anodes nre 
the usual plant practice. The presence of bismuth, tellurium, and selenium 
is the determining factor in the treatment of the mud. If these metals be 
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absent, the process is a simple one; but with bismuth to be recovered, the 
treatment becomes complicated. 

Nickel. The largest share of the world nickel production is obtained 
from the Sudbury district of Ontario, Can. The ores are copper-nickel 
sulphides containing cobalt, iron, and precious metals. The ores are smelted 
to low-grade mattes which are then blown in basic converters for the removal 
of iron. The product of these converters, termed bessemer matte, is shipped 
to the nickel refineries where the process is a combination thermal and elec- 
trolytic one. 

‘The process is based on the fact that in a molten system containing nickel 
sulphide, copper sulphide, and sodium sulphide, in general two liquid layers 
are formed, the upper carrying the bulk of the sodium and copper sulphides and 
the lower the bulk of the nickel sulphide, A separation is made of these two 
layers, 

‘The bessemer matte, containing approximately 54 per cent Ni, 26 per cent 
Cu, 20 per cent S, and 0.30 per cent Fe, is smelted in a water-jacketed blast 
furnace with coke and soda flux. On solidification in pots а top and a bot- 
tom аге formed. About 90 per cent of the total copper in the form of top is 
transferred to converters, where it is blown to blister copper ready for market. 
‘The separation between top and bottom is marked by a clean lino of cleavage. 

"The bottom, containing the nickel, is again smelted with soda flux, poured, 
and allowed to solidify into two layers.. The second bottom is nickel sulphide 
(Ni, 70 per cent; Cu, 0.90 per cent; Fe, 0.25 per cent), which is ground, washed 
Пее of вода, leached with dilute 4:80, to remove iron, given a chloridizing 
roast, and leached to remove the copper; then follows a second roust with soda 
ash to remove all fractional remaining impurities. The resulting black oxide 
of nickel of the following analysis, Ni, 77.60 per cent; Cu, 0.10 per cent; Fe, 
0.25 per cent; Si, 0.10 per cent; and 5, 0.015 per cent, is ready for the market 
or reduction to metal in the open-hearth furnace. It is tapped from the 
furnace into pig nickel, nickel shot, and nickel anodes. The nickel anodes 
xo to the electrolytic refinery where they are refined under the conditions 


tabulated. 
The electrolyte, purified of iron and other metala, enters the catholyte box 
at an acidity equivalent to pH of 5.2. During refining, the electrolyte 


decreases in nickel content leaving the tank at a pH of 4.0. The electrolyte 
is purified of iron and precipitable metals by passage over finely divided nickel, 
using the cementation method. Further removal of iron is obtained by 
adjusting the pH of the solution to 5.2 and heat to approximately 135*F., 
at which point ferric sulphates are precipitated. The electrolyte is then cooled 
down to 125°Е. and returned to the cells through rubber-lined or hard-rubber 
piping. Every precaution is taken to keep the electrolyte out of contact with 
metals, the liquid coming in contact only with hard rubber, mastic, and, in a 
single ense, with lead at the discharge-box end of the cell, where there is a 
lead apron. 

Owing to the use of the closely woven special canvas diaphragms and the 
resultant voltage drop across them, the energy efficiency will be low in com- 
parison with copper refining, The anodes are just slightly larger than the 
cathodes. A 3-day plating gives a 12-lb. starting sheet. Тор buckle strips 
are made from 114-day starting sheets being fastened together in the same 
manner as is common practice in copper plants, 

Chlorides are not added for anode corrosion, but they are present from 
various sources to the extent of 75 mg. per l. ‘The sulphur content of the 
electrolytically refined nickel is negligible. 
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The precious metal eontent of the original anodes is 34 ол. per ton, being 
mostly platinum, palladium, and some rhodium. | Slimes from primary anodes 
will run 12 oz. per ton. These slimes contain a large umount of nickel oxide, 
the nickel content being as high as 30 to 40 per cent. The slime goes back for 
reworking and remelting into so-called secondary anodes which have an 
original precious-metal concentration of 30 oz. per ton, yielding slimes running 
500 oz. per ton. These slimes are concentrated by further operations to a 
product containing 5000 oz. per ton for shipment. 

Table 22. Data on Electrolytic Refining of Nickel 
Electrolyte: 
% Ni 40 в. perl. 
% Boric acid 20 g. pe 
Temperature, °C 57 
Circulation apparatus 


srd-rubber pumps 10 rotaries, each. 
1100 kva. 
Current: 
Amp. per sq. ft. 
Voltage per tank... 
current. efficiency 
Kw-hr. per Ib. Ni. 


Anodes: 
‘Composition precious metals 34 ов, per ton 
Length, width, thie! 6x27 X2 
Weight, Ib. 415-425 
Mode of suspension. ast lugs 
Life, days 32-33 
% Serap, 36-40 

Cathodes: 

Starting sheet blanks. aluminum, NasS dipped, 30 Ib. eaoh 
Size starting sheet, length by 
width, in.,.... 36 x 28 
Weight, Ib. 11-12 
Mode of suspension nickel loops 
Replaced after how many days... 14 
Weight, Ib... М 125 
Deposition vats, length by width by 
depth. 16 ft. 934 in. X 2ft 1034in. X 5ft. 
Number of anodes, cathodes. 29, 30 
‘Tank material , mastic, or gileonite lined 
Anode mud: 
‘Composition 
From primary anodes. precious metals 12 ок, per ton, Ni 
30-40% 
From secondary anodes. pr metals 500 ox, per ton 


Electrolytic nickel-dissolving cells are used for restoring the metal content 
of the electrolyte, 

Cathode nickel is not remelted, but the cathodes are cut into squares 
either 2, 4, 6, 8, or 9 їп. as specified by the customer. These are packed in 
barrels for shipment. 

Tin. During the World War the electrolytic refining of tin was developed 
їп the United States as a means of dealing with the metal obtained from the 
smelting of complex or impure Bolivian ores from which straight dry thermal 
methods of refining could produce only a poor grade of metal. 

The bath employed commercially was 8 per cent H:$O,, 4 per cent cresol- 
phenol sulphonic acid, and 3 рег cent Sn. Practically, lead is the only impurity 
that dissolves; consequently the electrolyte must contain a radical that wi 
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form an insoluble compound with lead, such as a sulphate, chromate, fluoride, 
etc. The other metals occurring as impurities in tin (As, Sb, Bi, Cu, etc.) 
are not dissolved and remain in the anode slimes, 

The operating data are given in Table 23. The total acid in the electrolyte 
is calculated as Н»80., although it was partly Н:ЗО; and partly сгово! su 
phonio acid. Glue-eresylic acid emulsions were used as addition agent. 
‘The addition agent consumed was of the order of 14 to 31b. glue and 8 to 101b. 
cresylic acid per ton of refined tin. Refinery starting sheets were made by 
pouring molten electrolytic tin over an inclined steel table of the size and shape 
of sheet desired, a method similar to that used for making starting sheets for 
the electrolytic refining of lead. ‘The electrolytic tin analyzed better than 
99.98 per cent Sn. 

Table 23. General Data on Electrolytic Tin (Mantell) 
Electrolyte: 


% Sn. 2 d 3 
total acid (as 1:30) З 10 
Temperature, °С. 3 
Circulation, gal. per min 5 
Circulation apparatus. vertical centrifugal pumps 
Current: 
Amp. per sq. ft. cathode 8-10 
Voltage рег tauk...... 0.3-0. 
Current, kw, per generator. 4500 
% current efficiency 85 
Kw.-hr, per Ib, Sn 0.085 
Anodes: 
% composition Sn, 96.0; Bi, 1.0; 8b, 0, 
As, 0.15; Cu, 0.25 
10 
Length, width, thickness, in 33 X 36 x 134 
Weight, Ib.. 0 
Mode of suspension cast lugs 
Life, days 21 | 
% Scrap . 25 | 
Cathode: 
Size starting sheet, length by width by thick- 
mess, in. 34 X 37 X 0.03 | 
Weight, Ib 8 to 10 | 
Mode of suspension. wrapped 
Replaced after how many days 7 
Weight, lb. 100 


Deposition Tanks: 


Length, width, depth 12ft, 11in. X 3ft. Sin. X | 
3 ft. 6 in. 

Number anodes, cathodes. 26, 27 | 

Electric connec! Walker 

Material of construction wood, lead lined 

% composition. : «1.41.1. Pb, 20; Cu, 5; Ав, 3; Sb, Bi 


30; Bi, 20 


Silver. The raw material from which pure silver is produced is in the 
main concentrates from anode slimes from copper refining as well those of 
other nonferrous metals such as lead, nickel, and zinc; silver concentrates 

and silver- 


resulting from the desilverization of lead by the Parkes proces 
compositions including secondary metal and scrap. 


gold bullion of variou 
From eopper-refining slimes the crude silver may contain 95 per cent Ag, 1 
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to 8 per cent, Au, the remaining 2 per cent being Cu, Bi, Pb, Те, Fe, Ni, Pt, 
and small amounts of other metals; while from the desilverization of lead the 
crude silver may contain 98 per cent Ag; 0.5 per cent Au; 1,5 per cent being 
Cu, Bi, Pb, and Zn. Such material is cast into anodes and refined electroly- 
tically in a AgNOs-Cu(NOs)s electrolyte. 

In the electrolytic refining of copper, all the precious metals originally in 
the anodes drop to the bottom of the tanks during the process of electrolysis 
and are known as slime or anode mud. When the scrap anodes are lifted 
from the tanks after electrolysis, the slime is sluiced from the bottom of the 
tank and pumped to the silver refinery, On reaching the silver refinery, the 
slime is allowed to settle in large tanks, filtered, and given a light roast 
(300°C.). "This converts all the copper into copper oxide, readily leachable 
with 10 per cent H:SO,. The leached slime, containing less than 1 per cent 
copper, is melted and refined in small oil-fired reverberatory doré furnaces. 
During the refining process, the lead forms a lead slag which is skimmed off 
and sent to the lead refinery for further treatment. Antimony is volatilized 
and recovered from the flue dust. Selenium and tellurium are partly vola- 
tilized but are mainly removed by the addition of alkaline fluxes, The doré 
silver ie cast into anodes and electrolyzed for the parting of the silver from the 
gold, using both the Thum and the Moebius systems (Fig. 28a and Fig. 285). 


|-—Dors metal anode 


--Stainiess steel 
cathode 


Fra. 28a.—Thum cell, 28b.— Moebius сей. 


In the Thum system the electrolytic cells consist of shallow, glazed, porce- 
lain tanks, or mastic-lined concrete tanks, the bottom of which, lined with 
graphite slabs, forms the cathode. The doré silver anodes are arranged 
horizontally in wooden frames above the cathode. These frames are covered 
with canvas which acts аз а diaphragm and prevents the gold slime from 
mixing with the cathode deposit. Тһе silver is deposited in a loose crystalline 
form which is scraped from the bottom of the tank at regular intervals. In 
the Moebius system, the anodes and cathodes are arranged vertically in much 
the same manner as in copper refining, the anodes being enclosed in canvas 
bags in order to catch the gold slime. ‘The cathodes are sheets of stainless 
steel. Mechanically operated wooden scrapers are used to remove the 
silver crystals from the cathodes into trays which are periodically withdrawn 
and emptied. The cathode deposit of silver crystals is very pure. After 
washing, it is melted in large graphite retorts into standard 1,000-oz. bars, 
assaying over 999 in fineness. 

‘The gold slime resulting from the silver electrolysis contains all the gold, 
platinum, and palladium which were originally present in the blister eopper- 
It is treated with H:S0, to remove the excess of silver present and is then 
melted in graphite crucibles and cast into gold anodes to be electrolyzed 
using the Woblwill pr 

The silver electrolyte is silver and copper nitrates (60 g. Ag per liter, 40 и. 
Cu per liter) operated at a current density of 40 to 50 amp. per sq. ft. 

Gold. The process employed for gold refining is due to Wohlwill. The 
method, which is used for the refining of gold in all of the United States 
mints, consists in electrolyzing gold anodes in a hot acid solution of 7 to 8 рег 
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cent gold chloride and 10 per cent HCl. In order to maintain low interest 
charges on the gold tie-up, a high current density of 110 amp. per sq. ft. of 
cathode surface is used. This necessitates a thorough stirring of the elec- 
trolyte, which is accomplished by means of a small air lift. 

Та gold electrolysis, the platinum and palladium are totally soluble and are 
allowed to accumulate in the electrolyte until present in sufficient quantity to 
recover. The amount of platinum and palladium recovered is small, averag- 
ing only about 1 ox. of the combined metals per 1,000,000 Ib. copper refined. 

"The electrolysis cells are constructed of glazed porcelain and chemical 
stoneware. They are relatively small in size, in that the electrolyte is an 
expensive one. The cathodes, having the same area as the anodea, are of 
thin gold foil or thin rolled-gold sheet. In copper refineries the anodes are 
fairly thin. In governmental refineries or mints where interest on metal 
tied up is not a factor, the anodes may be fairly thick. At periodic intervals, 
due to the accumulation of impurities, part of the electrolyte is drawn off 
for purification and replaced by a strong AuCls solution. 

For the treatment of anodes of high silver content, Wohlwill modified his 
process by using an unsymmetrical a.c. in which an a.c. of low frequency and 
greater current density is superimposed on the d.c, The quantities of gold 
dissolved and deposited are functions only of the d.c. The а.с. opposes passi- 
vation which would develop in a high-silver-content anode as the AgCI] layer 
forms over the gold anode, lessening the active area and increasing the effe 
tive current density. The а.е, prevents the formation of an insulating film 
over the anode and causes the AgCl to Наке off readily. 

The modified Wohlwill process employing a.c. is not used in copper refineries, 
but the method finds employment in the government mints and assay offices. 

Bismuth. Bismuth-rich slimes are produced as a by-product of the 
Betts method of lead refining. The slimes are washed, dried, and smelted 
under oxidizing conditions with МагСОз and NaOH to produce alkaline 
slags which carry off the arsen as sodium compounds and 
the copper as oxide. The residue is crude bismuth containing mainly silver 
and lead. This is refined electrolytically in an acid ВІСІ, solution containing 
somewhat more than 100 д. НСІ per liter and 3 to 4 д. of bismuth in a Thum 
vell, the same type as is used for silver refining, at 50? to 60°С. The lead 
from the crude bismuth anode goes into solution as PbCl: but does not 
deposit with the bismuth. It concentrates in the electrolyte, portions of 
which are periodically removed and the PbCI ystallized out, 


Electrowinning 
Copper. In several places in the world, copper-containing minerals are 
treated for the recovery of the copper by hydrometallurgical methods, in 
which the mineral is leached or dissolved by 2 solution which in turn becomes 
an electrolyte and is stripped of a portion of its metal values by electrolytic 
precipitation, the stripped or spent electrolyte being returned for leaching 
fresh ore in a cyclic process. The metallic values of ores treated by hydro- 
metallurgical or electrowinning methods are usually very low, being of the 
order of 1.5 to 1.75 per cent copper (or less). At the plant of the Chile 
Copper Co. at Chuquicamata, Chile, the principal copper minerals are 
chaleanthite (CuS0.5H:0), brochantite [Cu80,.3Cu(OH);], and atacamite 
[CuCl.3Cu(OH);], and the leach contains H:SO. In the electrolytic 
deposition insoluble copper silicide anodes are used. Power consumption per 
pound of copper is much higher than in copper refining because of the greater 
voltages across the cells. 
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In the-plant of the Inspiration Consolidated Copper Co. at Inspiration, 
Ariz., the ore consisted of mixed oxides and sulphides in which the total 
copper of the ore was of the order of 1-1 to 1.2 per cent. Theleach wasa H:SO:- 
Fe:(80;)s solution, and the insoluble anodes were 8 per cent antimonial lead. 

In general, the ores were leached in large concrete tanks. At Chile the tanks 
are of reinforced concrete lined with mastic, while at Inspiration they were 
reinforced concrete lined with lead. In general, despite the fact that hydro- 
metallurgical plants are operating with extremely low grade ores, the copper 
recovery is of the order of 80 to 90 per cent and the production costs are 
considerably lower than in pyrometallurgical plants operating smelters, 
These smelters, in addition, have the advantage of using high-copper-content 
ores. 

Operating data for different plants vary widely depending upon ores treated, 
leaching solutions used, impurities encountered, and methods of purifica- 
tion. For further data see Mantell, “Industrial Electrochemistry,” 2d ed., 
McGraw-Hill, New York, 1940. Сей electrolytes are 20 to 35 к. Cu per liter, 
20 to 45 к. H:SO4 per liter. Current densities average 10 to 12, although as 
low as 5 amp. per sq. ft. are used. Energy consumptions are 1 to 1.5 kw.-hr. 
per lb. Cu; tank voltages are 1.8 to 2.5, and current efficiencies 65 to 90 per 
cent. 

Zinc. Vast quantities of complex zine ores are available which are not 
readily amenable to pyrometallurgical methods, but in the treatment of which 
lenching processes, coupled with electrolytic deposition, have particular 
advantages. In addition, the subsidiary metals сап be completely recovered. 

Electrolytic zinc plants are now operating on a very large scale in a number 
of places in the world. In general, all the processes employed involve Hi804 
and the production of 2180, electrolytes, which can be divided into those 
termed low-acid, low-current density, and the high-acid, high-current density, 
also known as the Tainton process. 

‘The ores treated are of the complex zinc-lead-copper-iron sulphide type. 
‘These ores, averaged after roasting, contain 33 рег cent or higher Zn, 4 to 4.5 
per cent S, and a soluble zine content of the order of 82 to 86 per cent, 10 per 
cent Pb, 21 to 22.5 per cent Fe, and 1.7 to 2 per cent Cu, with about 7 to 7.5 
per cent of the ore being insoluble in acids. In the roasting of concentrate 
containing 5 per cent iron (or less), practically all the iron combines with 
zinc as ZnO.Fe:Os (ferrite), which is nearly insoluble in dilute HsSOx. As the 
iron content increases above 5 per cent, the combination of ліпе and iron 
oxides can be partly controlled by temperature regulation during roastin 
The roasting furnaces are operated to convert the zinc sulphide in the ore to 
acid-soluble oxides and sulphates and, at the same time, to produce SOs which 
is used for the manufacture of HsSOx employed in leaching. 

In general, the procedure is cyclic. Electrolyte from the cells after the 
greater portion of the zine content has been deposited is used to leach roasted 
ore, termed calcine, the solids and liquids being separated, the ZnSO, solution 
being purified by means of metallic zine. Spent electrolyte from deposition 
tanks contains 10 to 11.5 per cent H:SOx and about 2.5 per cent zinc. After 
the leaching treatment, the liquor contains about 0.5 per cent Н:804 and 10 
per gent sine. 

‘The high-aeid, high-current-density method is employed in the electrolytic 
zine plants erected to treat the zinc-bearing ores of the Coeur d'Alene district. 
‘These ores cannot be classed as particularly favorable for electrolytic treat- 
ment, inasmuch as they tend to form an unusually large amount of insoluble 
zino ferrite in the roast and yield appreciable quantities of gelatinous silica 
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in the leaching operation. Furthermore, they contain relatively large 
amounts of cobalt, which is one of the most troublesome impurities from the 
standpoint of electrolytic zinc treatment. In the Tainton high-acid process 
the return electrolyte used for leaching carries 28 to 30 per cent free acid, 
and the electrolysis is carried out at a current density of 100 amp. per sq. ft., 
both of these amounts being about three times as great as the corresponding 
figures in ordinary electrolytic zinc practice. 
Table 24. Electrolytic Zinc 
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w acid, low ed, | High acid, high od, 


Electrolyte: 
n to ell, g per 1. 100-150 200-220 
H,S04, cell discharge, g. pee L 100-130 280 
ty, amp. per ва. ft. 30-40 100. 
Current обеси 90-94 87-92 
Voltage per tank 37 3.23.5 
Anodes: 
Material Load alloy 
Construct & 40-50%, perforated 
hod 
"Sheets Aluminum: Aluminum 
An офи on cathode, fi -n 22-2 
Tanks, |... | Wood, lead lined; ог | Wood, lead tined 
lined concrete 
Tank mud Mas Л 


Table 25. SS а, of Cadmium 
Raw material, RIG de tep eer sess Presipitate from Zn dust puri- 
fication of Zn electrolyte 


Eleotroly 


Cd to cells, g. per 1.. : 100-120 
Zn to cells, g. per 1... Я + 80 
Concentration H:80s, cell dis hare, g. perl... 70-80 


Temperature, °С..... 
Current рег vell: 


AREE CS 


Amp. per ва. ft... 4.25 
Current efficieney, % 111: 80-00 
Kw.-hr. per lb. near: 


Voltage per tonk... 1a Rp asusin «Жз: закат aR 
Anodes: 
Composition, .. ,.. 


sere Теза 


Anode-oathode spacing, in. ..... « tae 33 
Cathodes 
‘Composition. s Aluminum 
Removed i ; 24 br, 
Weight, lb.. tg 100 
Tanks: 
Number anodes and cathodes. А 
Material of construction.......... у ‚ Wood, lead lined 


In the Tainton process, zine ferrite is separated magnetically from the 
calcine and in the leaching process is first added to a strongly acid soluti 
resulting from stripping the electrolyte in the deposition cells, the neutrali 
tion of the acid being then completed by the use of the ZnO portion of the 
calcine free from ferrite. With the allowable production of sine ferrite in 
the caleine, less rigid control on roasting is necessary than is needed for the 
usual type of leaching of zine ores. 
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Cadmium Recovery. Cadmium is found in very small quantities in 
practically all zinc ores, Tt can be profitably produced only as a by-product 
in the manufacture of some other metal. Important sources of raw material 
are bag-house condensation products from lead and copper furnaces, sinc 
ores, "blue" powder, and particularly cadmium residues from electrolytic 
zine plants. ‘These materials are leached, purified by chemical treatment and 
by the precipitation of heavy metals with zinc, to produce liquors containing 
only zine, cadmium, and free H:SOs These liquors are electrolyzed between 
insoluble lead anodes and aluminum cathodes. In earlier plants, rotating 
cathodes were used, but in present practice they are stationary. Operating 
data are given in Table 25. Cadmium has found widespread application in 
electroplating and rust-proofing. Demand for the metal has at times exceeded 
the supply and markedly increased the price. 

Manganese is leached from reduced manganese ores by sulphate solu- 
tions which are electrolyzed in multicompartment cells to produce pure metal. 


Alkaline Chloride Electrolysis 

Aqueous Electrolytes—Chlorine and Caustic. Chlorine and NaOH 
are made by the electrolysis of a solution of an alkaline chloride, generally 
NaCl. The sodium ion travels to the cathode. The cathodic products 
are a solution of NaOH and hydrogen gas evolved at the cathode. The 
chlorine ion travels to the anode, gives up its charge, becomes a chlorine 
molecule, Ch, and to the greater extent is evolved as gaseous chlorine, 
although some dissolves in the solution. The anodes almost universally 
in use are those nonattackable by chlorine, consisting of graphite. In every 
commercial cell, precautions are taken to keep the anodic and cathodic 
products separate from each other so that they do not interact to form hypo- 
chlorites. The products of electrolysis are removed as rapidly as possible 
from the sphere of electrolytic action. Cells in commercial use fall, with 
only minor exceptions, into those in which the hydroxyl ions are not liberated 
inside the electrolysis chamber (as in the mereury cells) and diaphragm cells 
in which mixing of the anolyte and catholyte is prevented by а porous dia- 
phragm. ‘These may be subdivided into those rectangular in shape and those 
circular or cylindrical in form. ‘The bell-jar cell is an example of the type 
which does not use а diaphragm, but in which mixing of the anodic and 
cathodic products is prevented by regulation of the electrolyte fed to the cell. 

"The fundantental principles of construction of the more important cells 
used commercially are shown in Fig. 29. 

‘The mercury cell employs a large iron-grid cathode with graphite anodes 
and an intermediate electrode consisting of mercury. In one portion or 
chamber of the cell a solution of NaCl is electrolyzed to produce chlorine at the 
anode and sodium metal at the mercury cathode. The sodium metal alloys 
with the mercury to form an amalgam. Circulation of the mercury by 
mechanical means, such as pumps, screws, or rocking, causes the mercury from 
the NaCl compartment to pass into another compartment where it functions 
as an anode in a NaOH electrolyte, with the production of hydrogen at the 
iron cathode. The second section is often termed the denuder. The sodium 
from the amalgam is discharged with the formation of caustic solution, A 
number of modifications of а mechanical nature for the circulation of the 
mereury have been proposed. In general, mercury cells produce caustic 
liquors of much higher concentration than those of other types. 

In the Castner cell the mercury is circulated from two outside electrolysis 
compartments to з central denuder section. In the Sorensen cell the 
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mercury js mechanically circulated by means of a cup wheel which returns the 
metal from the lower level denuder to the higher level of the electrolysia 
chamber, from which the mercury circulates back to the denuder. In the 
Krebs cell, built in capacities from 4,000 up to 15,000 amp. and shown in Fig. 
30, the mercury circulation is by means of an Archimedean serew or pump 
from the denuder chamber to the electrolysis section, from which higher level 
the mercury flows back to the denuder section. Typical operating data are 
given in Table 25. 

In the bell-jar cell, used to some extent abroad but not at all in the United 
States, a bell jar consisting of а nonconducting and nonporous material is 
inverted in а vessel containing the NaCl electrolyte, while outside the bell 
there is a ring-shaped iron cathode. The graphite anode is inside the bell. 


Brine entrance-. m 


circulator 


Amalgam 
charge җе ү 


rihe exit” 


C Caustic exit 
~ Impurities 


30,— Krebs mercury cell. 


Brine feed is through the top of the bell, past the anode. The bell also con- 
tains а chlorine outlet. As cathode alkali is formed, because of its specific 
gravity and mixing due to hydrogen evolution, it is distributed throughout 
the whole of the containing vessel. Because of hydroxyl-ion migration 
and diffusion, it tends to ascend the bell jar but is prevented by the downward 
How of brine solution coming from the anode, so that а sharp alkali boundary 
and neutral layer are formed at а level between the bottom of the anode and 
the bottom of the bell jar. Commercially, the cells are small in size and 
cannot be depended upon to operate in a satisfactory manner, difficulty being 
experienced in the maintensnce of the alkali-salt-solution boundary. 

The Hargreaves-Bird cell consists of an iron box lined with cement and 
divided vertically along its length into three compartments. The middle one 
contains the graphite anodes, brine feed entering the cell at the bottom of the 
middle compartment and overflowing at the top, a portion of it diffusing 
through the diaphragm and being electrolyzed. The separating partitions 
are asbestos or asbestos cement serving as diaphragms, while the cathodes 
are alongside of the diaphragms and consist of copper gauze. The electrolyte 
percolates through the diaphragm to the cathode and into the cathode com- 
partment. Steam is introduced into the cathode compartment and tends to 
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ep the diaphragms open. 
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At the same time CO: is also introduced, uniting 
with the cathode product to form Na:COs so that the solution drawn off at 
the bottom of the cathode chambers is a mixture of NaCl and NasCOs, which 


life. 


are separated by crystallization. 
‘The cell is in use only in the paper industry. 
instead of the more valuable NaOH. 

The Townsend cell consists of a center compartment containing the graph- 
ite anode, the electrolyte, a brine feed and a chlorine outlet, and two side 


of producing NaC 
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[Horine, Chem. & Met. Eng., 21, 71 (1919).] | 


The commercial cells show extremely long 
It has the disadvantage 
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compartments containing kerosene separated from the center compartment: 
by an asbestos diaphragm alongside of which are iron-grid cathodes. The 
side compartments have hydrogen exits and adjustable swan necks for 
drawing off the caustic liquors. Saturated salt electrolyte is circulated 
through the anode compartment and part of it diffuses through the diaphragm 
and is electrolyzed. "The products of electrolysis in the form of drops of 
electrolyte are curried away from the cathode by the hydrogen gas, to become 
mixed with the kerosene oil through which they drop to the bottom of the 
compartment. The kerosene oil serves to equalize the hydrostatic pressure 
on both sides of the diaphragm. Commercial cells operate at voltages of 4 
to 4.2 and have capacities of 4,000 amp. per cell. Current efficiencies are 
of the order of 90 to 95 per cent. The materials of construction for the cell 
are cement and steel, In general, the shape of the cell is rectangular. 

The Giordani Pomilio cell is similar in construction, employing vertical 
submerged diaphragms, but kerosene is not used. 

The LeSueur was the first commercial porous, submerged diaphragm cell 
employed in the manufacture of Cl: for paper work, It is shown diagram- 
matically in Fig. 29. 

The Allen-Moore cell resembles the Townsend сей in certain structural 
features. The anode compartment consists of a shallow U-shaped reinforced- 
concrete pot carrying the graphite anodes and forming the anode chamber. 
"The cathode compartments are bolted externally, the separation between 
the compartments being made by asbestos diaphragms backed by perforated 
sheot-iron cathodes. The cell is rectangular in shape. 

The Buck-McRae cell is similar in construction to the Allen-Moore cell 
but in addition has в central diaphragm and cathode, The entire cell fits 
in an iron tank and is enclosed at the top by a cement block or blocks through 
which the graphite anodes rise. Simplicity of construction is a feature. 
The cell is rectangular in shape. 

‘The Nelson cell consists of a rectangular steel tank which carries a U-shaped 
perforated-steel cathode plate to which is fastened the asbestos diaphragm. 
Brine is introduced into the central compartment which contains the anode 
and the chlorine outlet. Brine percolates through the diaphragm to the 
cathode chamber in which an atmosphere of steam is maintained, 

‘The Hooker cell is a high amperage unit, almost cubical in shape, using com- 
pletely submerged diaphragms, being the commercial successor of the Town- 
send cell. 

The Basle cell is an unusual type, finding employment in Europe. The 
feature of the cell is the mechanism used to circulate the electrolyte from 
anode to cathode, Both the graphite anodes and the iron cathodes are sur- 
rounded by asbestos-bag diaphragms. Hydrogen generated at the cathode 
inside the bag carries the cathode products up through the short iron tubes 
into gutters on the top of the cell, the gutters being covered by a collecting 
hood. Chlorine is taken off at the top of each anode through nonconductive 
collecting bells. A constant-level brine feed is used. The largest unit takes 
about 7,500 amp. and produces 11 to 13 per cent NaOH and 98 per cent 
chlorine, at a current efficiency of 90 to 92 per cent at a voltage of 3.3 to 4.5 at 
40° to 50°С. 

‘The cylindrical cells are represented by the designs due to Gibbs, Wheeler, 
and Vorce. A central chamber contains the graphite anodes, surrounded by 
an asbestos diaphragm alongside of a perforated iron-sheet cathode, the entire 
cell being enclosed in a steel cylinder. The chlorine outlet is at the top in all 
eases, and in the Gibbs and Wheeler brine feed is nt the bottom, in the Vorce at 
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the top. In the Gibbs and the Vorce cells, the anodes depend from а cover 
and are supported on the external cylinder, while in the Wheeler cell the weight. 
of the anodes is carried by a central double-cone or cylindrical cement pedestal. 
Caustic flow in all cases is from the external cathode compartment at the 
bottom of the cell. "The usual construction materials are graphite for anodes; 
asbestos for the diaphragm; iron, or one of its alloys in some cases, for the 
eathode; cement for the cell 


base and cover; and steel for 
the containing cylinder. 32 
The three cells differ in other 
more or less minor structural 
features. 

Commercial operating 
data on the various types of 
cella finding employment in 
plants in the United States 
are given in Table 26. For 
greater detail, see Mantell, 
"Industrial Eleetrochemis- 
try," 24 ed., McGraw-Hill, 
1940. Figure 31 із а calcula- 
tion chart, useful in connec- 
tion with commercial 
chlorine cells. It is the work 
of Horine (Chem. & Mel. 
Eng. 21, 69 (1919). Power 
costs ure very important in 
chlorine production. Dif- 
ferent cells operate under rel- 
atively widely different 
current efficiencies and volt- 
ages, во that from 0.62 to 0.70 
Ib. chlorine per kilowatt-hour 
are produced. Vigure 32 
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energy efficiency as expressed ا‎ 
in pounds of chlorine per o oi 07 0з 04 05 06 OT 08 d 10 
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in cents per kilowatt-hour, y. 35 "power cost per ton of chloriné at. varying 


and the total power cost in power costa and chlorine yields. 
dollars per ton of chlorine 
produced by the cell or plant in question. 


Fused Electrolytes 

Aluminum. The entire world production of aluminum is obtained by 
the electrolysis of a solution of alumina (Al:O:) in fused cryolite (AIFs.3NaF). 
The process is based on the patents (1883-1889) of Hall in the United States 
and Heroult in France. Fundamentally, aluminum is produced by the 
electrolysis of alumina dissolved in a bath of aluminum fluoride and the 
fluoride of one or more metals more electropositive than aluminum, such ая 
sodium, potassium, or calcium. Cryolite melts at about 1000°C. and at 
temperatures slightly above its melting point is able to dissolve as much as 
10 to 20 per cent of its weight of alumina with resultant decrease in its melting 
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point. As the result of electrolysis alumina is decomposed, aluminum metal 
heing deposited at tho cathode in a molten condition (melting point about 
660°C.) and oxygen at the carbon anode with which the oxygen reacts to form 
the probable primary product of 


COs. This is believed to be sub- 
sequently reduced to CO by the ы Alectrolyte 
hot carbon. Tho thermal effect foren crustaf7 pod 
of the oxidation of the carbon an- „суушу | aluminum 


odes is to reduce the amount of aim 


electrical energy required to main- Tp hole ЕЕЕ ae 
tain the bath in a fused state. Carbon lining? 
The bath itself is not appreciably Fio, 33.—Electrolytie aluminum cell, 


decomposed by the current. 

At the operating temperature the fused eryolite (or modified bath) and 
molten aluminum are very reactive and destructive of containers, Hall 
solved the problem by the use of an iron crucible ог а box lined with carbon, 
To date no better materials of construction have been found. 


Table 27, Operating Data for Aluminum and Magnesium 


Factors Aluminum Magne 
Raw material. Purified AkO; Anhydrous Маса | 
Melting point m Cryolite 1,000 МЕС 708 | 
Melting point metal, Al 660 (about) МЕ 651 
Bath material ‘ Cryalite-+ Na, Al, Ca | МЕСЬ + NaCl 
uorides 

Furnace: 

Заре... Rectangular Rectangular 

Shell... RS 1-24п. stool Steel 
Anode arrangement, Suspended vertically | Suspended vertloaliy 
‘Anode materia Я Graphite 
Cathode material 5 Rammed carbon lining | Steel pot. 
Voltage across сей... = 5.57 69 
Amperage of vel. 3 8000-30.000 
Current density, amp. per за, n... |. «..-- Реле: 16-35 
Operating temperature, °C. 900-1000 670-730 
Gonoanteaion of raw materin in Баба | 2:52 АҺО; 


‘Theoretical decomposition voltage... 2.0 
Carbon consumption. ...... 160451 per b. At 
Raw material consumption. 555. 2-22 1b, Abe por 1b A1 | 4-51, MgCl per Tb. Ма 
Current efficiency, $ 90 0-8 

Energy efficiency, $5... 
Energy consumption. .......- 
Specific gravity molten Ai 
Specific gravity molten eryolite-. 


20-30 
ger Ib; AL. [8-13 kir. per 1b; Mg 


The reduction cell or “pot” is a strong steel box, usually rectangular in 
shape, provided with a carbon lining 6 to 10 in. or more in thickness. 
33 shows the essential features of such a cell. External and internal dimen- 
sions of the cell and lining vary considerably with current capacity. In 
commercial practice the smallest cells are 8,000 amp: and the largest of the 
order of 40,000 amp. Generally the more current that ean be used in n cell, 
the lower will be the producing cost of 1 Ib. aluminum. Aluminum produe- 
tion is approximately proportional to the current, while it takes just about as 
much labor to run a small cell as alarge one. The limit of current capaci 
set by increase in difficulties involved in changing anodes, breaking the frozen 
top crust, and operating the larger cells, For multiple-electrode pots the 
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practical limit is reached at about 30,000 amp. Operating data are given in 
Table 27. 

Aluminum Refining, Aluminum is refined electrolytically in an inverted 
cell in a fused electrolyte composed of cryolite, AIFs, and BaF’ nearly satu- 
rated with АТО; [Ртагу, Electrolytic Refining of Aluminum, Trans. Am. 
Electrochem. Soc., 47, 275 (1925). Heavier aluminum alloys at the bottom 
of the cell are in contact with the carbon anode, and the refined, purified 
metal rises through the electrolyte to make contact with graphite cathodes 
suspended vertically through a top frozen crust of electrolyte which contains 
a large concentration of alumina, 


Table 28. Aluminum Refining 


Bath, ... Cryolite, AIFs, BaF nearly saturated with Alis 
Cathode. ..... Purified molten metal, graphite 

Аподе...... ‚ Impure molten metal, carbon (Си-А1 alloy) 
Cell working temperature 000-1100*C. 

Voltage. ....- .. 57 


Current per сей... 
Purity of metal 


Magnesium. Magnesium is prepared in large quantities by the chloride 
process, in which the raw material and clectrolyte 
are MgCl: to which some NaCl may be added to 
lower the melting point, Figure 34 shows a typical 
cell, Operating data are given in Table 27. For 
manufucturing processes involving preparation, puri- 
fication, and drying of the MgCl: and its electro- 
в, see Gann, The Magnesium Industry, Trans. 
Am. Inat. Chem. Engrs. 24, 206 (1930); or Mantell, 
"Industrial. Electrochemistry,” 2d ed., McGraw- 
Hill, 1940. 

Beryllium, Beryllium is próduced from beryl by 
chemical concentration, producing chlorides or fluo- 
rides, Mixed fused salts are employed as electrolyte. 


Table 29. Beryllium Production 


‚000 amp. 
.80-99.90 per cent Al 


Density Re metal... m * = 1.85 

Melting point Be metal. grear p с, ВО 

Онза rav material... Beryl, 45 per cent Be, 12-15 рег cent BOO; 
19-22 рег cent AlsOs, 67 per cent 8103 

cll raw material... Весь Верь 

Bath. BeCl-NaCl Вар Вер Мара. 

Савой 1111] Iron pot Tron 

Anode... " Graphite. Graphite. 

Bath. temperature, *C. 730-820 1300-1350 

Cell current, ашр. t5] 


Voltage... У 5-8 
Yield... 10 parts Bel to 1purt Be | 9595. 
Purity of metal.. терке 98% 


Calcium. Calcium is made on a small scale by fused salt electrolysis 


according to the data shown in Table 30. 


Cerium, Metallic cerium is produced from fused CeCls plus alkali chlo- 
оп pot cells with graphite anodes, at 5.5 to 6.5 amp. per sq. in. 


rides ine: 


at voltages of 10 to 15, The metal is used for pyrophoric alloys. 
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Lithium, | Lithium is produced in small amounts by the electrolysis of 
fused halides of potassium and lithium which are produced from lithium min- 
erals such as lepidolite, spodumene, and triphylite. ‘The electrolytes used are 
either LiCl and KCl, or these with some LiBr. The metal is useful as an 
alloying agent for nonferrous metals such as copper. Its specific gravity is 
0.534, melting point 186°C. 


Table 30. Calcium Production 


Raw material Б Anhydrous CaCl 
Melting point С: 780. 

Melting point C: 800, 

Specific conductivits 1.9 at 800°C, 
Туре of cell Contaet electrode 
Cell temperature, 2С 780-800 


Current density, amp. per sq. in. 
Energy consumption. 

Kw.-hr. per ton. 

Cw.-hr, per Ib. 
у efficiency, 


Sodium. Sodium is produced on a large seule from the electrolysis of fused 
NaOH or NaCl. In the older method (NaOH) the Castner vertical cell is 
employed in which iron anodes and cathodes are used, with external heating of 
the сей, In the newer method (NaCl) graphite anodes are used and the cell 
assumes а number of different forms. In both cases sodium metal comes to 
the top of the electrolyt 


Potassium is prepared electrolytically in a manner similar tothat employed 
for sodium, from either KOH or halide salts. 

Barium has been prepared from a fused fluoride electrolyte. 

Calcium-lead alloys are prepared by the electrolysis of fused calcium 


halides with а molten-lead cathode in a furnace externally heated. 


Electrothermics 


‘The manufacture of many electrochemical and electrometallurgical prod- 
ucts requires temperatures higher than those obtainable by ordinary com- 
bustion methods. In this particular field there is no competition with heating 
obtainable by the use of fuels. In general, electric heating shows greater 
flexibility of application than do competitive methods of gas or solid-fuel 
combustion. Electric heat can usually be developed at, or adjacent to, 
the point of use more rapidly than fuel hi In electric heating there is а 
lower temperature gradient between the heat source and the point of use. In 
contradistinction, flame temperatures are often 1000° to 20009. higher 
than the working temperatures required. Electric heating shows higher 
relative efficiency, but unless power rates are very low it is more costly (see 
relations in Fig. 35). 

"The field of application of electric furnaces сап be subdivided into (1) 
those employed for iron and steel; (2) those commonly employed in the pro- 
duetion of ferroalloys; and (3) those especially adapted to the melting of 
nonferrous metals and alloys. To these must be added (4) the discussion, 
of nonmetallic products of the electric furnace of the are and resistance 
types, such as CaCs, silicon carbide (SiC), and graphite, as well as distillation 
products such as C&«. 

The clectric arc is the simplest and most practical of the general methods 
of electric heating. It has found the widest application in the steel industry. 
In general, the are is formed between two carbon electrodes, but in order to 
strike the are the electrodes are brought in contact, after which the gap may 
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be gradually produced and the are still maintained. If the gap become {оо 
wide, the are will break. Hence, in are furnaces some means of regulating 
the distance between the electrodes must be provided. Are phenomena аге 
explained on the assumption that some of the electrode material is vaporized 
by the heat of the аге, and that these vapors serve as the conductor. The 
ate gives us the high- 
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It will thus be seen that the furnace proper, consisting of the shell, roof, 
electrodes, and tilting mechanism, is only a small part of the complete furnace 
setup. 

Electric Steel Furnaces. The electric furnace has almost entirely 
replaced the erucible method for steel manufacture, and in the recent develop- 
ment of ferrous alloys, particularly of the stainless, nickel-chromium, vana- 
dium, and tungsten types, of high-speed steels and cutting tools, has found 
other applications. It has definitely earned а place for itself in foundry work 
and steel-casting practice as well as for some types of ruil steels, In general, 
the only part the electric current and electric furnace play in the manufacture 
of steel is in the production of heat. For the development of this heat only 
two successful types of furnace, the are type and the induction type, are 
available. Тһе advantages of electric-furnace application to steel metallurgy 
are the quick availability of the heat produced, the unusually high temper 
tures, the ease of regulation, the steady maintenance of any desired tem- 
perature, the cleanliness of the furnace and the method of heating, the 
nonproduotion of harmful gases, and the ease of control of the furnace atmos- 
phere for the production of oxidizing, reducing, or neutral conditions at the 
will of the operator. 

Tn are furnaces the heating of the charge is chiefly by radiation from an 
or arcs situated immediately above the bath. Many different arrangements 
have been proposed by various inventors, as well as utilization of single- 
phase, two-phase, and three-phase circuits. In the majority of are furnaces 
the ares play between the electrodes in the bath itself. Such furnaces differ 
in the manner in which the current is introduced into the furnace and let, 
out of it. This can be done entirely by electrodes entering through the roof 
or top, in which case there are as many ares as electrodes and never less than 
two of each. In the Heroult and ‘Lectromelt furnaces as examples, the аген 
are in series, In another type the bottom of the furnace may be built of such 
materials ns to allow it to be used as an electrode, giving a direct-arc free- 
hearth-electrode furnace, an example of which is the Girod. Ina modificati 
of this type the metallic or conductor-material hearth electrode may be 
separated from the fluid charge by the refractory which forms the hearth 
lining. Although at room temperatures these refractories are insulators, at 
the operating temperatures of the steel-refining furnace they conduct fairly 
freely. Under such circumstances considerable currents can pass through 
the hearth. Such a construction results in the direct-arc buried-hearth-elec- 
trode type of furnace such as the Greaves-Etehells and Electrometals, In 
addition, other furnace designs may combine electrode arrangements of two 
or more types, giving mixed types of furnaces such as the Newkirk, the Booth- 
Hall, and the Nathusius. Instead of being inserted through the roof of the- 
furnace, electrodes may be introduced through the side, or through the sides 
and top, giving ares between the electrodes, the heat being reflected down 
from the furnace roof to the bath or material under treatment, These are the 
indirect-are type of furnace represented by the Stassano and the Rennerfelt as 
applied to steel melting and the Detroit rocking furnace used in nonferrous 
melting. The different classes of furnaces are illustrated diagrammatically 
in Fig. 36. 

‘The Heroult furnace heads the list of electric furnaces used in the manu- 
facture of steel. It consists essentially of a shallow hearth lined with calcined 
dolomite or magnesite, roofed with silica brick. The hearth slopes up in 
front toward a pouring lip. The melting chamber is surrounded by poorly 
conducting material The whole furnace is enclosed in a shell or casing of 
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steel sheet. Present-day Heroult furnaces are usually three electrode, threo 
phase. The electrodes are supported above the roof of the furnace through 
which they project to within an inch of the surface of the slag over the metal. 
Electrodes are so far separated from each other as to prevent ares between 
them. Heating occurs through ares between the electrode and the slag, the 
slag and the metal underneath, the current carried thus in seriea to the next 
electrode but passing through a layer of slag and forming a second are as it 
jumps between the slag and the electrode. Practically all of the heat ја 
formed by the ares above the slag which nets as а shield to the metal to protect 
it from the carbon vapors thrown off at the bottom of the electrode and from 
the very high temperatures at this point. Portions of this heat are trans- 
mitted to the metal through the slag and may be distributed to all parts of the 
bath by conduction and convection. Heroult furnaces are designed in 14-, 
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1-, 1]4-, 2-, 3-, 7-, 10-, 15-, 25-, 40-, and 100-ton capacities for open-top, chute, 
or machine charges. In the larger sizes, six electrodes may be employed. 
It is considered good practice to obtain a power consumption of approxi- 


mately 500 kw.-hr. per net ton in the making of acid steel castings in n 3-ton 
Heroult furnace with an electrode consumption of 10 to 12 Th. carbon per net 
ton. In the making of Поу steels by the basic process in а on Heroult 
furnace, the power consumption is approximately 525 kw.-hr. per gross ton 
good ingots. 

The Moore 'Lectromelt furnace is similar in type to the Heroult furna 
being of the direct-are series type employing three electrodes operating on a 
three-phase circuit. While the Heroult has been used largely in steel refining 
the "Lectromelt furnace has found its place in steel and iron foundry work 
It is estimated that over 80 per cent of the electric-furnace foundry capacity 
is produced in "Lectromelts. The furnaces are of the quick-melting type, 
generally using acid linings. Та foundry practice, the electric furnace shows 
275 per cent thermal efficiency as compared to a 35 per cent value for a well- 
operated foundry cupola. The reducing atmosphere of the electrie furnace 
makes possible the utilization of light scrap, turnings, borings, and similar 
low-cost materials not ordinarily suitable for open-hearth and cupola melting. 

А typical energy distribution during the melting period in acid hearth 


practice shows: 
Por Cent 
Useful energy 67 
Heat flow through enclosure 16 
Heat flow through openings 7 
Escaping gases. 5 
Cooling-water loss, 5 
Sources of energy 
Blestrie power 93.4 
Charge 0:40 
Reactions У 26 
Electrodes З aues 


‘Typical energy expenditures during melting and refining in basic practice 
with а 15-ton furnace are as shown in the table on page 2805. 

The Swindell furnace is a three-electrode three-phase direct series are 
furnace with a balanced load on each phase. No bottom furnace connections 
are used. In general, the construction and electrode locations are similar 
to the Heroult. One of the features of the standard line of Swindell furnaces 
that distinguishes it from all other makes is that the electrodes do not tilt 
with the furnace when tapping but are raised in a vertical position until they 
clear the furnace, after which the ports are covered and the furnace tilted. 
In this furnace the electrode masts are separate from the furnace shell. 
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А multiple system of electrode melting furnaces has been developed for 
the continuous pouring of castings. Two complete furnaces are mounted 
on a revolving platform by which means the same transformer and set. of 
electrodes are used for each furnace alternately. Each furnace contains the 
same features of design as described and is complete in itself. 


Energy Distribution in Basic Practice 


Per Cent 
Steel. repent a rade 45.80 
Вай... ah ч 8.50 
Electrodes... 10.60 
Gases. . я 3.20 
Open-door loss 3.70 
Cooling water. Ч 4.80 
"Roof surface loss. 5 14.20 
Side surface loss. . $ 5.20 
Bottom surface loss 4.00 


The Greene furnace may ђе classified as а three-electrode three-phase 
direct-series-are furnace, similar to the Heroult save for special mechanical 
and eleetrieal features designed for specifie installations and locations. The 
Greene furnace shell is of heavy reinforeed-stcel construction mounted to 
roll over on the horizontal axis of the rolling cylinder shell in order to pour the 
motal. 

The Fiat furnace isessentially an Italian modification of the Heroult design. 
"The hearth is hemispherical, mounted on two circular shoes of cast steel, 
Electrodes are graphite, arranged at the points of a triangle and provided 
with special economizers. The hearth је slightly conductive and in practice 
is connected on the secondary side and grounded. When phase loads are 
balanced, very little current flows to ground. 

‘The Stobie furnace is fed by a single, two-, or three-phase current, which- 
ever is available. For capacities larger than 6 tons, the furnace is of the four- 
electrode type supplied by a two-phase Scott transformer, the phases being 
independent of each other. For more than 25 tons, a design having six 
electrodes and three-phase current, each phase with its own return, is used. 
The feature of the furnace is the electrode economizers attached to the 
furnace electrode gear. The power factor ranges from 0.85 to 0.93. 

The Girod furnace resembles the Heroult as far as the major constructional 
parts are concerned. Current entera through an electrode or electrodes pass- 
ing through the roof, forming an are between the bottom of the electrode and 
the slag, passing through the steel bath, and finally leaving by a number of 
soft-stecl electrodes set-in the hearth, which in turn are connected with a 
copper conductor plate under the base of the furnace. When more than one 
electrode is used, the ares are in parallel. In operation the steel electrodes 
melt down somewhat, and when tapping takes place this molten part runs 
out but is replaced by the next charge. The furnaces use one or more elec- 
trodes, being single phase in smaller sizes and three phase in larger ones. 

The Keller hearth-electrode furnace is characterized by its composite 
hearth made of a number of iron rods ог a grid of iron bars fastened to a metal 
base plate from which the bars project vertically upward. The space between 
the bars is filled with a mixture of burned magnesite and tar rammed in place. 
The hearth is water jacketed and connected to the source of current. Under 
furnace-operating conditions the refractory in the spaces between the hearth 
bare becomes conductive and carries some of the current. 
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The Chaplet furnace is а special modification of the hearth-clectrode type 
which avoids water cooling by the use of a hearth channel which leaves the 
hearth sideways and connects with a block or blocks of iron in subsidiary 
chambers at the side of the furnace. ‘Transformer connections are made to 
these vertical blocks. The steel in the channel of the hearth electrode par- 
tially melts during operation. 

"The Snyder furnace uses a hearth clentrode in order that high-voltage 
currents may be employed as far as possible. Commercial refractories at 
high temperatures become good conductors and thus limit the voltage values 
possible because of power loss by current leaks through the refractory. In 
the original type of Snyder furnace the shell was of steel with a thick refrac- 
tory lining. It tilted for pouring. А single small electrode entered through 
the roof. From this the current passed in a long are to the slag and left by a 
single water-cooled steel conductor set in the hearth, connecting with the 
metal bath in the furnace. The special feature of this furnace is’ the 
hinged roof which permits charging through the top rather than through 
the door. 

"The Greaves-Etchells furnace consists of a rectangular steel shell with a 
low-domed, silien-briek-lined roof. Тһе walls are of chrome brick and the 
hearth a dolomite-magnesite mixture tamped in place with a pitch or tar 
binder on to а copper plate in the bottom of the shell. Three-phase currents 
are used, two phases being connected to vertical electrodes entering through 
the roof and the third phase to ground, to which the hearth is also connected. 

When the hearth is hot, its resistance is less than that of the arcs. Special 
transformer connections are supplied to permit of operation of the furnace in 
a number of different ways. Power can be put through the top electrodes 
only and the furnace employed аз a direct-series-are type. By proper switch- 
ing, power can be introduced through the top electrodes and caused to pass 
to the hearth, as in the Girod furnace, with the exception that in the Greaves- 
Etehelis furnace the hearth is of the buried type instead of being f 

The Electrometals furnace has been developed chiefly in Great Britain, 
In the United States it is known as the Grónwall-Dixon furnace. lt uses a 
three-phase, high-voltage current from Scott transformers so that two phases 
are employed on the furnace. ‘There are two roof electrodes and а buried 
hearth electrode which acts as а neutral return. The loads on the roof elec- 
trodes are balanced, and very little power goes through the hearth which has 
а negligible resistance. The silica-brick-lined roof of the furnace is detach- 
able. The hearth electrode is formed of steel conductors embedded їп the 
lowest part, contact with the dolomite hearth being made by a graphite-rich 
bonding material, 

In the Stassano furnaces the electrodes enter the furnace shell through 
the side, there being two electrodes for single-phase furnaces and three or 
six for three-phase units. The usual type of Stassano furnace is circular in 
plan, rotating slowly about an axis inclined from the vertical. The roof is 
domed and lined with magnesite brick, while the melting chamber is lined with 
dolomite, the brick being insulated from the steel furnace shell, The elec- 
trodes are of small diameter and symmetrically arranged around the furnace, 
three-phase transformer connections being delta. 

‘The Bassanese furnace is а modification of the Stassano, having its eleo- 
trodes mounted on mechanisms which make possible the use of direct as well 
as indirect action of the arc on the bath. The electrodes are inclined to a 
variable angle so that the arc may be made free burning or directly projected 
on the metal. 
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In the Angelini modification of the Stassano, the electrodes are arranged 
во that arcs may be formed between movable electrodes above the motal 
surface as well as between each electrode and the metal. This arrangement 
permits the use of single-phase currents at higher voltages than those employed 
in other designs. 

The Rennerfelt furnace is of the indirect-are type but differs from the 
Stassano in that it employs two-phase current obtained from a three-phase 
supply by a Scott transformer as well as using three electrodes, two entering 
through the side of the furnace and one through the roof. The roof electrode 
operates ns. common or neutral return. Ares are sprung between the eleo- 
trodes above the surface of the furnace charge, but the unit may be operated 
with ares in contact with the charge for short periods, to increase the activity. 
and fluidity of slags. - In the operation of the furnace the ares burn regardless 
of whether the furnace is charged ог not, so that the hearth may be sintered 
by electric heat and kept hot for any length of time. 

The Tagliaferri furnace combines the indirect-are heating of the Stassano 
with the directseries-aro principle of the Heroult. Two- or three-phase, low- 
voltage current, generally the latter, is used: The three-phase unit has throe 
roof electrodes and during the refining period operates as a direct-serios-arc 
furnace. Three auxiliary electrodes enter through the side of the furnace, 
During the melting period, arcs are sprung between the roof and corresponding 
side electrodes, 

In the Booth-Hall furnace there are one, two, or three roof electrodes for 
single-, twos, or three-phase circuits, as well ав hearth electrodes composed 
of conductors buried in the hearth. With single- and two-phase power the 
current passes through the hearth electrodes during the refining period, while 
with three-phase supply the hearth acts as a neutral point. There is an 
individual hearth electrode for each roof electrode but located on the opposite 
side of the furnace instead of being directly underneath the bottom of the 
roof electrode... An auxiliary roof electrode is provided, counected with the 
return to the transformer in parallel with the hearth electrode. 

The Nathusius furnace. combines the principles of the direct-series. arc, 
the buried-hearth type, and the resistance iden. As in the Greaves-Etchells, 
the furnace charge is heated from above by ares and from below by currents 
through the hearth electrodes. In the Nathusius furnace the latter type of 
heating can be indepehdently regulated through star-transformer connections 
to the hearth electrodes independent of those through the roof. The hearth 
ав well ns the whole of the charge may be included in the circuit as an ohmic 
instead of an inductive resistance. ‘Three-phase currents are used, the trans- 
former secondaries being star connected to the roof electrodes, and their 
separate returns to, the corresponding ones in the hearth. The metal bath 
in the furnace thus becomes the neutral point of the transformer, А feature 
of the furnace is its great flexibility. 

Induction Furnaces for Iron and Steel. In the United States the use 
of the induction furnace for ferrous metallurgy has been very limited, finding 
almost no application; but in the form of the Ajax-Wyatt and Ajax-North- 
rup induction: furnaces, it has been extensively employed in nonferrous metal 
melting. Iu recent years the Ajax-Northrup high-frequency furnace has 
found greater application in steel and ferrous alloy manufacture, particularly, 
on à smali scale and for special materials. 

An induction furnace may be described as a step-down transformer in 
which the metal under treatment is the short-circuited secondary coil or coils. 
The induction furnace is subject to the magnetic and electrical losses duo to 
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hysteresis in the iron core in the same manner as transformers; but on account. 
of the design of the furnace, these losses are usually greater than those in 
transformers, with resulting lower power factor. In the induction. steel 
furnace there is only one turn in the secondary winding, consisting of the 
steel to be refined in a ring-shaped channel through the center of which the 
primary вой and the соге pass. 

Of the large number of arrangements of primary and secondary which have 
been proposed, only two are used. 

The Kjellin furnace is shown diagrammatically in Fig. 37. The соге is 
built up of laminated sheets of soft iron and, like.an ordinary transformer core, 
forms а closed circuit. The primary is made of insulated copper wire and 
‘air cooled, ог in other designs made of water-cooled copper tube. The second- 
ary is the ring-shaped refractory-lined channel for the steel, insuluted by 
brickwork. ‘The entire furnace is enclosed in a steel shell. Charging and 
tapping doors are provided in both the fixed and the tilting types. Some 


h of the једва induction fur 


of the molten material must always be left in the fürnace so that currents ean 
pass on recharging, Furnaces have been built up to 814-ton capacity, operat- 
ing on low frequencies of the order of five cycles. Operating data for a 2-ton 
furnace show a consumption of about 170 kw. at 3,000 volt: mary 
and 30,000 amp. in the secondary. Power consumptions are of the order of 
750 to 850 kw.-hr. per ton of steel with cold charges of pig iron or pig iron 
and serap. 

‘The Róchling-Rodenhauser furnace uses а combination induction-and- 
resistance principle. The unit consists of a soft-iron core with two primary 
windings, while the secondary has the shape of an 8, the middle part of whi 
is a comparatively broad hearth to allow working of the bath and handl 
of the slags. Auxiliary secondary windings consisting of a few turns of strip 
copper are provided to heat the central hearth. These are separated from 
the primaries by a small air gap and connected with hearth electrodes or polo 
plates at opposite sides of the central hearth, through which currents may 
pass from the pole plates. These pole plates are made of corrugated cast 
steel embedded in the furnace wall behind a layer of refractory which at 
furnace-operating temperatures becomes conducting. 

ingle-phase furnaces have been built up to a rated capacity of 814 tons, 
consuming 700 to 750 kw. with a primary voltage of 4,000 to 5,000. Three-ton 
furnaces show power factors of 0.7 to 0.8 at a frequency of 25 cycles. With 
molten charges, about 120 to 160 kw.-hr. per ton of steel is consumed when 
Bessemer steel is refined to open-hearth quality, while for reduction of the 
sulphur and phosphorus to 0.01 per cent, 200 to 300 kw.-hr. are required. Оп 
cold scrap, the power consumption is of the order of 900 kw.-hr. per ton. 

Ferroalloys. In the development of the steel industry the production 
of alloy steels brought forth а demand for alloying agents in a form readily 
usable, as well as refining materials. Theso are the substances in general 
termed the ferroalloys, including ferrosilicon, ferromanganese, ferrochromium, 
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ferromolybdenum, ferrotungsten, ferrovanadium, and silicomanganese. A 
large part of these are made in the electric furnace, generally of the are type- 

Ferrosilicon is made either in the blast furnace, in which case the per- 
centage Si seldom exceeds 15 per cent, or in 
the electric furnace, whore higher percentage 
Si alloys can be made. The raw materials [Electrodes 
are silica, earbon, and iron, the process being 
essentially а carbon-reduction one taking 
place at high temperatures. All ferro foe 
furnaces are of the mixed arc-resistance 
type. 

Ferromanganese containing up to about 20 per cent Mn is made in the 
blast furnace almost exclusively, but there has been considerable electric- 
furnace manufacture of higher percentage Mn alloys. The furnaces used 
are low враћа working with open tops, in some cases having a hearth electrode 
but more usually with a neutral electrode in three-phase furnaces. 

Ferrochromium, largely employed for chromium steels, armor plate, 
tiles, cutting tools, as well ns stainless steels, is made entirely in the 
‘rie furnace from chromite, carbon, and slag-forming materials, In the 


то, 38,—Ferrosilicon furnac 


ele 

case of the low-carbon-content ferrochromium, silic y be the reducing 
agent, The reduction of carbon content of high-carbon ferrochromium is 
accomplished in furnaces of the same type as used for steel refining, in which 


the material is remelted by the use of fluxes such ns lime and fluorspar, with 
the addition of chromite. 

Ferrotungsten is produced by electric-furnace smelting of a tungsten 
mineral [wolframite (FeMnWO 2, ferberite (FeWO.), ог scheelite (CaWO 9], 
а carbonaceous fuel, and slagging materials, with the addition of iron ore or 
ветар iton if the iron content of the original tungsten mineral be insufficient. 

Ferrovanadium is prepared from vanadium ores which are smelted with 
iron and fluxes, with reducing agents such as silicon 90 per cent or ferrosilicon, 
50 per cent Si, or соке, 

Ferrosilicon-titanium was produced in considerable quantities ns а by- 
product of the electric-furnace refining of bauxite, in which the iron, silicon, 
and titanium content of the bauxite is reduced by carbon to form the ferro- 
alloy. This settles to the bottom of the furnace and is tapped out, while 
the alumina of the bauxite becomes the slag which is drawn ой as a purified 
alumina, granulated, and worked up for use in the manufacture of aluminum, 
Ferrosilicon-titanium finds use as a steel deoxidizer. 

In general, furnaces for ferromolybdenum and ferrotungsten are small, 
of 200- to 750-kw. capacity, and are single phase. Ferromolybdenum meets 
competition from calcium molybdate, Ferrochromium and ferrovanadium 
furnaces are 2,000 to 5,000 kw., usually three phase, and like-all the other 
ferroalloy furnaces, are of the are-resistance type. The ferrosilicon, ferro- 
manganese, and silicomanganese furnaces are larger, being 3,500 to 12,000 
kw. three phase, Electrode current densities are 30 to 60 amp. per sq. in, 
cross section. Power consumptions are of the order of 1.2 to З kw.-hr. per 
Ib. ferroalloy, being highest for ferromolybdenum. 

Electric Furnaces for Nonferrous Metals. For nonferrous melting, 
three furnaces are of industrial importance in the United States and find wide 
application, The first to be considered is the Detroit rocking furnace in which 
it is estimated that about 85 per cent of the foundry output of the United 
States is melted and 20 to 25 per cent of the rolling-mill tonnage of brass and 
Cu-Zn alloys, 1618 estimated that 75 to 80 per cent of the rolling-mill pro- 
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duction of brass in the United States is melted in Ajaz-Wyatt induction fur- 
naces which also find some application in foundries. ‘The:third furnace is tho 
Ajaz-Northrup high-frequency induction unit. 

The Detroit rocking furnace consists of a steel cylinder mounted hori- 
zontally on cog gearings whereby it can be ed by means оба small motor. 
‘The steel cylinder is lined with insulating brick which are in turn covered by 
refractories. The charging door is on the upper side of the drum, the spout 
for pouring being located directly below it. "Graphite electrodes are intro- 
duced horizon- 
tally through Charging abor 
centers at the Zi 
ends of thedram. 
They can be ad- 
justed for length 
of aro and power 
input, usually by 
hand. Single- Molar 
phase а.с. is em- у 
ployed. Hent- 
ing of the metal 
is not by direct Fic, 39.— Detroit rocking furnace. 
contact with the 
ire but by reflected or radiated heat. During charging, the electrodes can be 
withdrawn until their ends are flush with the refractory lining of the furnace 
to avoid breakage. During operation, as soon as superficial melting of the 
obarge is started, rocking of the furnace is caused to take place. The furnace 
has the advantages of rapid melting, a totally enclosed body so that volatiliza- 
tion losses, particularly of ino, are eut down, as well as control of the furnace 
atmosphere which, due to the presence of the electrodes, is ordinarily reducing 
Inasmuch as each charge сал be 
completely poured from the fur- “Shell 
nace, it shows great flexibility consueti, 
when different alloys have to be 
melted. The furnace has bee 
applied to nonferrous alloys, 
particularly brass and bronze, 
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of metal 
B-furnace 


and to a smaller extent to grey ее: 
iron, special iron-alloy work, and 
the duplesing of eupola-melted Sys 


iron. Оп brass it shows a pow 
er consumption of 250 to 300 kw. 
hr. per ton; 540 kw.-hr. per ton on 
melting cast-iron borings; 600 
Kw.-br. per ton on synthetic grey iron, and 100 kw.-hr, per ton on duplexing 
oupola iron. 

The Ajax- Wyatt induction furnace is illustrated in Fig. 40. In operation, 
a single-phase alternating current of 220, 440, or 550 volts is fed to the 
primary coil A in the center of the furnace, which in turn energizes the 
furnace transformer B. This in turn induces a voltage in the V-shaped 
ehaunel C which is always filled with molten metal or alloy and acts as a 
secondary of the furnace transformer. A current of relatively high value 
Нов in this V-shaped channel and, owing to the resistance of the molten 
inetal, the channel is heated at a constant rate. At the same time the 


Fic. 40,—Ajax-Wyatt induction furnace, 
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magnetic fields about this channel set up electromagnetic forces which eject 
the hot metal out of the channel, so that it is in turn replaced by colder metal 
from the main bath above the melting channel. ‘The circulation follows the 
path shown in the figure. Thus with а furnace stationary throughout the 
melting cycle, the metal bath is thoroughly mixed by an internal automatic 
stirring action, while the electric energy is converted to heat directly within 


the metal. The furnace has the disadvantage that it must always be ра 
filled in order to operate and cannot stop with cold 


charges. It cannot, ‘therefore, be used with | 
‘Transformer 


charges of a varying nature without some trouble, 


chanical design, great steadiness in working, small 
metal loss, small wear and tear on the lining, and in 
continuous operation a low energy consumption 
‘This is of the order of 250 to 270 kw.-hr. per ton of 
red brass (85 per cent Cu, 5 per cent Pb, 5 per cent 
Zn, 5 per cent Sn); 200 kw.-hr. per ton of yellow 
brass (75 per cent Cu, 2 per cent Sn, З per cent Pb, 
0 per cent Zn) for plumbing fixtures 
per ton on nickel-silicon; 285 kw.-hr. per ton of 4 to 
5 per cent tin bronzes, 310 kw.-hr. per ton of 
copper, and 90 kw.-hr. per ton of zin 

In the high-frequency Ajax-Northrup induction 
furnace, the material to be heated is not in the 
shape of а ring as in the ordinary induction furnace 
but is held in a crucible placed in the field of a high- 
frequeney coil. The heating is produced by eddy 
Currents generated in the material to be melted. If pio д Ajax-Northrup 
this is a nonconductor, a conducting crucible isused. i freuen 

h high-frequency induction 
Since the eddy currents increase as the square of the furnace (amall sizes). 
frequency, the reason for the use of high frequency 
is evident, The frequencies are of the order of 10,000 to 12,000 cycles per 
second. 16 has been found most convenient and satisfactory to use the oscil- 
latory discharge of a bank of condensers as a source of high-frequency current, 
‘The desired frequency is obtained by the proper proportioning of the capacity 
und inductances of the oscillatory circuit. Figure 41 shows the circuits of a 
single-phase Ajax-Northrup furnace, The spark gap consists of water- 
cooled copper over mercury in a hydrogen atmosphere, With the two gaps, 
whichever direction current from the secondary of the transformer is 
flowing, positive current must always leave а mercury sur When the 
voltage between the mercury and the graphite reaches a certain minimum 
value, the mercury opens the circuit complete h great suddenness, caus- 
ing very rapid and regular oscillations. The power input is controlled by 
regulation of the spark gaps. The induction coil around the furnace is a 
water-cooled flattened copper tube. The furnaces have been applied for 
nickel-silver where the energy consumption is 0.17 kw.-hr. per Ib.; special 
steels produced at 660 kw.-hr. per short ton; silver and silver alloys, precious 
metals, special alloys, stainless steels, and в variety of other products. 


|< Condensers 


У 


furnace. 


Electric Furnace Products 
Calcium carbide is made in the electric furnace according to the reaction 


СаО + 3С = СаС: + CO — 125,000 eal. 
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ТЬ does not seem probable that temperatures of 2000*C. are exceeded in the 
furnaces. The commercial material is dark colored and crystalline, but if 
pure it is colorless and transparent. The 80 per cent pure product melts in the 
neighborhood of 1800°C. The raw materials are carbon in the form of char- 
coal, low-ash anthracite, low-ash ke (or sometimes petroleum coke), and 
lime. 

"The furnaces in use are very large, being of the vertical-are type. Ingot 
furnaces, in which the lower electrode is a small car which can be removed 
when filled, were formerly used, but hearth-electrode tapping furnaces of 
either the noncontinuous or continuous type are gen Шу found in all 
carbide plants. In general, the furnaces are three electrode three phase. In 
the newest furnaces, single electrodes of sectionul construction are found with 
capacities of 40,000 to 300,000 amp. The furnaces are single ph 
trode consumption is of the order of 2 to 4 per cent, current density on the 
electrodes being 35 to 50 amp. per sq. in., while energy consumptions may be 
from as low as 1.5 to 3 kw.-hr. per lb., with perhaps an average energy effi- 
псу of 60 per cent or better. 

The annual United States production of CaC 
million tons. For specific data on furnaces, capacities, operation, and design, 
see Mantell, “Industrial El rochemistry McGraw-Hill, 1940; and 
Taussig, “ Die Industrie des Kalziumkarbides," Knapp, Halle, 1930. 

Cyanamid. Finely divided CaC; absorbs nitrogen at 1000°C., giving 
cyanamid according to the equation 


Сас, + № 


is of the order of a quarter 


Сас 


"The carbide is heated in furnaces, and nitrogen is passed over the heated 
material. The nitrogen is generally made by fractional distillation of 
liquid air. Starting with a carbide containing 75 to 80 per cent СаС;, 80 to 00 
per cent of the theoretical amount of nitrogen will be absorbed, resulting in a 
product containing about 20 to 22 per cent nitrogen with lime and carbide ая 
impurities. If cyanamid be treated with superheated steam, ammonia is 
evolved according to the equation 


СаСМ, + 3Н:О = CaCO; + 2NHs 
Cyanamid may be converted into eyanides by the fusion of a mixture of sult, 
суапашій, and carbide, und a rapid chilling of the melt, the equation being 
+ С +2NaCl = CaCl + 2NaON 


Silicon carbide (trade names Carborundum, Crystolon, ete.) is made by 
heating a suitable charge of carbon and silica sand in a horizontal resistance 
furnace. The carbon used is either high-grade anthracite or good-quality 
goke such as petroleum coke. The proportions roughly correspond to the 
equation 


SiO: + 30 = SIC + 200 


but a slight excess of coke is commonly used, with the addition of some saw- 
dust and sometimes of salt. The sawdust is added to increase the porosity 
of the charge, while the salt, at the furnace temperatures distills and attacks 
some of the metallic impurities to form volatile chlorides, which are thus 
removed from the reaction zone. Newer practice omits the salt, 

The furnace construction is simple. The two ends or headers are perma- 
nent stout brick walls through which the furnace electrodes pass. The si 
Walls of the furnace are of either brick or other forms such as refractor 


ELECTRIC FURNACE PRODUCTS 2813 


castings to hold the charge in place. ‘The bottom of the furnace is usually 
made of insulating firebrick or gennister. Through the center of the furnace 
а heating core connects the electrodes, the charge surrounding the heating 
core (see Fig. Operating data are given in Table 81. 


Table 31. Products of Resistance Furnaces 


|| 
Factors Graphite Silicon carbide | Fused alumina. 
Raw materials Coke, 98% silica sand | Bauxite, coke, 
scrap iron 
Additions, Sawdust and salt 
Furnac 
Туре. Resistance Vertical aro 
resistance 
Bine. ЛҮ 550 kw. 
Length, ff 30 
Cross section, fj 10x 10 
ross section of chara, ft diam 3 
Walls... Refractory brick or | Refractory brick, cas | Stel water 
concrete blocks ^ | iron or steal supporte | cooled 
Initial voltage. ою | 230 100-110 
Final voltage | ю | 
Initial current, | 2,500. 
Maximum current at 200 volis, ump. 3,700 
Final current, amp | 9,000. 
Current. density across furnace charge, | 
amp, per qj ft... | 9002250 
Core temperature, б. | 
Furnace temperature, “Û | iod 2,000-2200 
Length of run, hr. 24 
% Conversion of mate 90-100 95-100 
Energy consumption, i 15 | 1.0-1,5 
Energy efficiency, € 53% | 


Boron carbide, B.C, is made in a resistance furnace from B:O; and coke 
(Ridgway, Trana. Elec- 
trochem, Soc., 68, 117 а S ууу 


(1934)]. LN 
Graphite is made Virsa eee 2 
in a horizontal resist- SSANI 
ance furnace similar in Core” А 
Аа TO Fro, 42.—Silivon carbide furnace. 


SiC furnace, Graphite is produced either as a powder or as shaped articles 
such ан electrode. i 
low-ash anthracites or petroleum cokes are employed as raw materials, 
One theory of graphite formation is that 
the ash content of the raw material, con- 
taining iron, aluminum, and other oxides, 
funetions as a catalyst for the conversion 
of amorphous carbon into graphite at the 
furnace temperature through the inter- 

mediary formation of carbides, which Г Transformer 
dissociate to give graphite. In the prep- 

aration of graphite articles the materials 
are formed and baked into an amorphous-earbon article, after which they are 
graphitized in the electric furnace, The ash content of graphite is very low, in 
that at the furnace temperature most of the metallic oxides are volatilized. А 
ketch of a typical furnace is given, as well as operating data, ‘The ready 


Еш. 43.—Graphite furnace, 
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machinability of graphite is well known, as well as its resistance to most 
forms of chemical attack. It is the standard anodic material for electrolysis 
of NaCl to produce chlorine and caustic. 

Fused alumina is made in the electric furnace.. The product is extensively 
used as an abrasive, particularly in grinding wheels, and as a refractory. 
The raw material is a red bauxite containing a few per cent of oxides other 
than alumina (iron and silicon) which give tougher products than those made 
from purer bauxite. The material is first calcined to remove water, and the 
fusion done in vertical are furnaces with в bottom electrode. "The ore is fed 
into the furnace, melted in the are between the top and bottom electrodes 
until the furnace is filled, after which the entire shell of the furnace is removed, 
the block of fused material allowed to cool, taken away from the furnace 
bottom, and broken up into commercial products, Operating data are 
given in Table 31. 

Silicon is made in three-phase arc furnaces with bottom electrodes by the 
reduction of silica with coke, a 95 per cent silicon being produced. It may 
also be made from cheap SiC and silica sand. The energy efficiency of the 
furnace is given at about 50 to 55 per cent. The material is used for high- 
grade silicon steels and as a reducing agent for the production of low-carbon 
ferrovanadium and ferrochromium, as well as silicon-aluminum and silicon- 
copper alloys 

Fused silica (vitreosil, eto.) is made from silica sand by passing n current 
through carbon rods or plates embedded in the material. When sufficiont 
sand has been fused, the carbon resistor is withdrawn. By utilizing the hole 
left in the interior of the melt, the latter is blown and molded to the desired 
form. The crude articles thus obtained are trimmed and polished by the 
use of the oxyhydrogen flame, sandblast, and abrasives. 

Fused Quartz, In recent years clear fused quartz has been made under 
pressure in electric furnaces. Тће clean natural crystals of small sizo are 
packed as densely as possible in a graphite or carbon crucible, so that in the 
inevitable cracking of the crystals as the temperature is raised the parts 
cannot separate and permit gas which may be present in small quantities to 
enter the crevices and form bubbles. In a modified vacuum furnace, the 
quartz is heated to melting (about 1800°C.) as quickly as possible, usually in 
45 min. or less, while the pressure is kept as low as possible. The resultant 
transparent slugs, containing a few small bubbles, are placed in another 
graphite crucible suspended in a vertical carbon-tube furnace, with a graphite 
piston closely fitting the crucible and weighted. The slugs nre heated to 
fusion, the bubbles mostly collapsed by the weight which also extrudes the 
quartz through the bottom of the crucible in rods, tubes, and other dosired 
forms. When large blocks are to be made, a vacuum furnace is used which 
is capable of withstanding very high pressure. As soon as the quartz is 
fused, the vacuum valve is closed and the pressure raised. ‘Thus are produced, 
very large blocks of quartz more free from bubbles than many kinds of the 
best optical glass. 

Carbon bisulphide is made by one company in an are resistance furnace 
from charcoal and sulphur. Coke cannot be used. ‘The process and furnace 
design аге to be credited to Taylor (rana. Am. Electrochem. Soċ., vols. 1 and 
2). The CS; distills out of the furnace and is condensed in external con- 
densers, Data are given in Table 32. 

Phosphorus is clectrothermally produced from phosphate rock and 
reducing materials such as carbon, with sand as а slag-forming product, in 
аго furnaces, The phosphorus distills out of the furnace and is collected. 
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Phosphoric acid is also produced in а somewhat similar manner, but as the 
phosphorus distills from the furnace it is allowed to oxidize to form phosphoric 
acid. Data are given in Table 32. 


Table 32. Distillation Products of Electric Furnaces 


Factors || Phosphorus са 
Raw material, Bone ash or phosphate | Charcoal sulfar 
rock, coal, aud NO: 
Furnace: 
Туре. Are, carbon lining, ver- | Resistance, two phase, 
tea electrode е abet fd 
Capacity, kw. " nt, 240-330 
Current, amp. 4,000-6,000 
Voltage. i = 60 
Temperaiire, "C: EXE) 


| 
Production per 24 hi. Ib... | 14,000 
Energy consumption, Евг. граф... EX 0.4-0.5 
% thermal efficiency... 30-45 
% P renovered, . Я | 80-80 


Zinc is produced by electrothermal processes whereby zinc ore is reduced 

to metal, volatilized out of the furnace, and condensed. 
Gaseous Electrothermics 

Nitrogen Fixation. In the United States there has been very little 
application of the fixation of nitrogen from the air in electric furnaces either 
of the are or of the spark type. Atmospheric air is a mixture of 80 per cent 
by volume of nitrogen and 20 per cent of oxygen. The simplest fixation 
process would be one that would combine these, converting them into nitrogen 
oxides which in turn could be made into HNOs and nitrates. This can be 
done by the processes of Bradley and Lovejoy, Birkeland and Буде, Bchoen- 
herr, and Pauling. All of these employ electric discharges through air to 
produce a very high temperature. Тһе spark ог arc is merely в heating 
means to reach the high temperature necessary for the combination of the 
nitrogen and oxygen. The mixture of air and oxides of nitrogen thus pro- 
duced is treated with water or with an alkaline solution to give HNO, or 
nitrates, or a mixture of nitrates and nitrites. 

The higher the temperature the more rapidly does the conversion of nitro- 
gen and oxygen into nitrogen oxides take place. But the decomposition 
reaction pro the same order. It is therefore necessary to have a very 
high temperature for efficient reaction, with a quick removal of the reaction 
products from the temperature zone so that they may be cooled down as 
rapidly as possible to prevent decomposition. 

In the Bradley-Lovejoy process, now no longer in operation, a wheel 
carrying а set of electrodes was rotated so that the electrodes passed opposite 
and by а stationary set of electrodes so as to make and break continuous 
sparks, at the rate of about 6,900 sparks per second, in the space through 
which the air was passed, The units were limited in size and the desire to 
have larger ones led to the construc are furnaces. 

In the Birkeland-Eyde process, employed in Norway where cheap power 
is available, the arc is deviated magnetically by means of a single-phase 
magnet field until the are breaks, then a new аге is formed and the cyclic 
process continued. The high-voltage flame or are is formed between two 
water-cooled copper electrodes by the use of a 50-сусје current at 500 volts. 
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In ordinary operation of the furnace, а flame is formed at each reversal of 
the current every 0.02 вес. The furnace consists of a narrow iron chamber 
lined) with firebrick. Air enters through the walls and leaves the furnace at 
a temperature of 1000°C., containing 1 рег cent NO. The gases pass through 
the steam boiler in which they are cooled to 200°C., then through а cooling 
apparatus where the temperature is reduced to 50°C., and then into an acid- 
proof, brick-lined oxidation chamber where the reaction NO + 140: = NO: 
is completed. The NO: is then absorbed in water to form HNO; which 
is concentrated. The net yield is stated to be 62.5 д. pure HNO» per 
kilowatt-hour. 

The Schoenherr furnace has as its characteristic feature the use of a very 
long a.0. are around which the aîr moves in a helical path, The process was 
used successfully for a time by the Badische Со. in Germany and has been oper- 
ated оп a commercial scale in Norway. In the latter plant the are was д m, 
long in а 447-kw. furnace and 7 m. long in a 746-kw. furnace, Itis estimated 
that 3 per cent of the power is used in the formation of the NO, 40 per cent 
is recovered in the form oí hot water, 17 per cent is lost by radiation, 30 per 
cont is used in the steam boiler in which the gases are cooled, and 10 per cent is 
removed by water cooling after the gases have passed through the steam boiler. 

"The Pauling process uses a fan-shaped are or an electric discharge quite 
similar to that obtained in a horn lightning arrester. The are is lighted where 
the electrodes are nearest together and is blown upward by the hot air rising 
between the electrodes, The are is broken every half period of the ac. In 
а 400-kw. furnace, the are length is about 1 m. at 4,000 volts. The NO con- 
centration is about 1.5 рег cent and the yield 60 g. HNO» per kilowatt-hour. 
Тһе process is in use in Tyrol and in France where very cheap power is 
lable, 

Ozone may be formed in various ways, but its commercial production 
has been only by the electrostatic method. It is probable that ionization 
of air takes place with consequent dissociation of the oxygen, which 
bines to form ozone. Within working limits in commercial ozone gene 
the production is roughly proportional to the electrostatic intensity, and with 
a.c. to the frequency. Ozone generators have been made in various forms, 
but in general two or more discharging surfaces are placed in juxtaposition 
во as to form a condenser with an air gap which may or may not be furnished 
with a dielectric clement. Most successful ozone generators have smooth 
s and dielectrics and assume either the cylindrical ог the plate form, 


av: 


electrod 
They are operated on voltages 
from 50 to 500 cycles. An ву s 
although much higher yields have been claimed. Concentrations of 1 te 
per eu, m. sir (although in some special cases the figure may reach 5 g.) are 
produced commercially. It is essential to refrigerate the air to dry it 

The tubular oxonisers are more compact and operate at lower voltages 
than the plate forms. 

Electrostatic Precipitation. For descriptive matter, operation, and 
theory, reference should be made to Section 15, pp. 1807-1878. 


Materials of Construction for Electrochemical Processes 
Materials of construction for electrochemical apparatus may in general be 
subdivided into three classes: (1) those employed in electrolytic cells in whic 
aqueous electrolytes are used, (2) those finding application in fused electro- 
lyte work, and (3) those in electrothermie operations. These may be further 
subdivided as in Table 33. 
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In fused salt electrolysis, the containers are almost universally steel, either 
bare or lined with carbon. When the containers are unlined, ап effective 
lining is usually formed by a fused layer of the electrolyte or the material 
being melted. Such is the case in fused alumina furnaces where the furnace 
consists of a steel shell which is protected by a layer of the alumina adjacent 
to the steel. In electric-furnace work the container of the furnace is always 
sheet steel or cast iron refractory lined, the type of refractory used depending 
upon the furnace operations. The refractory may be acid, in which case it ia 
silica in the form of silica brick or ground material mixed with a binder and 
tamped into place; or basic, when it is either magnesite, dolomite, or in some. 
cases chromite. In addition various other refractories may be used, auch 
as those of the clay type or the aluminous refractories and in special. oases 


Table 35, Standard Amorphous-carbon Electrode Data (National 
Carbon Co., Inc.) 


ELECTROCHEMISTRY ; 


Weight per 60 in. | General limits current- | c. 
Diam., n. Arai | пала threaded, | carrying capacity, = 
> Amp. . 
Round Electrodes 

6 28 92 1,200- 1,700 40-60 
8 50 158 2,000- 3,000 40-60 
10 79 250 3,000- 4.800 40-80 
12 из 360 4,500- 6,800 40-60 
14 154 510 5,400- 8,500. 35-55 
16 201 590 7,000-11,000 35-55 
17 27 BO 7,900-12,500 35-55 
20 зи on 11000-17300, 35-55 
24 452 1437 15,000-25,000 35-55 
6 36 15 1,500- 2,200 40-60 
8 64 24 2,500- 3,800 40-60 
10 100 333 4.000- 6,000 40-60 
12 ч 500 5,500- 8,500 40-60 
14 196 647 6,800-10,800. 35-55 
16 256 864 9,000-14,000 35-55 
20 0 1320 14000-20000 3555 


silicon carbide materials. For preventing large heat losses, insulating refrac« 
tories may Ње used, but they are never exposed to the furnace bath, They 
may be fire clay, diatomaceous earth, kieselguhr, magnesia, or asbestos com- 
positions, as well as other special products. In some unusual cases where 
other materials fail as the result of high temperatures, the temperatures 
exceeding the point where the refractory gives satisfactory load service or else 
the melting point of the refractory being exceeded and reducing conditions 
maintained in the furnace, carbon refractories find application. They are 
used in the form of preshaped blocks or they may be rammed in place. For 
the base of resistance furnaces, particularly of the graphite, silicon carbide, 
and electrode baking furnaces, ground brick grog ог gannister is employed. 
For the side walls and heads of such furnaces, high-quality clay refractory 
brick serves. For insulating materials in such furnaces the usual substances 
cannot be employed, in that they would contaminate the charge of the fur- 
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mace. Insulation is therefore obtained by the use of relatively thick layers 
of finely ground calcined carbonaceous materials such as those made from 


petroleum coke or low-ash anthracite. 
Table 36. Amorphous Carbon— Weights of Unthreaded and 
Threaded Electrodes (National Carbon Co., Inc.) 
Size, in. Unthrended | Threaded 

4 ха. 30 

5н X 48. 6 

$ XON 100 

6 ха 80 п 
5 x |- 95 92 
7 ха 105 E] 
7 560. 133 126 
в X4 | Be 1 
в X0. 165 158 
10 X28 492 

0 X48. || 22 209 
10 X6. || 28 250 
в xa. | 22 270 
и xu | 500 

в xe. | m 360 
ШЕ 55 w3 
и x 542 510 
в X72 622 E] 
и xn 62 610 
16 560. 647 590 
16 X72. 78! 724 
16 X16 1152 

16 516 1210 

16 X16 1584 

п Xoo 743 686 
17 Хе 787 730 
7 X72 871 84 
17 5972 molded... 949 892 
в X72... 1027 970 
2 xn | Юз 1130 
2 %72 1285 1192 
2 20 | ue 

2 ха | me 

ю хм 1403 1310 
m хм 1515 1422 
2 X2 | 1980 

20 хе | 168 1545 
2 X20 П] 2200 

2 Xx D 2540 

2 KI. EE 8 2940 
24 X72 extruded ..... 1760 1630 
24 72 molded E 1800 1760 
24 ХМенмеГ 72017) 2130 2000 
24 XM molded 2226 20% 
24 X ПО extrodol. 7: 2750 2620 


Carbon electrodes for use in electric furnaces are made from either calcined 
petroleum coke or low-ash anthracite coal, or mixtures of these. Materials 
before molding into the electrade are carefully ground and screened and a 
composite aggregate made of such screen sizes as to give mechanically strong 
electrodes. ` The aggregate is mixed with a binder, molded under relatively 
high pressures, baked, and machined for continuous feeding of the electrodes. 

Furnace manufacturers have eliminated electrode designs which necessitate 
shutdowns for electrode changes. Continuous feed of electrode has become 
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standard practice. 
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The manner of joining electrodes has been reduced to 


fitted together as male and female joints. 
ends of the electrode to be drilled and tapped; a small threaded pin serves as 
the connecting medium. 


two methods. The first method employs electrodes turned down and 
Table 37. Amorphous Carbon—Standard Connecting-pin Data 
(National Carbon Co. Tne.) 
Sine of pin (pitch | -Dism of | Max diam- | уш уду | а 5 
diam. by length electrode. top of Max. length | weight, lb. “зм 
of thrend), lm | ‘used for, in, | (һы. | veal | “шш > | таце 
ж. [ie мєн :3 | ox 
X6 7 "ДЕДА 
Ха x P 50 
x10 ю | "o 
xu 12 mo 
хи 4 во | Cr 
xv 16 51 0 |Спиезвде 
814 X17 17 51 0 — | Crateasde 
xu 18 5 0 — |Crateand 
x2 2 | 85 0 Crate ns de 
1074 x 24 24 120 0 — |Cratensdesi 
2 XA 4" || 180 0 — |Cratensdesired 
Table 38, Graphite Electrodes (Acheson Graphite Corp.) 
T 
pem Fr 
i, diam, In. | weight per | Sizo rectangular, fo weight per 
piece, Ib. piove, | 
Cylindrieal | 
yexu | 002 xu xu 2.0 
x 008 хаха | КО 
и х2 5 | X6 ха 150 
и ха 15 х2 Х12 4:05 
XM 2 X зах юн 3n 
и xa 2 | X5 X18 xn 
К X24 4 | xa xu 6.75 
AE у х2 хли 220 
я XM 02 | x4 ха 2.50 
"ха гю | X 6 ха 11:30 
т ха 20 | х2 xu 8:35 
M X24 14 | x3 X3 7.88 
“ха 135 х5 X30 11:50 
и ха 2:60 | х+ Яз 14:50 
Бате 
2х2х3 750 (4 x 19,00 
252536 8.90 x6 Xm 20:00 
44X13 | xo | хт x3 | X 
4х4 ХИ | 7 вљ x7 Хю 32.48 
4% 4% 40 xo | X 6 X30 33:25 
6X6 % 40 » | РЕН 31:4 
6X 6x4 102.00 X8 x4 34:00 
BX ÊX 48 179:00 хо X45 75.20 
хи ха 92:00 
‘Tubular 
2M 00. X Hie LD. X 24 46| AX 10x 48 112.00 
threaded at one end, and drilled and tapped at the other end. These can be 


"The second method calls for both 


Standard Graphite Electric Furnace Electrodes (Acheson Graphite Corp.) 


Table 39. 
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Present-day dowel pins are turned out of stock just large enough to ensure 
good threads. Electrodes are now drilled and threaded in special self-conter- 
ing lathes. Mechanical details on the dowel pins 
such as an end boss, champering the first thread, 29 
and reduction of thread tolerances have done away 
with electrode overhangs. Joint trouble has been 
reduced to a minimum, 

Desire for a continuous feed of electrode as it is Š 
consumed has brought the development of the 
Söderberg electrode. In this method, electrode ^ pi 44. ficiency of 
paste (the " green” mix) istamped into a shell which synchronous converters and 
is в vertical continuation of the electrode holder. motor-generator seta, 

As the electrode is consumed, the tamped mixture ^ Converter eficieny in- 
passes through zones of increasing temperature up cludes losses of transformer 
to a heating ring where baking takes place. The and induction regulator or 
electrode is continuous in that the form is kept booster and 03 per eent 
filled up with electrode paste. It is jointless, Were intrare lend lore, 
baked, and renewed right in the furnace. ET ix beast да TOU Sie: 

Average practice allows a current density on cent power factor for motors. 
the electrodes of 20 to 40 amp. per sq. іп. cross All losses are caleulated or 
section. asured in accordance with 

Furnace electrodes made of Acheson graphite the A.LE.E. rules The 
are employed when very high currents аге resulting efficiencios are close 
necessary, and a balancing of all factors shows '9 Me actual efficiencies, 
that graphite electrodes, although costing more per unit, would allow moro 
economical operation. 


Power for Electrochemical Processes 


epresents the annual 
Direct-current power can 


It is estimated that over 200,000 kw. capaci 
purchase of d.c. machines for electrolytic servic 
be obtained in several ways: 


1. Purchased а.в, converted to d.e. by: 
a. Synchronous converters. 
b. Motor-generator sets. 
с, Rectifiers. 
2. Generated powers 
а, Alternating-current generation and conver- 
sion as for purchased power. 
b. Direct-current generation 
(1) Geared steam turbine: 
(2) Steam engines. 
@) Diesel engines. 


© 70000 4000 6000 
The bulk of d.c. power is obtained from Kw. Rating 
synchronous converters or motor-generator ^ Рю. 45.—Speed of synchronous 
sets, while a few geared steam turbines are in converters and motorgonerator 
operation, Recently the mercury-are recti- sets. (Westinghouse Electric and 


fier has found wide application. Manufacturing Co.) 

At voltages above 600, the mereury-are rectifier with no moving parts is 
favored over rotary converters or motor-generator sets for continuous 
electrochemical loads (for construction, etc., see Sec. 24). 

The Cu-CuO or oxide type of rectifier has found application in low-voltage 
(6 to 15) practice such as electroplating, cleaning, etc. 
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of booster-type converters and motor generators for various ratings, 
ynehronous converters and motor-i tor вета, (Westinghouse 
and Manufacturing Co.) 
The converter priees include converter, transformer, and induction regulator or 
synchronous booster for a voltage range of plus and minus 5 to 10 percent, The con- 
verters аге rated at 40°С, rise and the transformers at ¢. Prices of the motor- 
generator sets inelude the complete set but not t ier pri These machines 
are rated at, 40°С. rise, with motors for 100 per cent power factor, three-phase, 60-oyoles 
operation 


250 
2.0 Т ГА 20 


100 


Power Costin Cents per Pound 


2 


ese 


|| 


4 OF @ 03 04 05 06 0708 03 10 
01 02 05 04 05 06 07 08 09 10 
Cents per Км-Не Cents per Kw.-Hrz 
Fic, 47,—Power costs per pound of metal 48.— Power costa per ind of. 
at varying power rates, product from eleetrie furnaces and 
fused electrolytes at varying power 
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Table 41. Energy Consumption of Electrochemical Producta 


(Mantell) 


Produet 


Alumina, fused. 

Aluminum. ... 

Cadmium. 

Саш, 

Caleiurn carbide.. 

Carbon bisulfide. 

‘sustic, diaphragm cella 

Caustio, mercury cells 

Chlorine, diaphragm cell 

Chlorine, mercury cells. 

Copper, electrorefining 
Multiple system. 
Series system. 

Copper, eleotrowiniog. 

Ferrochromium, 70%. 

Ferromanganese, 8057. 

Ferromolybdenum, 50% 

Ferrosilicon, 50%. 

Ferrotungsten, 70%, 

Ferrovanadium 


Magnesium, chloride proces 
Magnesium, oxido process 
Nickel. . 


Silver, Thum. 
Sodium, 

Steel, cold charge. 
eel, hot charge 


|. Voltage per 
tank, cell, 
or furnace 


1 s-h o 100. =10 
mou 0 | 35-7 
08 1 25 
zo 0 
13-14 | 0 | 
04-03 | 2 | 60 
116-18! 0 34- 42 
145 0 $1- 43 
13 -16 | 0 $4- 42 
16 0 EIERE 
0:09 – 016 | 6 0:18- 04 
0.074. 5 16 = 18 
Tra: | о 19-24 
2, 53 0 я -120 
15-3 0 90 -ns 
3= 4| 0. 50-150 
2. -35 | 0 75 150 
15-7 0. | 80 m 
1703.5 | 0: | 10 -250 
0.45 | 6 13-16 
13-20 | 0 ю -200 
18 -20 | 0 4 — 44 
| 0:04 = 005 | 2 0.35- 0.6 
8 в 0.08- 0.125 | 6 - 9 
и 225 004-007 | 9 -16 
DU | 09 24- 25 
4 -55 | 018-025 
2. -3 | 03-05 | 90 -120 
3.2 -385| 02603 | 75 -20 
031 32 27 
041 24 $ - 35 
21-73 | 0B-014 
0235-04 | 25-4 5 5 
005-02 | 5 -% 
0.085 ЏЕЈ 03- 03 
14 – 1,6 | 06707 | 35-37 


Tin 
Zinc. 
Table 42. 
New York Harbor («team 
Norway. 
Sweden, 
Switzerland 
French Alps. 
England 
Scotland 
Germany (brown coal) 
Niagara Falle 
Massena, №. Y. 


Alabama (steam) 
‘Tennessee (steam) 
fornia (steam) 
Ontario, Can 
Shawinigan, Que., Can 
Arvid, Que., Can 


Typical Power Costs 


Cta. per Kw.-hr. 
97-1.8 
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Requirements of the electrolytic circuits are usually pretty definitely Í 
known. Asa гше a voltage range of 10 per cent plus and minus will be ample 
to meet all operating requirements. This range is easily obtained on the 
ordinary self-excited generator. 

A comparison of a.c. generation followed by conversion to direct current, 
and d.c. generation, shows that the latter has the advantages of lower first 
cost, slightly lower fuel cost, lower labor cost, with a possibility of lower 
maintenance cost, but the disadvantage of lack of flexibility when inter- 
connected with other power systems, or in the conversion of the plant to 
other than electrolytic use, or when major changes are made in electrolytic 
circuits. 

In general, synchronous converters show higher efficiencies than do motor- 
generator seis. This relation is shown in Fig. 44. Speeds of the different 
types of machines are given in Fig. 45 and prices in Fig. 46. In general, 
synchronous converters cost more than do motor-generator sets, For further 
details, reference should be made to See, 24, р. 2719. 

Blectrie-furnace products and electric steel are made by the use of п.с. 
power, The furnaces involve the use ordinarily of multitap transformers 
with regulators, controls, and other incidentals. In general, the electr 
circuits show very high amperage values at moderate voltages. For steel 
furnaces transformers are usually special, while for other purposes, other than 
large sizes, they ordinarily involve no unusual features of design. 

Power cost is an important factor in all electrolytic or electrothermal 
products. Figure 47 shows the power cost in cents per pound of metal at 
varying power costs in cents per kilowatt-hour for the electrolytic and hydro- 
metallurgical industries, while Fig. 48 gives similar data for the electric 
furnace products and the fused electrolytes. The curves are plotted from 
the power consumptions for these products given in Table 41. 

Some typical power costs at various localities are given in Table 42, Unless 
otherwise stated the generation of power is in hydroelectric plants. 
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ECONOMIC FACTORS IN CHEMICAL PLANT 
LOCATION 


The plant engineer is often confronted with the problem of the location of 
branch plants or the relocation of existing units at more economie points of 
manufacture. It becomes necessary, therefore, that he know something of 
the factors governing plant location. In the discussion which follows, these 
factors, und the means of evaluating them, will be outlined. 

The literature on the subject is meager. Weber (“Theory of the Location 
of Industry,” trans. by Friedrich, University of Chicago Press), treating the 
subject purely from an academic standpoint, considers the three genera 
factors: raw-material sources, in which he includes fuels and power; labor; 
and markets. Raw materials, including fuel, are evaluated according to 
price plus freight rates to points under consideration; labor according to 
comparative wage scales; and consuming markets according to magnitude 
plus freight rates. 

By processes of triangulation and mathematical equilibriums, the logical 
point of production is theoretically computed. Weber's treatise has received 
а good deal of attention among economists. He has made по practical 
application of the theory and it is doubtful whether such application would 
be of value. Nevertheless, Weber's book probably is the classic among 
academig works on plant location, and therefore is worth reading. 

Before discussing the factors of plant location, let us classify industries 
into (1) basic, (2) intermediate, and (3) tributas Many writers have 
brought forth classifications of industries. No claim of originality is made 
for this one, 

1. Basic Industries. Those industries are basic whose raw materials 
are for the most part unprocessed and whose products in the main are raw 
materials for other industries. Most basic industries, to succeed, must 
locate near cheap fuel or cheap power. Major raw materials must be obt 
able advantageously as to quality and price, or at least on a competitive | 
with the same industries in other localities. 

2. Intermediate Industries in Various Stages. Those industries are 
intermediate whose major raw materials have already been processed and 
which are dependent to a degree upon procuring these processed materials 
from local producers, or at least in a competitive market from outs 
An intermediate industry, to succeed, must have favorable con 
local producers or purchase in a highly competitive market and be able to sell 
to advantage in at least a portion of the national market. 

3. Tributary Industries. Those industries аге tributary whose raw 
materials may be either primary or secondary, but whose sources are not 
advantageous as compared with outside competition. А tributary industry, 

to succeed, should have an advantageous market locally due to freight 
differentials, 

By way of illustration, the Missouri iron industry began about 1840, 
utilizing the ore bodies st Iron Mountain. It was a basic industry and 
flourished until the failure of the then known ore bodies, and until cheaper pig 
iron from competitive points entered the 86. Louis market. In the meantime, 
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intermediate industries in iron and steel fabrication were built up in the 
district. These intermediate industries continued to flourish even after the 
failure of their basic industry, owing to the highly competitive nature of 
the pig-iron market in the district. After the war, pig iron began again to be 
manufactured due to the Roberts process for coking Illinois coal. But pig- 
iron manufacture in the St. Louis distriet at this time should not be classed aa 
a basic industry but as a tributary industry in that its sources of raw material 
are not advantageous as compared with outside competition. It succeeds 
because it has an advantageous market locally due to favorable freight rates, 
and а limited favorable outside area due to freight differentials. The situa- 
tion is now again changing and the industry is becoming basic for the St. 
Louis district for two reasons; (1) the rediscovery of ore bodies in the Iron 
Mountain region, and (2) the establishment of advantageous barge service for 
Minnesota iron ore from St. Paul to St. Louis via the Mississippi River. 

Again ithe district is lacking in salt deposits, but salt is sold on а highly 
competitive basis from Kansas, Michigan, Ohio, and Louisiana, ‘To establish 
a basic industry in caustic and soda ash manufacture would be hardly feusible, 
but to establish it as а tributary industry is entirely feasible; in fact it has been 
done successfully. 

Complementary Industries. In addition to the foregoing broad indus- 
trial classification, there are the complementary industries. An industry 
complements another when it serves that industry as a source of raw material, 
in the form of semifinished products. Examples of these are the coke indus- 
try which serves the pig-iron industry, and the sulfuric acid manufacture 
which serves the fertilizer industry. 

Economic Factors of Plant Location. The economie factors of 
chemigal-plant location be grouped immediately into those concerned 
with efficient production, and those concerned with economic distribution. 

‘The chief factors of production are five: 


heir quality, reserve, proximity to 


1, Raw Materials or Semifinished Products: 
plant; sources of competitive material, 
Labor: Supply and cost in kind, nationality, quantity, diversity, intelligence, wake 
scales, efficiency. 
Power: Hydroelectric, public service, alternate sources 

4. Fuel: Kinds, thermal efficiency, reserve, alternate sources. 

5. Water: Sources, mineral analysis, bacterial content, turbidity, 
temperatures, costa. 


quantity, seasonal 


‘The chief factors of distribution are: 


1. Transportation Facilities: Railroads, steamship lines, barge lines, terminals, 
wharves, 

2. Freight Rates: Competitive points, differentials, favorable territory. 

3, Markets: Local area, favorable area, competitive area, national area, 

4, Competitive, Feeder, and Consumer Industries. 


‘The factors that affect both production and distribution may be listed aa: 


jeasonal range, precipitation, humidity, wind, ete, 
‘Taxes and Corporation Fees. 
Municipal Restrictions: Nuisance laws relating to fumes, waste disposal. 


Raw Material, Contrary to common belief, local sources of raw material 
тізу not be the chief attraction of a given locality. То this statement there 
are certain apparent exceptions, but usually some other factor of plant loca- 
tion is also в modifying factor, 
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In general, raw-material sources may be local, favorable or competitive 
and are favorable to a given plant location because of quality, quantity, 
reserve, and proximity. They become less valuable when similar conditions 
exist for sources of the same material in locations that are likely to become 
competitive points. 

Raw materials are the most cheaply transported commodities and usually 
сап be shipped much longer distances than finished products, because, in 
principle, American freight tariffs are based on bulk value, or, in other words, 
“what the traffic will bear." But this does not tell the whole story. Thus 
sulfur (low freight rate), to manufacture sulfuric acid, is transported long 
distances while sulfuric acid (higher freight rate) must be sold in а limited 
area for the added reason that 32 tons sulfur will make about 100 tons sulfuric 
acid. On the other hand, 115 tons salt are needed to produce 1 ton caustic 
soda, while the freight rates on salt and caustic are approximately the sume. 

Labor. The supply and cost of labor involve such items as kind, nation- 
ality, quantity, diversity, intelligence, existing wage scales, and officiency. 
In general, wages are lower in the country than in large cities. At prosent, 
wages are lower in the Southern states than in the North Atlantic and Missis- 
sippi Valley states. On the other hand, in quantity, diversity, intelligence, 
and efficiency, the labor in the cities will be found better than in the country. 
Labor of certain nationalities is more dependable, intelligent, and efficient 
than that of others. 

In the chemical industry, labor, its supply and cost, hardly ever is в major 
factor of plant location, and with modern equipment and labor-saving devices 
it is doubtful whether it should be a major reason for the location of any 
industry. In the chemical industry,’ proportionally few common: laborers 
are employed. Often the pay roll for research and technical men exceeds 
that for common Iabor. ‘The pay for research and technical services is high, 
but this type of service can be obtained from any common source and its 
consideration should have no controlling effect on plant location, 

Fuel. The third factor in plant location is fuel, its kind, thermal efficiency, 
reserve, eto. The kinds of fuel are coal, coke, oil, and gas. Certain of these 
ure more flexible than others. When they are in competition with each 
other, lower prices with higher thermal efficiency are the usual result, 

The tendency in chemical manufacture is to the use of the more flexible 
fuels, gas and oil, Often the advantage of precise thermal control offered by 
these overbalances the extra cost over coal. As with electric power, alternate 
sources of fuel are criteria in the selection of plant sites. 

Power. Power may usually be classed as hydroelectric or stenm-generated 
power. The plant site with cheap hydroelectric power has an appeuling 
talking point for industrial development, but the fact is, there is little very 
cheap hydroelectric power, i« in locations otherwise attractive. Stoam- 
power plants nre fast equaling or bettering all but the most exceptional 
hydroelectric performance, and Diesel engine installations, when fuel oil sells 
at less than 314 cts. per gal, are furnishing power at lesa than 6 mills per 
kw.-hr. 

For large users of power, alternate sources aro too often neglected, It is 
all very well to tie up to a single source of hydroelectric power in tho hope 
that for the life of the industry no failures may occur or no rise in rates 
prevail. There is, nevertheless, an historie background which cannot be 
overlooked. First, that hydroelectrio power rates have been slowly increas- 
ing; second, that the costs of new installations are becoming more and more 
prohibitive. With this should be coupled the fact that the cost of pow- 
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dered-conl generated power has been steadily decreasing in the past two 
decades. We fid, however, that chemical industries, such as those that 
manufacture alkalies, carborundum, graphite, abrasives, or electrolytic metals, 
tend to centralize at sources of cheap hydroelectric power. Very few hydro- 
electric developments in the industrial world compare with Niagara Falls, 
which is therefore not to be regarded as a typical case. 

Water, Water is an important factor in determining plant location. 
"То more than nine-tenths of chemical industries water for evaporation and 
water for cooling purposes are very essential, River waters are измађу lower 
in mineral analysis but higher in bacterial content and turbidity than well 
waters. Well waters are usually high in carbonate and bicarbonate. In 
many localities well waters are high in sulfate and often chalybestic in charac- 
ter. They are ideal waters for cooling purposes as they usually come from 
the ground at a uniform and low temperature both winter and summer. 
Alternate sources are often important; a purified river water for boiler and 
steam purposes; and a well water for cooling. 

We have discussed thus far the five principal factors concerned with efficienti 
production, For specific cases, these five factors may be narrowed down to 
two or three. For the electrochemical plant the cost and dependability of 
power may be the paramount factor in determining plant location, If any 
fuel is used, it will probably be of minor consideration. Labor should be of 
minor importance. Hydroelectric stations usually also mean a good source 
of water. "The major factors, therefore, narrow down to two; the cost of 
power and the cost and sources of raw material for such an installation. 

In the location of a cement plant, suitable shales and limestone, coupled 
with cheap fuel, are perhaps the major factors, With comparative sources 
of shale and limestone, the decision between the two points of manufacture 
may narrow down to the types of fuel available; thus, natural gas at a low 
price, or fuel oil, can be used to better advantage in the cement kiln than 
powdered conl, and the availability of one or the other may be the deciding 
factor in the location of such a plant. 

Having located our plant in respect to the five factors of production, our 
next task is to determine its efficiency from the standpoint of distribution. 
Successful merchandising does not end until the product is in the hands of the 
ultimate consumer. 

Importance of Transportation Facilities, Such transportation 
facilities us railroads, steamship lines, barge lines, terminals, and wharves nro 
the ways through which production flows to the consuming public. Where а. 
city has more than one railroad, or better still, railroads and barge or steam- 
ship lines, the freight competition occasioned by these several transportation 
facilities makes for lower freight rates, higher efficiency, and better service, 

‘The territory in which favorable freight rates apply, as compared to other 
competitive points, is an important consideration in plant location, The 
larger the population reached in this territory, the more important such а 
district becomes as an industrial center- 

Markets ure defined as local, favorable, competitive, and national. The 
local aren ia the population served by reason of plant location. The favorable 
area is that which an industry can serve by reason of lower cost production 
and freight rates. The competitive area is where the industry must, compete 
оп equal, or nearly equal, terms with like industries in other localities. In 
the national area the industry must be able to overcome freight-rate differen- 
tials completely as limiting sales factors, 
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Three factors, climate, taxes and corporation fees, and municipal restric- 
tions, affect both production and distribution. The season temperature 
range, precipitation, humidity, wind, ete., which go to make the climate of s 
certain district, are factors that often enter directly into manufacture. 
Taxes and corporation fees are factors that increase or decrease overhead. 
High tax rates and high corporation fees often put industries out of certain 
states. Municipal restrictions are important factors in proper plant location. 
Many times industries find to their sorrow, after the expenditure of millions 
of dollars, that production is handicapped by the fact that certain municipal 
restrictions have not been considered. These restrictions may prohibit the 
use of certain materials or make necessary an expensive outlay to take care of 
certain obnoxious waste products, as for example stack fumes and effluents 
into streams. 

Industrial Backgrounds. There still remain three important factors of 
plant location: competitive, feeder, and consumer industries. Рог location 
in a proposed district it is important, on the one hand, to know what competi- 
tion the industry will bave in its own territory. 16 is equally important to 
know the feeder and consumer industries at hand, the first to supply the 
needed raw materials and the second to supply an outlet for its finished 
product. 

In an analysis of industries we find that the order of importance of these 
factors enumerated is often changed, so that in one case one factor may 
predominate; in another, another. 1635 to be noted, however, that fuel, 
power, und raw materials are being transported longer distances to planta 
satisfactorily loeated-for distribution; that distribution, favorable freight 
rates, magnitude of markets, and labor conditions are important factors in 
the location of all industries; that, basic industries, generally speaking, seek 
cheap fuel or power; that intermediate industries seek favorable location to 
sources of semifinished products; and that the factors of competitive, feeder, 
and consumer industries are often the most important factors in plant 
location. 

Chemical Industries. [n applying these several factors to the location 
of chemical industry, we find, as has been stated before, thut the factora of 
competitive, feeder, and consumer industries bulk large among the others, 
The reason for this is that the products of chemical industries usually take 
much higher freight rates than the raw materials used in their manufacture. 

For intermediate chemical industries, for the same reason, it is almost 
imperative to locate near local sources of semifinished produets. It would 
seem, therefore, that for basic chemical industries, and also for those-int 
mediate industries for which chemicals are major raw materials, the most 
logical plant location would be at a point of exceptional distribution facilities, 
d.e., where the local market is large and the favorable and competitive markets 
show а goodly number of feeder and consumer industries, with not too many 
competitors doing business in the same territory, 

In basic chemical industries, the tendency із to ship raw materials farther 
and finished products less far. In intermediate industries, the tendency is to 
group around basic manufacture, when such basic manufacture is strategi- 
cally located for distribution. 


PRACTICAL AIDS FOR THE ENGINEER IN PLANT-LOCATION 
PROBLEMS 


While each problem is а specific one there are, nevertheless, certain general, 
directions that сап be applied to every instance. 
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Charts and Diagrams. ` Valuable charts and diagrams can be prepared 
using an outline of the United States as a base map. They serve to visualize 
raw-material sources, location of competitive industries, competitive freieht- 
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rate points, consumer territories, etc. A number of suggested bases for 
charts are herewith outlined, 

Raw-material Surveys. Surveys of raw-material resources are well 
charted and, when combined with the location of the principal plants utilising 
tnis raw material, not only furnish a picture of the industries as а whole, ita 
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aources of raw material, and what sources of raw material are not being 
utilized, but often bring to light districts or sections of the country represent- 
ing large consuming and buying power which are not adequately served by 
local planta. 

Virgin Consumer Territory. These districts are called virgin consumer 
territories and may or may not be logical territories for competitive industries 
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or branch plants, depending upon whether they answer favorably to the 
major factors of plant location. 

When Consumer Territory Is Governing Factor. 16 has been said 
that in sulfuric acid manufacture it is necessary to establish only one fact, 
ie.: Can а given consumer territory use 50 tons or more of sulfuric acid per 
day (this being the minimum practical unit)? If sulfur from Texas is 
considered as the only source of raw material, this statement is undoubtedly 
true; but there are other sources of sulfur dioxide, such as zine works, pyrite, 
and other sulfides. Examples are the Atlantic ports using foreign pyrite, 
plants in and around St. Louis using sulfur dioxide from zinc refineries, und 
locations near the copper or zine refineries of Montana, Colorado, Utah, 
‘Tennessee, and New Jersey. 

Labor Surveys, The country is replete with labor surveys all more or less 
worthless. Labor conditions are continuously changing. The entry of 
а single large industry into a certain district may change the labor situation 
entirely. Comparative labor surveys should be made on the unit-of-produc- 
tion basis and not on the daily wage scale, Inquiry into the labor conditions 
of а certain area should include such items as labor supply; housing; nation- 
ality with special reference to the percentage of foreign born, the percentage 
of illiteracy, and negro population; sex; type, i:e., whether the foreign born 
sre predominantly from northern Europe or from the Mediterranean coun- 
tries; and labor turnover. 

Ag an example, а survey of the unit cost of production under identical 
labor conditions in branch plants manufacturing the same article was mado în 
some of the Mississippi Valley states, The following are some of the figures 
obtained: 


ltem | Omaha | Kansas City | Bt. Louis | Indianapolis | Memphis | Chicago 
1 31,87 1л 1% $2.05 $1,62 
2 385.20 607.40 i 64.20 
H 161 148 i : 1:25 
4 2113 22:85 5:8 22:85 
5 0.515 
6 4 15.23 19,39 


Freight Divider Lines. Ву plotting freight rates for а given raw material 
from points of origin to competing plants and, on the other hand, freight rates 
on finished products to competitive areas, we ein determine lines where these 
rates are equal, or nearly equal, from the points of origin. These are called 
freight divider lines. In these lines lie the competitive points at which freight 
rates are equal. In shipments beyond these lines the industry has to absorb 
certain freight differentials, also on these freight divider lines will be found 
logical locations for branch plants, provided other factors of plant location, 
especially those of production, are found favorable. On these lines, or near 
them, it is well to search for exceptional advantages, for power or fuel, for 
local sources of raw material, for favorable labor conditions, for fayorable 
water conditions, and for such special conditions as barge lines or shipping 
competition, low taxes and corporation fees. It is also well to consider the 
climate and the general attitude of the community toward industry, which 
includes such items as nuisance laws, police and fire protection, labor and 
compensation laws, union and open-shop conditions, etc. 
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Ocean, Lake, and River Transportation. The importance ої ocean, 
lake, and river transportation is often not realized. For example, 56,000,000 
tons of iron ore alone are transported by ship through the Great Lakes to 
Chicago, Cleveland, Detroit, and Pittsburgh. On a 100-mile stretch of the 
Monongahela and Allegheny rivers more than 33,000,000 tons of barge freight 
serve the iron and steel industry of the Pittsburgh district, Millions of 
tons of freight find their way by barge between St. Louis and New Orleans. 


SUMMARY 
It has been pointed out 


"That industries migrate to strategie points where the economie factors 
that govern plant location indicate the convergence of minimum cost of 
production with minimum cost of distribution 

"That this migration proceeds in spite of overdevelopment in other localities. 

"That it becomes necessary for the efficient plant manager to determine 
these strategic points by systematic survey in order to establish branch plants 
before competition shail have entered the field. 


"Twelve factors governing plant location have been described. The five 
concerned with production are sources of raw material; fuel; power; water; 
and labor. The four factors of distribution are transportation facilities; 
freight rates; markets; and consumer, feeder, and competitive industries. 
‘Those affecting. both production and distribution are climate; taxes and 
corporation fees; and state and municipal restrictions. 

For our purpose we have classified industries into basio, intermediate, and 
tributary. Other classifications have been mentioned and defined 

An outline survey has been presented for the benefit of the plant engineer 
who is called upon до locate а branch plant or relocate an existing one. It 
embodies such suggéstions as the charting of raw-material sources, of com- 
petitive, feeder, and consumer industries, of freight divider lines, and of 
virgin consumer territory; surveys that include labor cost, alternate source 
of fuel and power, water resources, climate, ete.; an investigation of the modifi 
cation of freight territories by the utilization of ocean, lake, and river tr 
portation; a rigid examination of the tax situation, corporation fees, state, 
county, and municipal restrictions; and, finally, such minor factors as police 
and fire protection, labor and compensation laws, unionized and open-shop 
districts, housing, amusement, and transportation for laborers, and all such 
minor details that if not taken care of are constant sources of petty irritation, 
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‘Rerenences: From the many books published on accounting and cost finding, the 
following have been selected аз most fully meeting the requirements of the chemical 
engineer: "Accountants! Handbook,” Ronald Press, New York, 1923; covering the 
entire feld of accounting and cost finding from the viewpoint of the professional 
accountant. “Accountants” Encyclopedia,” McGraw-Hill, New York, 1028; в four- 
yolume reference work.on systems. principles, auditing, and budgeting. Prochaska, 
" Accounting aud Cost Finding for the Chemical Industries," McGraw-Hill, New York, 
1928; giving details as to installing accounting and cost aystems, Charlton, “ American 
Mine Accounting,” McGraw-Hill, New York, 1913; especially useful in finding forma to 
gover particular phases of cost and accounting work. Gilman, "Analyzing Financial 
Statements,” Ronald Press, New York, 1925; an excellent book on analysis of financial 
statements. Esquerre, " Applied Theory of Accounts,” Ronald Press, New York, 1921; 
в very popular book on general accounting theory. Kilduff, " Auditing and Accounting 
Handbook," McGraw-Hill, New York, 1927; a good reference manual, "Management 
Handbook,” Ronald Press, New York, 1924; а reference book for various management 
probleme, (production control, ete,’ Hine, "Modern Organization,” Engineering 

Magazine Co., 1916; an excellent short di т of theory and practi 


of management; 
Young, “Statistics Applied in Business," Ronald Press, New York, 1926; general 
statistical methods. 
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Bookkeeping and Cost Work, То insure aecuraoy, cost calculations 
must be checked against general books. If the same accounts are used for 
both purposes, the costs can be journalized and can be made an integral 
part of the general-accounting system. The cost calculations are then 
checked automatically when the books are closed. 

Debits and Credits. Every business transaction has two phases, 
when goods are bought, money is exchanged for raw material. This gives 
rise to the debits and credits of bookkeeping. Some of the more important 
items are given in Table 1, from which data others can be worked out by 
analogy, Ву custom, the debits are placed on the left-hand side and the credita 
on the right-hand side of a page. 


Table 1. Debits and Credits of Bookkeeping 


"Truassetlon |- 


| Debit 


Raw material bought on eredit..... m terial j | “бобы Payable 

ў counts Receivable | Balos 
рерин Cast af Goods Sold | Finished Block 
Purchase invoice paid. . 


'ayable _ | Cash 
Customer pays for goods. 


К Accounts Reoefvable 
‘Raw material used in manufactures | Work In Process Raw Material 
Goods finished in factory, .... | Finished Stock Work in Process 


Journals, The two phases, debit and credit, are noted in a journal 
and from these original entries postings are made to а ledger account, In 
modern bookkeeping, only unusual events are recorded in this way. The 
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ordinary transactions are originally entered in a specially ruled journal, each 
column representing an account, and only column totals are posted to the 
ledger accounts. To facilitate this procedure, separate books are used for 
different kinds of transactions. The more important sections are given in 
Table 2. 


Table 2. Bookkeeping Journals 


Name of Section Original Record of 
General Journal....... Unusual transaction 
Purchase Invoice Book Expenditures for which credit is extended 


:: Goods sold on credit 
Wage payments 

1 Money received and disbursed 
Credits given or received 


Bales Book 
'ay-roll Book 
Cash Book. .... 
Credit. Book 


Ledgers. In the original scheme of bookkeeping all sccounts were 
handled in the ledger. Today the main or general-ledger records essentially 
totals, whose details are to be found in one of the journals or in a subsidiary 
ledger such as the customers’ ledger, the purchase ledger, and the various 
cost ledge: 

Controlling Accounts. The work in the subsidiary ledgers is always 
controlled in the general ledger by an account, which independently sum- 
marizes the details and shows them to be in balance with the rest of the work. 
Such accounts are called controlling accounts. 

Reserve Accounts. The true nature of reserve accounts is rarely under- 
stood. A portion of the earnings is set aside to provide for such things as: 


1, Depreciation. 4. Acorued taxes. 
2. Obsolescence. 5. Sinking funds. 
8. Bad debts. Contingencies (patent litigation, eto.), 


Although money has been set aside on the books for the above-mentioned 
purposes, the money itself is kept with all the other money in one general 
fund which is used to run the business. Such money may become per- 
manently tied up in a fixed investment. A reserve account, therefore, 
merely shows that a profit or other value bas been reduced on the books—that 
the money has been set aside in a special bank account is not to be inferred. 
Reserve accounts appear ss credit items on the books. In financial state- 
ments, the above-mentioned Items 1 to 3 are frequently set up as a deduction 
from the corresponding asset accounts. 

Mixed Accounts. When dissimilar debit and credit entries, such as 
interest paid and interest received, are carried in one account, the account is 
said to be mixed. An expense account is said to be mixed when it carries an 
inventory balance, e.g., unexpired insurance in an insurance account. Mixed 
accounts should be avoided because they are confusing. 

Classification of Accounts. For practical bookkeeping purposes there 
are four kinds of accounts, which normally exist вз follows: 


Debits Credits 
1. Expense 2. Income 
3. Asset 4. Liability 


Selecting Ledger Accounts. The thoroughness with which information 
is obtained in accounting, or in cost work, depends largely on the care with 
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which the general-ledger accounts have been selected. When an accounting 
classification is attempted many of the groups will be found disproportionate 
іп size. Arbitrary decisions are often necessary to make в more effective 
grouping. These decisions must be indexed, as must also obscure items which 
are dealt with only occasionally. Such an index is helpful in charging bills 
to the proper accounts. 

Trial Balances. After all entries for a period have been made, the 
mathematical accuracy of the work can be checked by taking a balance, i. 


Table 3. Bal 
EET as AT DEC 


Comparative BALANCE Вил 


Tnerease 
CURRENT ASSE: 1929 1928 Decrease 
Cash. РА $ 2,209,917.82 $ 1,374,182.53 $ 805,735.00 


Notes and (rade acceptances re 
‘Accounts receivable (less гевегүе)...... 837, 
Inventories at сові. ....- 1,163.8: 


74 40,009.07 
16 954460.82 — 110,737.86 
15 121743 53,010, 60 


$ 4510,3 


BALANCES RECEIVABLE YROM EMPLOYEES 
UNDER STOCK-SUNNCKIPTION 
CONTRACTS. . $ 61518.00 $ — 51,500.00 8 


INVESTMENTS: $ 1174850.78 $ 017,010.41 $ 


PHOPERTY ACCOUNT: 
Land, buildings, and equipment. . 321,887,388.21 $19,007,504.90 $2,819.81 
Leas: Reserve provided for depreciation 

and obsolescence of plant and equip- 

ment and depletion of brine wells... $ 6,599,027.49 $ 6,105,783.59 $ 


83,203.90 


0,580. 41 


DEVELOPMENT EXPENSES FOR NEW 
PRODUCTS AND PROCESSES 


DEFERRED CHARGES. 
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equating the open debits against the open credits. If the work has been 
properly done, the total open debits in the accounts will equal the total open 
credits in the remaining accounts. 

Adjusting Entries. At the end of the year the sum of the 12 monthly 
cost entries, for depreciation, taxes, insurance, ete., must be reconciled with 
the exact amount of the annual charges. Special entries for bad debts and 
other contingencies must also be made before the books сап be closed for an 
annual statement. 


ance Sheet* 
xune 31, 19: 


), ap Песемвик 31, 1928 


LIABILITIES 
Increase. 
1929 1928. Decrease 
сшинюмт лавилттва 
Accounts payable 
Taxes, insurance, ебет, accrued 
Federal бахев........,., 
Dividends payable 


44.78 $ 17,385.54 
409.25 9,768.76 
285,479.89 2,358.11 
263 104,554.00 


$ 134,006.41 


DEFERRED LIABILITIES: 


Containers charged to customers 
(returnable). $ 221,858.84 $ 


пювкнукв: 
Miscellaneous operating reserves $ 124019 


$ 103800 


54$ 30,128.96 


CAPITAL втоск: 
Preferred—nuthorized $3.500,000.00 
Tasued (less amount held in sinking 
fund and treasury) 5 
non—authorized 1,000,000 shares 
Тавпед, .. 637,038 shares 
Allotted to em- 


00 $ 2,475,000.09. 
со 


рїоуеев under sub- 
scription eon- 
tracta. 318 shares 
crip outstanding. 80 shares 
650,436 shares $10,041,454.50 $ 7,131,049.00 $2,010,375.50 
312,516,424.50 $ 9,606,049.00 $2,910,375.50 
BURPLUR: 
аа, $ 6,848,127.78 $ 6,380,005.35 $ 408,122.58. 


Appropriated for retirement of pre- 
ferred stock, . у 67,000.00 617,000.00 50,000.00 


$ 7,515127.73 $ 6,997,005,35 $ 518,122.38. 


{526.40 $17,922,643. 15 $3,610,083 


+ Courtesy of E. M. Allen, President, The Mathieson Alkali Works (Ine). 
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Financial Statements. Two statements are required to explain the 
affairs of a business. The balance sheet shows the values existing зз of a 
particular moment. The profit and loss statement shows what brought 
about the present financial condition. Typical statements are shown in 
Tables 3 and 4. 
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Table4. Profit and Loss Statement* 
Comparative Prorrr AND Loss Account ror тнк Years Espen Ресвмвяк 81, 
1929, лхо Юесмвек 31, 1928 


Increase 


1 1928 Рестване 


EARNINGS: 

After deducting manufacturing, scllin 
and general administrative expense 
Works operations. 2 

Other operations. 


33,463,275. 11,726.97 $ 251,549,04 
117,004.84 — 107,521.00 —— 10,132.88 


Total earnings from operations... $3,580,030.26 $3,319,248.39 $ 261,081.92 
Provision for depreciation, obsolescene: 
and дер!ейїоп................... 1,026 


0.51 908.12 


$ 147,713,80 
87,518 


Net earnings from operations........ $2,554,209.74 
Income credits (ne), .......... 57,004.70 


Totul їпсөшє..................+.-- $2,612,114. 44 $2,376,881 
Federal income бах................. 287,898.00 — 285470. 


NET INCOME FOR иди transferred to sur- 
plus account. . 


32,324,276.44 82,001,401,80 $ 232,874.64 


SURPLUS ACCOUNT 
ЕЯ a $6,380,005. 36 


се surplus at January 1, 19: 
Add: 
Profit for year 1929. . 


$8,704,281.79 


Deduct 
Appropriated for sinking fund for retirement: of pré- 
Terred stock. s.,s... = $ 50,000.00 
Miscellaneous adjustments 0 - 56,040.08 


Dividends paid: 
On preferred stock 
Ор common stock 


1,308,268.00 


‘Three shares of common stock for each share of 
common stock to holders of record April 15, 1920 441,246.00 1,860,154.00 


Free surplus at December 31, 192 


$6,848,127. 73. 


* Courtesy of E. M. Allen, President, The Mathieson Alkali Works (Ine.). 
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Table 5. Disposition and Source of Income* 

‘The following summary shows the disposition of the aggregate amount of the income 
for the year and proceeds from the sale of common stock, яв reflected by the balance 
shoots 
. $2,824,976. 44 

30,640.08 


Net income from profit and loss statement. . 
Surplus adjustments... 
Appropristed from income for depreciation, ‘obsolescence. 
and depletion. 
Dicant depreciation and оса 
mantled und sold... n, «essere eene 


$1,026,720.51 


593,426.61 — 433,203.90 


Proceeds from sale of common stock. .. . 457,111.50. 


$5,158,041,78 


Dispositio: 
Increase in property investment. 
Inerense in investments. ..... 


82,819,883. 31 


Increase in net current assets. k а 
Dividends paid. . 1,308,208. 00. 
Other miscellaneous changes in asseta and liabilities (net). ...... 311,498; 00t 


$5,158,041.78. 


* Courtesy of E. M. Allen, President, The Mathieson Alkali Works (пе), 


‘Italics represent deductions. 
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Purpose and Viewpoint. Financial statements do not reveal all the 
information that is contained in them and consequently they must be analyzed. 
The usual purpose is to develop the trend of a business for a series of state- 
ments and to uncover symptoms of the five common business ailments, 
namely: 


Insufficient Over-inyestment in 
1. Capital 1, Receivables, 
2, Profits. 2. Inventories, 


3. Plant, ete. 


These analytical investigations are made from a number of different view- 
points, such as management, credit extension, investment, etc. The last 
two, being made by outsiders, are usually conducted with meager information 
and, therefore, must be more searching. The method of analysis depends 
largely on the data available and the purpose of the investigation. 

Principles. The analysis of financial statements is a matter of looking for 
exceptions. Every possible avenue of approach should be used to find con- 
ditions which suggest the need for a more extended inyestigation. Favorable 
findings must always be interpreted in a negative sense; ї.е., nothing bad 
has been uncovered. Extreme р is justified because it is the bost 
safeguard against haying а few favorable indications lead to a hasty conclusion. 

Balance-sheet Terms, Usage of financial terms is rather loose. Figure 
1 shows some of the usual balance-sheet terms. The term liquid assets is 
often used to signify current assets. Working capital is the excess of current 
assets over current liabiliti 
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Cash accounts receiv- 
Quick assets able 
Current assets 


Inventories 
Working assets Prepaid charges 
Land l 
Ў Buildings Machinery 
А отс лама Plant ашу 


Deferred cl 
| Franchises 
Patents 
Good У 
Investments 


‘Other assets 


Current liabilities (obli- f Accounts payable 
gations due withing Notes payable 
one year) Accrued liabilities 


Long-term liabilities f Bonds 
(obligations тоге) Mortgages 
{һап 1 year to run) 
Linbilities{ ^ also called “fixed, 
funded, or permanent 
liabiliti 


Ргеїеггей 
Capital stock Í 
Common 


Net worth, owner's 
equity ` | f Approprinted (capital) 
Surplus Undivided profits 

V (сш 


Fio, 1—Balance-sheet terms. 


Balance-sheet Analysis. For an effective analysis a serios of balance 
sheets are required. Considerable information, however, can be obtained 
from a single statement. Before attempting 4 mathematical analysis, tho 


sheet should be scrutinized for such things as 


Solvency—excess of saeta over liabilities. 
Cash on band—if relatively small 

Receivables—if large. 

Inyentoriee—if large. 

Effect of deducting intangibles from surplus. 

Depreciation—arnount taken. 

‘Tampering with assets through the use of appraisals or by marking up investments 
i Improper combinations of balance-sheet items. 


Percentage Method. A broad general survey of a balance sheet is 
obtainable by calculating each item as а per cent of the total. This is equiva- 
lent to finding out whether a man is tall or short, fat or thin. To average a 
number of statements and then find the relative proportions of the items is an 
important preliminary step for the trend method, discussed later. 
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Ratio Method. The analysis of a balance sheet by weighing one item 
in terms of another is adapted to the study of a single statement, and it is an 
additional safeguard to be used with the last statement of а series. The 
purpose of this method is to see whether the statement is properly propor- 
tioned from a financial viewpoint. There аге nine ratios that are commonly 
used, but each one is not applicable to every type of business. Of the nine 
given below, the first four examine the resources used to establish a definite 
sale volume; the last five examine more particularly the credit situation, In 
the absence of knowledge as to the sales volume, estimates of the probable 
volume should be made. 


1. Fixed assets per $100 of net sales. 

2. Inventory per 8100 of net sales. (This should also be worked out as the number of 
days of inventory on hand.) 

8. Working capital per $100 of net sales. 

4. Net worth per $100 of net sales. 

5. Receivables per $100 of net males. (This should also be worked out as the number 
of days credit extended.) 

6. Fixed assets per $100 of net worth. 

7. Liabilities per $100 of net worth. 

8. Current: ratio: Current assets divided by current linbilities, (This should be 2 or 
higher.) 

9. Acid teat: Quick assets di 


ided by current liabilities. (This should be 1 or higher.) 


Trend Method. The rate of increase or decrease of balance-sheet items 
over в period of years shows the direction in which а business is moving. 
"To avoid studying the trend of inconsequential items a percentage analysis 
should be made first. After a proper grouping of items has been provided for, 
one year is taken as a reference basis. The grouped items are all given values 
of 100 and those of other years are reduced to an equivalent basis (by dividing 
the values of any one year by those of the reference year and multiplying the 
result by 100). This is the index-number method. Another way is to plot 
the actual quantities on semilogarithmic paper. The graphio method is 
simpler, but the placing of lines on a chart is somewhat difficult to control. 
After these data have been obtained it is а simple matter to see whether the 
business is moving ahead or falling behind by merely noting the trend of the 
figures, 

Disposition and Source of Income. The true story of the activities 
of a management is best obtained by reviewing for a period of years the origin 
and disposition of all funds. These data are secured by calculating the 
increases and the decreases for all items on two consecutive balance sheets 
(see Table 3). The general balance-sheet equation, assets equal liabilities 
can be rearranged so that the decreases of assets are added to the increases of 
liabilities to деб the source of funds, and this must equal their disposition, tha 
sum of the increases of assets and the decreases of liabilities (see Table 2). 

Profit and Loss Analysis, ‘The profit and loss account ean be analyzed 
in a manner similar to that used for the balance sheet. А profit and loss 
analysis must also take up all debits and credits to the surplus account 
because extraordinary losses and capital profits are frequently charged direct 
to this account. The scope of the work depends on the data available and 
the purpose of the analysis. Some of the factors to be studied are 


1. Earnings ns а per cent of net worth. 
2, Earnings per share as a check on stock-market quotations, 
3. Margin of safety—net income after paying bond interest divided by net income 
before paying bond interest. 
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4. Gross sales and returned goods. 
5. Net sales, 

& Cast of goods sold. 

7. Operaling expenses. 


Standard Ratios. Many people like [0 check statements by measuring 
the values in terms of standard ratios to which they have become accustomed. 
They believe that the inventories should bear а certain relationship to the 
investment in plant, the cash a definite relationship to the investment in 
plant, the cash a definite relationship to the inventories, eto. By these 
methods it is possible to get some general ideas as to the financial position, but 
such appraisals must not be given too much weight within close limits. 1% 
haa been the experience of all investigators that conditions vary widely for 
every business, even when two firms are making the same products. Caution 
is necessary when such ratios are applied to cost estimates. If the machinery 
is of a large heavy type, erection, or maintenance labor will bo в much smaller 
percentage of the total cost than when the units are small. The personal 
equation entera во largely into the management of а business that standard 
ratios cannot be used for other purposes than to make a few general 
approximations. 
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Fixed-property Charges. The carrying costs of fixed investments are 
usually a substantial item, often the largest single element. То understand 
the true nature of these costs, it is necessary to have a carefully devised 
system of fixed-property accounts, 

Fixed-property Classifications. To furnish all the information required 
in business, the fixed-property costs must be available according to five 
separate classifications: 


1. Major divisions for controlling accounts—four groups involved: 

а. Land. 

b. Buildings and struc 

v. Machinery and equipment. 

d, Intangibles, 

2. Construction elements: This is the original form in which fixed-property costs are 
obtained. These values should be arranged to meet the needs of the engineering depart- 
ment for future estimate 

3. Location of values: For fire insurance the value of fixed assets in ench building must 
be known. 

4. Departmental ownership: The plant values for each department are required for 
cost work. 

5. Process values: When more than one process is performed in a department then 
the assets values must be subdivided to meet the cost requirements for each process, 


иген. 


Land. Under the caption land are placed the original acreage cost and all 
subsequent improvements thereto. Such things as pavements, wells, rail- 
road sidings, etc., are logically included here because at a time of liquidation 
they cannot be separated from the land. Idle land should be kept apart from 
occupied land in the books of account, as should items which must be 
depreciated. 

Buildings and Structures. The buildings and structures erected on a 
property are highly individual and present no accounting problem. They are 
usually numbered serially and are referred to by number in all the records. 
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Machinery. This covers the large fixed tools which are used by the 
production and the service departments. Little difficulty is experienced in 
developing an accounting method for these items. 

Equipment. This covers the accessory devices, which are essential to 
the operation of machinery, and other auxiliary effects. Equipment account- 
ing brings many problems. Distinctions between machinery and equipment 
must often be made on an arbitrary basis; usually equipment can advantage- 
ously be considered as an integral part of a machine. 

Classes of Equipment. The more common classes of equipment are as 
follows: 


1, Mechanical power-transmission equipment; 


a. Shafting, hangers, collars, eto, c, Gears, speed-changing devices, 
b. Pulleys. 4. Belting, 
Flebtrieal equipment. 
a. Wiring. o. Starting devices, circuit breakers, ete, 
b. Panels, instruments, 4. Motors, 
е. Telephone lines, signaling devices. 
3. Pumps: 
а. Reciprocal b. Centrifugal. 
4, Piping: 
a. Steam, 4. Vacuum. 0. Gas. 
b. Heating. e, Water, ^. Underground. 
c. Air. f. Refrigeration i. Manufacturing, 


5, Tools, instrumenta, ete, 
a. Thermometers. 

6, Furniture and fixtures. 

7. Miscellaneous effects. 


mall tools, c. Gages, ote. 


Equipment Control. The size of the undertaking determines just how 
far it is feasible to go in setting up separate classes of equipment. The 
problem is one of not getting entangled with too many records and yet having 
enough data to distinguish between the merits of the various types of equip- 
ment, The following two cases illustrate the typical problems of equipment 
control, 


Tllustration 1. Piping maintenance expenses are not required in more detail than a 
class cost, for a particular type of service. Costs for steam and kindred commodi 
must be figured at nn average delivered value, because no particular department must 
be penalized for à more distant location, It is true that such a Jocation costs moro, but 
И such а location did not exist those nearer would cost more because the volume of pro- 
duction would be greatly reduced. The correct theoretical consideration is to figure tho 
average cost of steam, water, etc., delivered at the consuming departments, and thus 
ping equipment need only be controlled by classes. Departmental piping mainte- 
nance should be charged to the processes ог departments involved. 

Illustration 2, Motors should be individually controlled because they are moved from 
one location to another. The usual practice is to remove а motor for repairs and to put 
^ праге unit in its place, later making п spare out of the repaired motor. If а high 
depreciation rate is used, the repair costs can be charged against the Depreciation 
Account by offsetting with a Renewal Account. The exact procedure depends on the 
company accounting policy. 


Fixed-property Codes. Many codes have been suggested for identifying 
supplies, materials, equipment, machinery, ete. Few, if any, ever break 
through their own intricacy sufficiently to be of great value to anybody 
beyond the few specialists who are in daily contact with them. For this 
reason, fixed property should be marked in a simple way, Using the machine. 
names supplemented by a serial number to differentiate those of like kind ia a 


2852 ACCOUNTING AND COST FINDING 


good scheme. Nothing particularly complicated should be devised as it 
confuses the factory workers, and the code is not used enough to result in the 
economies achieved by a mnemonie classification of parts for machinery 
manufacture. 

Intangibles, Patents, formulas, inventions, research work, good will, 
etc, are the usual intangibles. Essential data on these items should be 
reduced to writing and preserved in the company files. Writing out usually 
helps to clarify the concept. 

Amortization. The extinguishment of a debt through the medium of a 
sinking fund is spoken of ss amortization, The wiping out of a lease held 
through periodic expense charges is also spoken of as amortization. The 
word is often used as a synonym for depreciation. 

Obsolescence. Improvements in machinery, resulting in lower operating 
costs, make existing machinery less valuable. Тһе loss is known ав obsoles- 
cence. The value may be completely or partially wiped out through such 
improvements. Generous provision for obsolescence should be made in all 
chemical manufacturing costs. An exact value for it cannot be determined 
because such а figure depends on future conditions which cannot be precisely 
appraised. 

Depreciation. The continued use of machinery wears it out. The loss 
of value caused in this way is known as depreciation. Idle machinery also 
depreciates. 

Depreciation Methods. Many depreciation methods have been рго- 
posed, but only three of them are of value in the manufacturing industries. 


1, Straight-line depreciation in which a fixed percentage of thi 
year in a reserve fund. 

2, Diminishing balances in which а fixed percentage of the depreciated first сове is aet 
up each year in в reserve fund. 

3. Useful life method (used mainly for dies and tools) in which the number of possible 
operations is estimated and the credits to в depreciation reserve are made in propor- 
tion to the productive operations. 


first coat is set up each 


In order not to mix the accounts, the charge for depreciation is made to 
the manufacturing operations and the corresponding amount is credited to a 
reserve account which is usually stated as an offset to the first cost. The 
original book value thus always appears intact on the books (seo Reserve 
Accounts). 

Depreciation Rates. A compilation of rates for various assets is to be 
found in Kilduff, ‘Auditing and Accounting Handbook,” McGraw-Hill. 
‘These can be used to work out а proper average rate—commonly used rates 
for chemical planta are 5 per cent on buildings and 10 per cent on machinery. 
If renewals are to be charged against depreciation even higher rates aro 
desirable. Table 6 indicates the average experience for different types of 
equipment as listed by Kilduff ("Auditing and Accounting Handbook,” 
McGraw-Hill) (only those types more generally associated with chemical 
plants have been selected). In using these or other percentage figures it 
should be borne in mind that any value representing average conditions must 
be raised or lowered to compensate for the amount that actual operating 
practice departa from the normal plant experience, A pamphlet, showing 
the depreciation rates for a wide range of assets as compiled by the Burenu of 
Internal Revenue can be obtained from the Government Printing Office at 
Washington, D. С. 

Depreciation Ledger. Figure 2 illustrates a ledger sheet suitable for 
first-cost plant values and the depreciation charges for 10 years. А ledger 
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like this can be used where each separate asset is depreciated at its own rate 
rather than by a flat value for the entire plant. A separate sheet should be 
used for each department. 


DEPRECIATION LEDGER 


асту 


Ш 


—Depreciation ledger, 


New Construction. The charges originate through work done on con- 
iraet or by the company itself. The complete costs are obtained from 
purchase invoices, from work orders, from supply requisitions, and from 
interdepartmental machinery transfers. А large amount of detail is involved. 
Accounts should meet the needs of the engineering, the cost, the production, 
and the accounting departments. New construction accounts should be 
closed promptly when the work is finished, and the values should be trans- 
ferred to the fixed-property accounts. 

Betterments. When machinery is moved to а new location to facilitate 
routing of materials this is known as a “betterment.” ‘The costs of such 
improvements to existing machinery cannot be churged to the Plant Account 
until the original costs h zed во that all duplications can be 
eliminated 


an 


Table 6. Depreciation Rates* 


Per Cent 
pressing system > 
mprensors. . 8 
aves. - 8 
obiles, passenger a 
trucks, 25. 
Burges, wood. 2 
38 


Belting, canvas transmission 
leather transmission 
rubber transm 
canvas conveyor 
rubber conveyor 

Blowers, cooling. . 
drying 

Boilere, beating. 
high pressure, fire tube 
high pressure, water tube 


сетасесссоноваште 


yard.. à 0 

Bolt and nut machinery 0 
Boring and drilling :0 
Buildings, all wood, cheap constru 5 
all wood, well built 0 

brick and steel. 2.5 

brick and wood 0 
concrete... 0 

5 


concrete blocks, wood roof and floors. 
*8шеней from Kilduff, “Auditing and Accounting Handbook, 
New York. 


‘McGraw-Hill, 
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"Table 6. Depreciation Rates—(Continued) 


'onerete floor. “> 
wood floor. 2 


Buildings, corrugated iron, wood frame, 


police and sentry houses......... 
reinforced concrete. .. : 
slow burning mill construction, brick, wood 
steel, and tile. 
steel frame non-combustible roof, iron wall 
stone, brick, aud concrete 
Cars, standard steel гай 
Chimneys, brick 
concrete. 
metal, lined.. 
metal, unlined 
Circuit breakers. 
Clutches, transmission, friction 
Conveyors, ash. . 
belt . 
chain. 
gravity rollers 
pans... 
portable . 
screw... 
Countershafta, speed reducers, etc 
Cranes, traveling. ...- 
electric cab controlled 
locomotive. 
Crushers 
jaw ТОТ? 
тоок 
Derricks, movable 
stationary, steel 
wood 


Deska, office, metal 
wood zis 
factory, metal....... 
wood ^ 
Dies, drop forging, stamping, etc 
Docks. ,... ео 
Drainage system .... 
Drilling machinery. 
Dryers, direct steam 
paddle 
rotary 
Ducts, mechanical draft. 
Dwellings, concrete rented to employees 
frame rented to employees 


Dynamos. 
Electric distributing system, inside 
outside 
Elevators, bucket.. ù. -+++ 
electric, freight... 
passenger. . 


Engines, gas 
oil 
steam, Corliss. 

high speed 
low speed. 

Exhaust fans. ...... 


Weiser a 


з. 
5 


Baao nm i a o i o o 


1 
12, 
1 
1 


10. 


1 f o © û ıS 5 


aboca 
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Table 6. Depreciation Rates— (Continued) 


Per Cent. 
Feedwater heaters......... и ca өйы ла НАС, 
pumps. " А а pen ein ЕНИ 
Fences, brick or concrete 20 
wire у К а 8.5 
wood., 10.0 
oil distributing system 7.5 
pM Е heee aad 6 
Hoists, chain 5 10.0 
electric an 75 
steam. : 1.5 
Kettles, nitrating. 20.0 
вода... 20.0 
sulfonati 20.0 
steam jnckete 125 
Latheg.. 7.5 
Locomotives, electric. 4.0 
gasoline 10.0 
stean 5.5 


steam or electric, narrow gage 


Meters, flow. 
Milling machines 3b. 
Motors, electric, alternating current. A rw 
direct current 9 

10. 


Ovena, annealing 
brick 

Packing machinery. 

Panela, switchboard. 

Pavements, asphalt. : ч 


5 

0 

0 

0 

0 

0 

0 

5 

0 

0 

brick. ..... 8 
concrete... 5 
ктапйе...... К à t : 80 
ктауе....... 1100 

6.5 

Pig-caating 20.0 
Pipe-threading machines 5.5 
Pipe systems, air 9:0 
drainage. 50 

gus... 4 bon 40 

steam, sprinkler KAE EE 

Pulleys, steel 5.0 
wood 6.0 
Pumpa, acid 10.0 
centrifugal. "i 

geared power. 50 
vacuum а 8:0 
Radiators, steam or water. 50 
Railways, narrow gage T 8.0 
standard gage... К 6 3 7.0 

Rolls, crushing, А 7.0 
Runways, crane, inside, 6.0 
outside... 8.5 

Saws, power, hack... HH 
Seales, automatic, 10'0 
industrial rai 7.5 
platform. 95 
wagon. то 
Screens, coal, sand, ete. Е 5 10.0 
kn 12.5 


heavy stone. 
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Table 6. Depreciation Rates-—(Concludéd) 


Per Cent 
Separators, centrifugal 10.0 
Shafting, main line... 5.0 
Sidewalks, concrete. . dues 
Starters for motors, electric. 25.0 
Stokers, mechanical. 7.5 
Tanks, storage for air, ete. . 4.0 

manufacturing or storage 5.0-20.0 
‘Towers, transmission lines 5.5 
‘Transformers 7.0 
Water mains... 5.0 
Wells, vater,...... 25 


Replacements. In the literature of accounting, the term replacement 
is used synonymously with renewals and, to some extent, with repairs, It is 
good practice to assign different meanings to these expressions, since their 
separate services are needed to define different activities. "Replacements" 
is a convenient term for stating the cost of substituting a new unit for an old 
one, but it should not be held down to the narrow limits of having the two 
unite identical. The technique of replacement accounting differs from now 
construction only in that nn asset value must be extinguished in total on the 
fixed-property records before replacement costs can be entered, 

Renewals. Putting new parts in an old machine is а renewal. Аз this 
inereases the life of the machine, the cost of the parts and the labor of installa- 
tion should not be charged against production but should be charged ns an 
offset to depreciation. Present value of a machine is first cost, less deprecia- 
tion, plus renewals. This procedure does not increase unit production costs 
but instead increases the time required to recover the first cost of the machine. 
Depreciation rates must be set high enough to cover the cost of renewals made 
hin the life of the machine. 

Repairs and Maintenance. The term repairs, popularly linked with 
maintenance, does not convey a precise meaning, and it is difficult to make 
(ће term less obscure. It is often used to refer to major upkeep, maintenance 
usually referring to minor upkeep. It is hard to draw a fine line between 
upkeep and renewals. Any attempt to demarcate the two by setting an 
arbitrary value at which a maintenance item becomes a renewal is not very 


Table 7. Loss Calculation for a Scrapped-plant Unit 
First cont of unit. $10,087.58 


Depreciation reserves, 41$ years at 15 per cont to be deducted 7,416.62 
Deprecinted value 3,570.96 
Renewals to be added 568.08 


Present book value 134,04 


Value to be realized 


Salvage ,, $ 350.00 
Fixed property for sale 1,025.00 
"Total to be deducted. . 2,275.00 
‘Value to be scrapped 1,850.04 
Liquidation expense 750.00 


Lows оп serapped-plant wnit......-. fe $ 2.600.04 
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satisfactory. Such a procedure easily might become a case of chopping off 
the dog's tail by inches, for, should we desire to do renewals in a piecemeal 
fashion, they would be charged off as maintenance, The answer lies in being 
lenient as to the interpretation of renewals and liberal as to depreciation rates. 
‘This practice insures more uniform costs which, after all, is one of the primary 
necessities of cost. accounting. 

Idle Fixed Property. The charges for carrying idle property should 
be segregated on the books so that the loss incurred is known. 

Scrapped Plant. Table 7 shows how the loss incurred through the serap- 
ping of a plant unit is calculated. , Salvage refers to material and machines 
sold before and at the time the unit was actually scrapped. Fixed property 
for sale refers to unsold machines. Liquidation expense refers to the cost of 
dismantling. 

Fire Loss, Calculations for loss incurred through plants destroyed by 
fire are similar to those for a scrapped plant, 
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Cost Systems. Various classifications, such as special order, product, 
class, operation, process, ete, have been proposed. ‘These distinctions’ in 
cost systems are somewhat confusing because they lay undue stress on a 
minor detail of technique. There are only two possible ways of figuring costs, 
namely: 

1. Standard basis in which predetermined standards are cnloulated and 
are from time to time modified to conform to 4 more detailed experience. 
No other unit cost calculations are made for book entry, though the actual 
unit costs are usually checked. These standards are used for sales and other 
work. The cost-accounting system is carefully designed во that all departures 
from these predetermined standards can be effectively analyzed. Theso 
differences are accepted profits or losses. The standard-cost method is 
simple, accurate, economical, founded on correct principles, and makes 
results of operations available at the earliest possible moment. Further 
information is given under Relation of Output to Costs, and under Building 
Spade. 

2, Actual basis, in which the attempt is made to find out what things 
really cost by dividing expenses by actual output. ‘This method is com- 
plicated, inaccurate, unsound in principle, and does not make results of oper- 
ations available prompt Costs cannot be figured for a short term without 
injecting numerous errors, Actual costa have no particular value if they at y 
not economically corree they cannot be passed on to customers and they 
are not in в form to suggest ways of reducing high costs. The actual-cost 
method has been popular with accountants, but the trend is toward the stand- 
atd method, and combined actual and standard cost methods аге being 
favored. 

Cost-accounting Technique. In its simplest terms a cost system has 
to deal with many forms and figures and, therefore, considerable attention 
should be given to technique. . The cost of operating a system depends to no 
small degree on the саге with which the detailed technique has been worked 
out. 

Cost Distributions. One of the difficult problems in cost work has been 
to properly charge expenses to finished goods. Some items can be easily 
charged to manufactured goods, but others appear to bear little relation to the 
finished articles. This Ваз led to various methods of distributing indirect 
expenses: in proportion to the hours of direct labor, in proportion to the time 
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of machinery; ete- This practice is dangerous because many substantial cost 
items аге not so related to the finished product. Process steam rarely has any 
connection with the hours of direct labor expended on production. The 
only satisfactory solution to this problem is to departmentalize a business and 
to charge all non-material costs to specific departments. The cost of operatin 
ench department can then be determined and contrasted with its productive 
activity. 

Departmental Organization. Functional activity is the guiding princ 
ple in departmental organization. When a function is nof present in a 
sufficiently large volume to stand alone it must be merged with some other 
function to which it is closely related. (The usual procedure is to pass the 
work on to someone who has spare time.) Combinations of functions should 
not be made unless the total cost can be reduced to a rational unit basi: 

Departments, The departments’ of a business may be exhaustively 
divided into three classes, These groups and their characteristic subdivisions 
are shown in Fig. 3. 


DEPARTMENTS 
COMMERCE SERVICE PRODUCTION 
Administrative Transportation Departments 
Soles Mechanical orgonived to get 
office Technical the most effective 
Warehouse Labor maintenance ‘ond economical 
Power- Steam cost control using 
Power- Electrical ete buildings, 
Real estate. processes, 
Supervision machines elc. 
to sot lines 
DISTRIBUTED EUNT EDS 
GENERAL OVERHEAD ADDED FACILITIES 
WASTED EFFORT 
= RESULTS 


Ела, 3.— Departmental organisation. 


Departmental Output, Figure 3 also shows the results obtained through 
the operations of the three groups of departments, The effect of their efforts 
will be expressed as: 

1, General overhead, which is not reducible to specific produata. 

2, Wasted effort, or cost variation which can be either а gain ог а loss, 

8. New facilities, in the form of construction, research developments, ete. 

4, Process changes, which are instrumental in converting raw materials into finished 
products. 

Production Control. The management of а business can be simplified 
if а suitable technique for the control of production is adopted. Figure 4 
shows the graphie method. Various boards are also in use. The iden is to 
follow the units in process by cards, metal disks, pins, ete. The particular 


COST ACCOUNTING 2859 


method found to be most effective depends largely on the kind of data which 
must be correlated. Activities should be controlled in both the service and 
production departments. 


Jonvary February March April May une 

510152075 5 0152025 50505 5055 50605 510152075 
- HH 230, 
ER| [242 QUARTER 


50505 SWEDE 50505 510152025 5 1015205 510152025 
July Auqust September October November December 


Fre. 4.—Production control. 


Productive Operations. There are three separate points to be noted 
in the functioning of productive operations. 
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1. Goods are made for stock or for special order. Та some trades they speak of the 

goods made in anticipation of orders as catalogue items and of goods made to order only 

за jobbing work. 

"Machinery is operated continuously as 

intermittently na is the custom with chemicals manufactured in batches: 
3. In the productive operations, goods are manufactured separately, jointly, or as a 

class. The joint manufacture is a splitting up of a raw material into several new pro- | 

ducts. The class manufacture comes in when a number of unrelated articles are pr 

essed at the same time, as is the case in electroplating. 


а the manufacture of sulfurie acid, ог 


Production Orders, In business management, it has been found advisable 
to control all activities by written orders. ‘The service departments are 
controlled by work orders and the production departments are controlled 
by production orders. These orders are also convenient to use in duplicate aa 
а memorandum for the accounting department, but not all orders need be 
“costed” separately. Standing orders are usually used for minor repair 
work, 


PROCESS COSTS 
Costs of Processing. The cost of manufacturing, processing, or con- 
verting a raw material into a new article without considering the cost of the 
material itself arises through seven direct items of cost and seven indirect 
items of cost, The indirect charges are due to services performed by the 
service group of departments, 


Elements of Process Costs 


Direct Costs Service or Indirect Coste 
- Depreciation. 1. Building space. 


1 
2. Taxes. 2. Labor maintenance. 
8. Fire insuranc 8. Transportution, 

4. Other expenses, 4. Mechanical service. 
5. Supplies. 5. Power 

6. Fuel 6. Technical service. 
7. Pay rol 7. Supervision. 


Departmental Costs. The cost of running euch of the three types of 
departments—commercial, production, and service—should be calculated 
in terms of these seven direct and seven indirect costs. This is quite simplo 
if standard costs are used, but if they are not used it is difficult, The reason 
for making the calculation in this way is that the costs can be assigned 
real unit values instead of using mere percentage allocations. (The theory of 
these distributions has been given in “Accounting und Cost Finding for the 
Chemical Industries" by George A. Prochazka, Jr., McGraw-Hill, New York.) 

Relation of Output to Costs. The design of a manufacturing plantis 
always based on a definite productive rate. Later the ability to sell goods 
determines the actual operating rate and fixes the costs of production. If the 
amount of goods that can be marketed does not bear а reasonable relation 
to the productive capacity, then the venture has been an economic failure. 
‘The output used to frame the cost picture should not be for too short a 
period. Nothing seems to be gained by using as a divisor for the total operat- 

osta | 


ing costa the output for в period shorter than one year. Intermediate 


can be taken on a standard basi 

Processing Units. The reduction of operating expenditures to unit 
process values must be logically done to be of value in cost accounting, The 
principles involved are: 
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1. А normal operating rate must be set at some percentage of capacity, such аа 65, 75, 
85, ete. Departures from the rate scheduled for a given period are held to create profits 
or losses and are not interpreted as giving increased or decreased costs. 

2, When more than one result is related to the operating expenditures, then compound 
units аге required. For instance, in sending material through a dryer the significant 
result is the removal of moisture, yet the ratio of dry material to wet determines, in part, 
the productive capacity of the machine. The conditions must be analyzed to find out, 
if а number of unit values are required to suit varying conditions and also to find out 
just how much weight to give each factor. 

8, The immediate purpose in selecting units is to evaluate a process. Article costu 
can be quickly determined if process values are known. 


Unit Process Costs. Standard process costs should be calculated in 
terms of the seven direct and seven indirect costs or in terms of such other 
subdivisions of these as have been found to be more in harmony with the 
problem. Unit process costs must be calculated for each production and each 
service department, and for all subsections of them. 

Depreciation. "The cost due to depreciation can be fixed by an annual 
calculation and allocated to each department on the basis of the first-cost 
values used by that department. A more exact way is to have a property 
account for each department and to use an individual rate for each asset. 
"This method makes it possible to study renewal and repair costs jointly with 
depreciation and thus obtain the true cost of the use of each machine in 
productive operations, АН building depreciation should be charged to a real 
estate department or to an account of a similar nature so that unit costs for 
building space can be obtained, 

Taxes. Income taxes are not considered ав an item of manufacturing cost 
(they are deducted from surplus). State and local taxes must be provided 
for in the eost sheets. The annual amount can be estimated in advance from 
previous charges. The real estate component should be charged to building 
space and the personal component to each department in proportion to plant 
values. А more exact solution would be to make the allocation in proportion 
to plant values plus average working capital required by the department. 

Insurance, The best practice in accounting ix to segregate the fire 
insurance from the other insurance costs, Fire insurance is most conveniently 
handled by an annual calculation similar to those for depreciation and taxes. 
Liability-insurance costs fluctuate with the pay rolls, and the other insurance 
costs are usually conveniently treated as separate expense items, The dis- 
tribution of fire-insurance costs should be made in accordance with under- 
writers’ schedules, penalizing departments with greater fire hazards for the 
extra risk, 

Expenses. A careful classification and analysis of all expenses are an 
important phase of cost work. Usually many of the items can be charged in 
toto direct to a specific department, but it is important to understand 
thoroughly the detailed nature of all business expenses, Some of the more 
usual ones аге: 


General, Miscellaneous insurance. 
Advertising. Employees’ liability. 
Mechanical, i 

Office. it 

Repairs. Pay-roll liability 

Selling. Boiler liability. 

"Technical, Group—accident, health, life, ete. 


"Transportation outbound. 
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Supplies. It is costly to place all supplies on a perpetual inventory basis 
(sce Material Accounting), Usually it is best to get a close check on impor- 
tant items by putting them on a perpetual basis, the others being controlled 
by purchase analysis. Office supplies and many nondescript items can be 
treated as expense by writing them oif at the time they are purchased. А 
Spare Parts account is convenient for recording the purchase of new parts for 
machinery. Usual subdivisions for supplies are: 


1. Factory, 4. Office—stationery, etc. 

3. Mechanical. 5. Packing. 

3. Metered—electricity, gas, water—when 6, Technical—laboratory, engineering, ete, 
purchased, 


Fuel. When fuel is used on a sufficiently largo scale to warrant weighing 
equipment, fuel meters, ete., then the balancing of the fuel account is not a 
difficult matter. The smaller plants without such auxiliary devices can get a 
reasonably close check from an analysis of railroad weights and an accurate 
record of disposition of coal receipts as to stock piles, power-house bin, eto. 
А check over в 3-month period will give much detailed information as to con- 
sumption. Costs of freight unloading, handling, ete,, must be added to the 
coal invoice to get the price per ton. After these values have been ascertained, 
а standard value for inventory, for costing, and for other purposes can be 
established. 

Pay Roll and Salaries. The problem of establishing labor and salary 
coats has seven phases, namely: 


1, Wage payments are made in a number of different ways. АП wage-payment 
plans to be effective must be easily understood by the worker. ho simplest method 
is to pay the worker a fixed amount by the week, or by the day, and have the foreman 
seo that the time agreed upon is put to use. А more common method ia to pay on an 
hourly basis, using в time clock to control the amount to be paid. Piece rate, ù., pay- 
ing an agreed amount for each operation performed, ia a method commonly used in the 
metal-working industries. Т 
an incentive plan. There are some 12 recognized methods, each one being designed to 
meet particular conditions in the metal-working trades, The periodic payments of 
bonuses arbitrarily determined or graduated according to the productive rate is the most 
vommonly used incentive plan in the chemical industries. 

2. Time cards usually serve to fix the number of hours a man has spent in the factory. 
Some planta also use these cards to charge work to specific accounts or to allocate over- 
head, but these two activities are not the proper functions of time carda. At the end of 
а month it is necessary to split the entries on а weekly card so that the monthly charges 
сап be properly entered on the books. Cards are usually handled on a numerical 
basis, each worker being assigned a number which has been coded to designate the 
department in which he works. 

3. Pay-roll sheets should be designed во as to permit making up weekly statements 
and monthly cost records. Only the total houra worked per week and the total weekly 
payment need be recorded on the sheet. Room must also be provided for deductions, 
transfers, bonuses, incentives, ete. ‘The sheet must be arranged во that the cost charge- 
able to each department сап be taken off monthly as в subtotal. 

4. Labor transfers among departments should be avoided as the practice is confus- 
ing. If much of this is essential special transfer slips must be provided debiting one 
department and crediting another. Room must be provided for the signatures of the 
foremen of the departments, 

5. Daily labor reports must be made out by each department giving the classified 
charges for each man's time. Each man's time must be checked against his time-card 
-ecord, and the total time for all men in the department must be compared with the total 
‘of the classified work. 


e straight piece rate has been scientifically refined into 
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. Monthly distribution sheets are required to summarize the information collected 
under Item 5. "These values must foot up to the same amount as those given on the 
pay-roll sheets (Item 3) before the dat» can be used on the cost records. 

7. Salary distributions are usually в simple matter; the payment to each man is 
charged to а department or is prorated over a number of departments. 


Labor Maintenance. The amount of money which must be expended to 
hire and to maintain a worker at his task is substantial, These costs must, 
therefore, be collected so that they can be distributed to departments in 
proportion to the hours of labor employed, or the dollar of the pay roll. 
Labor maintenance can be completely distributed to the departments or a 
standard-rate per cent of the pay-roll can be used—the unabsorbed amount 
being charged off as a loss and the overabsorbed amount being added as a 
profit. Some of the principal costs of labor maintenance aro: 


1, Personnel department to hire workers. 
Salaries of clerical workers to keep labor records, 
Cost of office space and equipment for clerks. 

4. Cost of supplies used by clerks. 

Cost of lunch-room space for employees. 

6. Cost of change-house space, water, heat, ete. 

7. Cont of pay-roll insurance, ete. 
8 
9 


Cost of employees’ liability insurance. 
. Cost of group life, and other insurance, 


Building Space. То determine the annual cost of providing 1 sq. ft. 
building space it is necessary to consider two problems: 


1, The annual cost of providing the land (i.c. real-estate factor), This cost is due 
to vertnin general services, such as those given below, which are essential to the proper 
nitintenance of а group of buildings. These charges ean be distributed to individual 
buildings on an aren, first-cost, or cubie-volume basis, which may be modified to meet 
npecial service considerations. 


u. Watchman day or night 
b. Sanitation—cleaning of pavements, sewers, ete 

с. Yard illumination. 

4: Maintenance of fences, pavements, sewers, fire equipment, etc. 
4; Water for cleaning and other general purposes. 


Building space costs are due to the items given below, of which A is obtained by a 
distribution of the costs given in Problem 1, 


а. Depreciation, 0. Labor maintenance, 
b. Taxes, ^. Land component or real-estate factor, 
е insurance. i. Power: 


а. Expenses: Heat 
Elevator insurance. Light. 
Repairs. Water. 
Painting. Power for elevators. 
Mortgage interest, 3. Transportation: 
ё. Supplies: Refuse removal. 
Janitor, k. Mechanical service: 
‘Miscellaneous Sundry maintenance and repairs. 
f. Pay roll: 1. Supervision. 
Janitor. 


Building-space costs can be allocated each month so as to dispose of all 
charges, or they can be allocated on a standard-cost basis, The second 
method is preferable as proper provision can then be made for sporadic and 
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unusual expenses which are so characteristic of real-estate maintenance. 
Some items do not even appear each year but are encountered only after & 
period of years. Units can be taken on a square-foot basis or better on в 


eubic-foot or volume basis. No building should be penalised for a location 
which is remote from the center of activities, and no manufacture should be 
subject to higher costs because it is located on one of the upper floors of а 
building. The logic of multistory buildings is to obtain a lower average cost 
than would be possible with a single-story building. 

Power. Under the caption, power, are included the costa of obtaining or 
generating and distributing such items as 


Process steam. Vacuum. 

Electricity Gas. 

Compressed air. Refrigeration. 
Water. 


Process Steam. The principal cost elements of process steam are as 
follows: 


Depreciation. Building space 
"Taxes. Power (for handling conl, water for boilers, 
Fire insuran. 

Expenses (boiler insurance, ete.) 

Supplies (oil, packing, ete,). Mechanical service (pipeline and boiter-re 
Fuel. repairs, etc.) 


Pay roll (Bremen, engineers, ete.) Technical service (boiler-room control) 
Labor maintenance, Supervision, 


Process-steam costs must always be calculated delivered at the consuming 
points; any other practice would penalize remote places, which is not proper 
accounting practice. Credit can be given to a department for heat units in 
condensed water from utilized process steam, but steam condensed during 
pipe-line transmission should not be so handled ns improperly to credit ог 
debit an operating department merely because it has & disadvantageous or 
more advantageous location. If meters are not in use, then the best procedure 
is to allocate the steam according to the theoretical or estimated consumption 
for each process. The usual unit of measurement is per 1000 Ib. and occasion- 
ally per net ton, 

In the chemical industries, it is often udvantageous to use for process work 
steam which has been exhausted at а suitable back-preasure from electrical 
power generating equipment. The costs of steam, so utilized, can be allocated 
satisfactorily in some cases on a heat unit basis. However, as a hent unit 
ata high temperature is more valuable than a heat unit at а low tempera- 
ture, consideration usually must be given to the amount by which the water 
rate of n turbine is increased when the turbine is bled for process steam. Fo 
a detailed discussion of this subject see "Power and Heat in the Indust 
Plant," В. J. 8. Pigott, Trans, A.S.M.B. 1920, FSP-52-38. 

Electricity. The cost elements for electricity are similar to those out- 
lined for process steam. Power costs should be calculated delivered at the 
power-house bus bars and to this must be added the average cost for delivery 
at the factory motor. 

‘The cost distributions are for such things as (1) motors, (2) lighting systems, 
(3) furnaces, etc. If meters are not available, daily records of the number of 
hours each device is used will help in making allocations. Machine ratings 
should be checked by a portable recording wattmeter to establish the average 
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current consumption for existing load conditions. Similar methods сап ђе 
employed for the lighting system and for furnaces, appliances, ete. 

Compressed Air. The usual unit for calculating compressed-air costs is 
per 1000 cu. ft. free air compressed per minute. If the system is large, it is 
advisable to meter the air because it is a costly factory commodity, The cost 
should be figured as an average delivered value. If the system is small, it is 
sufficient to allocate the total cost according to the amount of air estimated as 
haying been consumed by each department. The problem of vacuum costs 
is the same as that for compressed air, but the unit is per 1000 cu. ft, free air 
evacuated per minute. 

Gas. If gas is manufactured, cost calculations similar to those outlined for 
process steam аге required. If the gas is purchased, the average cost delivered 
at the various departments should be established. 

Refrigeration. The cost unit involved is per ton of refrigeration, 7. 
the abstraction, in 24 hr., of an amount of heat equal to the heat of fusion of 
one net ton of ice. This is equivalent to 286,600 B.t.u. per day or 199.028 
B.t.u, per min. The round number 200 B.t.u. per min, is usually used, If 
steam-driven compressors are used, credit must be given for the exhaust steam 
which is usually desired for feed-water make-up, drying operations, etc. 

Water. ‘The usual units for water are per 1000 cu. ft. (municipal practice) 
or per 1000 gal. The average conversion factors for these units are 1000 cu. 
ft. = 7480.4 gal: and 1000 gal. = 133.68 cu. ft. The water may be purchased 
ог pumped from a stream or a well. As the distribution aystem is usually 
extensive, costs must be figured on the delivered basis, If the input is 
metered, and the departments are all metered, the amount of water used in 
fire protection, yard cleaning, eto., can be found by the difference. For 
process work, water often must be treated, and this cost must be added. 
Tt is also possible that more than one grade of water will be furnished in the 
factory, ùe., hot, cold, treated, untreated, ete. 

Transportation. Materials must be moved within the factory and fin- 
ished goods must be sent to customers, Some of the more usual costs of 
transportation are assignable to: 


Raw-material onding. Materials for construction, repairs, ete. 
Fuel handling. Yard cleaning, snow removal. 
Ash removal. hipping of goods to customers, 
Departmental shifte of material Warehouse work 
Raw. 
In process. 
Finished, 
The eost of transportation work has two parts: (a) cost of operating trucks 


and other transportation equipment, and (b) cost of labor. Each of these 
can be established on an hourly basis in accordance with the principles that 
have heen laid down for the other service departments, A daily record of 
work performed is an essential background for a proper cost allocation, 
Mechanical Service. Тһе cost problem of the mechanical department is 
analogous to that of the transportation department. Two unit costs, namely, 
straight labor hours and shop hours are obtainable. With large shops, a 
detailed breakdown of costs as with production departments is essential. The 
allocation of costs also requires daily labor records similar to those that have 
been described under the labor section. Work is generally controlled by an 
order system; suggestions us to this are given under Production Order. 
Technical Service. The cost of laboratory, engineering, etc., can be 
worked out on ап hourly basis using the full department costs, or such parts 
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of them ва are required, on а standard-cost basis. With routine work, & 
standard cost per test should be devised. Research work should be charged 
to general overhead or be set up as an asset in the capital accounts. 

Supervision. The cost of supervision can be completely allocated to the 
various departments on а percentage basis. Another method is to work out а 
standard amount for each department running at normal capacity. Each 
department is charged that amount every month—differences between the 
total actual and total standard cost being written down as profits or losses. 
‘The advantage of this method is that it always tends to control costs by offer- 
ing models for comparison. 

Interest on Investment. In spite of the fact that interest on investment 
is frequently included in cost sheets, it is not a legitimate element of cost. А 
manufacturer hopes to get a greater profit than the rental value of a sum of 
money equal to his investment. The place to give interest on investment 
consideration is in a comparative study of profits, However, interest on 
money borrowed for construction purposes is a legitimate item in the cost of 
the erected asset. 
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MATERIAL ACCOUNTING 


Materials. То be classified as з material, the item under consideration 
must add an appreciable amount to the cost of the manufactured article, and 
ita consumption must vary in direct proportion to the rate.of production. 
It ia not essential for the material itself to be present in the finished goods, 
With this viewpoint, some of the expensive supply items сап be treated as raw 
materials and some of the unimportant materials can be controlled by the 
less expensive methods used for supplies. 

Material Control. The primary object of a warehouse control is to 
check the receipts and the disbursements of materials, and the secondary 
object is to obtain the stock on hand, or inventory. The two places to control 
materials are (1) in the warehouse and (2) in the factory where goods nre put 
into process, In addition to the many technical controls for quality, materiale 
can be quantitatively controlled in connection with any of the following 10 
transactions: 


‚ By the seller when he ships goods. 
By the warehouse when goods are received. 
. By the warehouse when goods are delivered for process use, 
. By the production department when the goods are received, 
. By the production department when goods are put into process 
i. By the production department when goods are removed from process, 

7. By the production department when goods are delivered to warehouse, 

8. By the warehouse when goods аге received from the production department. 
9. By the warehouse when goods are shipped. 
10. By the customer when he receives goods. 


Stock Sheets. From a controlling viewpoint there are two kinds of 
materials: (1) package goods, and (2) bulk goods. A much closer check is 
possible with package goods because each container, being serially numbered, 
сап be recorded as having been shipped to a particular customer or as having 
beén put into a definite manufacture. Such facts can be noted on the sume 
horizontal line with the original entry denoting the receipt of the package. 
With bulk goods similar principles can be applied to separate shipments. 
Figures 5 and 6 show two types of stock sheets. Cards do not offer so satis- 
factory а medium as а loose-leaf book with post binders. Formal sheets can 
be used for warehouse control and an ordinary note-book for factory control, 
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Receipts. The differences between shippers’ weights and warehouse 
weights must either be written off, or a credit must be obtained for this dis- 
erepancy. A company policy must be established to cover such losses, 


STOCK RECORD 
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Fic. 6.—hulk-goods stock sheet. 


Requisitions. A frequent and erroneous practice іа to charge the 
materials used directly to the cost sheets by means of в requisition. Two 
records are needed because a single requisition can rarely be adapted to this 


CONTROLLING FACTORY MATERIALS. = 
RAW MATERIAL CONSUMPTION 


FIXED VARIABLE 


Group Products 
Single Product | Single Product | ава Producte | Joint Products 


Gharge through | Charge through | Charge through | Charge through 
standard bill | process card 


process card | process card 
of materials recording con- | recording con- | recording con- 
sumption sumption and | sumption and 
apportion by | apportion by 
weight empirical methods 
volume 
area 


numerical units 


To a Job, Order, Lot, Batch ora Continuous Operation 
Article Costs 
Fra. 7.—Principles of material control. 


double purpose, denoting (1) the withdrawal of material from the warehouse, 
and (2) the entry of raw material into a process. 

Inventories, A physical inventory should be taken before a purchase 
order is placed. If this procedure is followed and the receipts and disburse- 
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ments are carefully checked, then the book balance will always give the true 

inventory. Similar methods of inventory control should be used in the 

factory. | 
Raw-material Consumption, Figures 7, S, and 9 show the e 

steps in factory-material control. Figure 7 gives the general princi 
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то, 8.—Tabulating raw-material consumption. 


which underlie the charging of raw materials to an article cost sheet. Figure 

8 illustrates the well-known tabulation of raw-material consumption. Figure 

9 shows the reconciliation which must be made between the tabulation of + 
consumption and the raw-material receipts from the warehouse. 


Fa HATERAL CONSUMPTION DATA ЕСИ 
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Fro, 9.—Cheoking raw-material consumption. 


Raw-material Pricing. Materials should always be priced at values 
which experience has shown to be reasonably safe figures. It is not desirable 
to upset cost calculations by trying to record each minor change in material 
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costs. Such differences can ђе written off as а profit or a loas, or сап be 
charged to an inventory reserve. Raw-material costs must be complete; 
i.e., they must be figures laid down in the factory warehouse so as to include 
all freight and handling costs. Storage costs, however, are a general overhead 
item and must not be included (material is usually worth less, and not more, 
when it lies around). 

Material Ledgers. A convenient detailed technique for recording 
material values is shown in Figs. 10 and 11. y sheet is used for each 
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Ете. 10,—Material-ledger sheet, 


material. The debit and credit entries can be standardized as shown for raw 
materials in Fig. 11 
PRODUCT COSTS 

Work in Process. The standard costs for processing and the actual 
consumption of materials should be charged to an account Work in Process 
where these values remain as an inventory until such time as finished goods 
ate credited at standard cost, The account must be checked at frequent 
intervals, otherwise the variation between standard and actual performance 
will not be known promptly. 
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Yield Variations, The most important consideration in the chemical 
manufactures is the yield of finished |. 
product obtained from a specified RAW MATERIAL LEDGER 
amount of raw material, Difer- ld 
ences between standard practice and | 
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|. Finished stock. 3. Class producta, 
2; Component materials. 4. By-producta, 


Finished Stock. The term is usually used to denote goods which are 
ready for the market, 

Component Materials. Some articles are manufactured entirely for use 
in other productive processes, Such items are not marketable goods even 
though they must be considered as finished from an accounting standpoint. 
"They are conveniently called intermediates, component parts, or component 
materials. 

Class Products, The distinguishing feature of class products lies in the 
fact that they are related only through a voluntary association in the manu- 
factures, Both the material and the processing may be joint. The operator 
can choose the particular ceramics ће will bake together in a kiln, the castings 
he will pour on a particular day, or the stampings he will plate in the same 
bath. Such articles are called class products because they are manufactured 
together at one time... The cost of all the operations is allocated on the basis 
of separate weights, surface areas, volumes, ete. 

By-products. When in the manufacture of an article several products 
result from a splitting up of the original raw material, then the major product 
is called the finished stock and the other items are called by-products. The 
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refining of petroleum is one of the best known of the by-produets manufac- 
tures. It is often possible to vary, within certain limits, the ratio between 
the various end produots. 

li the cost work is conducted on a standard basis, it is a simple matter to 
credit the work-in-process account for the major product with the value of 
by-products. The way the problem is handled depends on the point of view. 
One extreme is to consider each by-product a salable waste and to credit the 
major product with all revenue obtained through the sale of by-products. 
The other extreme is to juggle the values so that each one carries a fair share 
of the joint costs and brings in a reasonable profit. 


COST ESTIMATING 


Outlining Problem. The usual practice is to draw a schematic diagram 
which shows the routing of materials; the quantities added to, and removed 
from, the process; the general nature of the processes; equipment; etc. Sucha 
chart is sufficient for a preliminary cost calculation, Later, when more 
precise information is needed, the diagram can be expanded into а complete 
flow sheet which goes into all minute details. The four parts leading to an 
estimate of product costs and profits are аз follows: 


1, Fixed investment. 3. Processing coats, 
2. Working capital. 4, Material costs, 


vested value must be known to establish the fixed 
begin with the plant calculations. ‘The 
section on fixed-property accounting will suggest many of the items which 
must be evaluated. Buildings should be estimated on both area and volume 
bases. Percentages and ratios should not be used until their applicability 
to the problem has been ascertained. For instance, with the small units of 
pharmaceutical manufacture the cost of piping might ђе 100 per cent or more 
of the cost of the machinery; and with the large costly units used in some of 
the continuous processes, piping might not be more than 10 per cont of the 
machinery cost. 

"The working capital required depends on the inventories (raw, finished, and 
in process) to be carried; on the credit terms allowed to the trade; on the cash 
required to pay current bills; and on the amount of credit to be obtained from 
others. After the number of days’ supply that must be on hand for each 
item has been ascertained, the value of the inventories, accounts receivable, 
and cash can be quickly determined. If from these values the accounts pay- 
able are deducted, the net working capital is obtained: 

The processing costs should be worked out on an annual basis because 
many items are themselves encountered only once в year. The departmental 
basis is the only safe procedure to follow in estimating costs, as percentages 
ure often misleading. Suggestions as to proper items of cost will be found 
under Process Costs. From the annual costs it is a simple matter to get at 
monthly, daily, per batch, per ton, or per pound costs. Plant operations 
will not usually be 100 per cent of capacity, and allowance for this must be 
made in the calculations, The material quantities and yields are facts that 
are circumscribed by the problem. All materials must be figured laid down 
in the factory, and allowance must be made for putting them into process. 

Product Costs. The cost of the finished article must be figured complete 
laid down in the warehouse with all charges included except general overhead. 
Package costs are figured in when the problem requires it—sometimes goods 


Estimating. As the 
charges, the usual ptactice is to 
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must be figured both packaged and in bulk. These complete costs are fre- 
quently called the mill cost. 

Storage costs should not be added to the cost of the product beyond the 
point that such a charge is в normal element in business. For instance, if 
inventories must be carried for 6 months, then fixed charges on the storage 
facilities are in reality a part of the normal cost of doing business, 

‘The cost of the investment per annual ton of capacity should be figured, 
as it gives a good basis for comparison with other manufacturers. 

The return on the investment can be established from the current selling 
prices, the mill cost, the net investment, and the normal operating capacity 
If the return is not substantially greater than the rental value of money 
the venture is unattractive, 

Checking the Estimates, А determination of the probable cost of manu- 
facturing an article is one of these open-ended problems which involves 
assumptions that must be tested by experience before the true worth of the 
accepted answer can be estublished. All assumptions should be listed and 
closely scrutinized. The rensonableness of deductions must be questioned 
at all times—whether the immediate purpose be nothing more than to define 
the upper and lower limits of the prospective cost or whether the analysis ia 
being conducted with a refinement calculated to reveul the precise risks of 
the undertaking. Great care must be exercised in all estimating. Ever, 
possible avenue which affords a check on the work should be used, because 
the final check through actual operations might involve serious losses 
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Importance of Budgeting. The management of a business enterprise is 
greatly simplified if all of its activities are budgeted. Cost accountin 
according to the standard method, is not possible until all the essential activ- 
ities of n manufacturing establishment haye been budgeted. By means of 
the budget, a definite goal of accomplishment is established, nnd, with the 
mind definitely focused on а particular objective, the objective is more certain 
of being attained. Budgeting is therefore an important part of cost work and 
consequently of management activities. 

Budget Schedules, In а manufacturing enterprise, the cornerstone of 
the budget is the sales quota. Product costs, over a period of years, are in 
part fixed by the amount of goods which actually can be sold. To securo 
profitable operations, all expenditures must be coordinated with the estimated 
probable income and this income can be established only by most carefully 
estimating future sales; i.e. а sales quota is fixed. For maximum utili 
this sales quota must be known in terms of individual products und each one 
must. be classified by industries, by territories, by customers, and by salesmen. 
‘These schedules must be known in great detail because actual performance 
should come within 10 per cent of perfect accomplishment. Once the sales 
quoto is fixed, it is а simple matter to continue the schedules on, to cover the 
detailed departmental activities—provided a suitable cost-uccounting tech- 
nique has been developed. 
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SAFETY AND FIRE PROTECTION 


INTRODUCTION 

Accident prevention and fire protection have come to be so much а part 
of good business, particularly in recent years, that at least certain funda- 
mental phases of thesé subjects have в logical place in a handbook of thia 
nature. It is recognized, however, that space will not permit more than a 
brief treatment of them, and students of safety and fire protection are referred 
to the two national organizations: the National Safety Council, 20 North 
Wacker Drive, Chicago, Ш., and the National Fire Protection Association, 
60 Batterymarch Street, Boston, Mass., as well as to other organizations and 
societies, some of which are included in the Bibliography. 

Safety and fire protection begin with the design of plants—buildings, 
equipment, and processes, Because careful attention has been given these 
matters in the past, the majority of present-day accidents and fires result 
from what is commonly known as human causes, Plans should always be 
examined by someone competent to decide upon their safety and fire pro- 
tection aspects. The object is to remove, as far as possible, the human 
factor from the hazards by making protection permanent or automatic, 


LEGISLATION 


Most states and most cities have regulations and ordinances governing 
safety and fire protection measures for buildings, equipment, and processes, 
and it is always necessary to examine these to make certain that their provi 
sions are being followed. If the information desired cannot be obtained 
from the local authorities, the two national organizations previously mentioned 
might be of some assistance in procuring these regulations and ordinances. 
Many states now have compensation laws which require that compensation 
insurance be carried and further require certain reports when accidents do 
occur. These provisions must of course be followed. 


THE INDUSTRIAL PLANT 


Location. Many factors, such as raw-material supplies, transportai 
facilities, and labor supply, must be considered in locating industrial plants. 
From the standpoint of safety and fire protection, it is important, particularly 
where corrosive, poisonous, or explosive materials are to be handled or 
produced, to make certain that the location of the operation does not con- 
stitute undue danger to adjacent life and property. State laws and municipal 
ordinances must be consulted and satisfied. 

Arrangement of Buildings. Buildings will first of all be arranged to 
permit economie production, since it is usually possible to provide safety and 
fire protection under any given arrangement through type of construetion, 
by fire walls, barricades, etc. However, an effort should always be made to 
limit the height of factory buildings, to provide good separation—50 ft. or 
more between important units—and most important, to minimize conflagra- 
tion areas by definite fire stops. Buildings housing hazardous occupancies 
should be segregated and isolated or barricaded to prevent life loss and/or 
extensive property damage. Buildings in which explosives are handled or 
stored should be separated and barricaded in accordance with the “ American 
Table of Distances," published by The Institute of Makers of Explosives, 
103 Park Avenue, New York, N. Y. 

The distance to be maintained between regular plant-operating buildinga 
depends largely upon the type of construction; the area and height impor- 
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Table 1. American Table of Distances* 

Bharfing and electric a Tabl | Publio Tubi 
blasting caps еа iiid | гайка, | Муш 
No over | No.notorer | En over [Ih not ove | “тае | buriaded.t гие 

1000 300 | 15 10 5 

5000 10000 | 30 20 @ 

10000 000 E] 35 18 

20,000 Е 73 5 2 

25,000 100 120 70 » 

50,000 100000 200 180 n 5 

00,000 150,000 300 260 155 75 

000 200,00 400 320 190 55 

1000 250000 50 360 25 10 

000 300,000 500 600 400 E 120 

000 350,000 600 700 430 260 130 

000 100000 70 80 460 25 140 

000 450.000 800 90 490 25 150 

000 500.000 90 1,000 510 305 155 

000 750,000 000 1:500 530 320 160 

000 | 1000000 500 2000 600 360 180 

000 | 1500000 ‘000 3,000 650 390 195 

000 | 2000000 00 4.000 710 455 210 

000 | 2500000 :000 5,000 750 450 25 

000 | 3:000.000 000 500 780 470 2% 

000 | 3,500000 000 7.000 805 45 245 

000 | 24:000000 000 500 830 500 250 

000 | 450000 000 9000 50 510 255 

00 | 5000000 000 10000 70 520 260 

000 | 7,500000 000 15,000 890 55 265 

000 | 10:000000 000 975 585 20 

000 | 12500000 000 1,055 635 315 

000 | 15000000 | 000 1,130 680 340 

000 | 17500000 000. 1205 75 360 

000 | 2000000 5000 125 265 380 

000 1340 805 400 

000 100 840 420 

000 1460 875 440 

55.000 155 910 455 

160,000 1565 940 470 

65,000 1610 970 485 

70,000 1.655 995 500 

75,000 1995 1,020 510 

50,000 1730 1040 520 

85,000 1760 1,060. 530 

90000 1,790 1.075 540 

95,000 1815 1090 55 

100000 1835 1100 550 

125,000 1900, 1140 570 

150000 1:965 1180 590 

175,000 2090 1220 610 

200,000 2095 1260 630 

225,000 2155 1265 650 

250,000 2215 1330 670 

275,000 225 1365 690 

300,000 2335 1:00 75 

325,000 2390 1485 70 

350000 245 1470 75 

575000 2500 1500 750 

400.000 2555 1530 765 

425.000 285 1560 780 

450,000 265 1590 795 

475,000 2705 1620 #10 


T Barricaded, as here used, signi 0 
i је from highways by either natural or artificial barriers. 


+ By permission of The Inst 


auld be doubled. 


Of Makers of Explosives, 
бея that the building cont 


ing explosives s screened from other build- 


Where such barrie 


do not exist, 
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tance of the unit to continued plant production; hazard of the processes; the 
land available on the chosen site for present manufacture and for future 
expansion; values involved and the available protection. In addition, the 
extent of the exposure from outside properties not under the control of the 
plant will affect the distance to be decided upon between that property and 
the nearest plant buildings. 

The following minimum overhead clearances should be provided for 
footways, roads, and railroad: 


Table 2. Overhead Clearances 


Projects 


‘Floors, platforms, stairs, and other regular ro 


У 

Roadways—main thoroughfares, Road 

Other roadways, Road 

Broad-gage truck Тор of raila 

Narrow-gage tracks, outside buildings. Top of rails 

‘Narrow-guge tracks where passing through barricades.. Тор of rails 

Narrow-guge tracks inside buildings Platform of ears, lorries 
and other conveyances 


Where present installations of pipe lin 
handles, belt-shifter levers, etc., cannot be rearranged to secure this clearance, 
their presence should be clearly indicated from both directions of upproach. 

Side clearance, railroads, and trams are measured from center to center of 
tracks, or from center of tracks to nearest point of strueture. 


Table3. Side Clearances 


7 Narrow | Пат 
gage with | gago with 


rricades, doorways, valve 


Projects 


rolling | "rolling 
or stock, atock, 
ett 
Between рагай ne of track of same gag". | Ww $e ee 
Between parallel lines of broad- and narrow-gage track* | mo | wo 
From tracky to buildings and structures other than lading and а. | 
loading platforms. ze | seni ve 


= Where tracks are on а curve, allowance should be made for projection of car bodies over track, so that 
а clearance equivalent to the above i» maintained under all conditions of use, 

Side clearances for loading and unloading platforms where locomotives 
are operated are to be measured from center of track to nearest point of plat- 
form or structure: 


Brond-gage track. e or 
Narrow-gage track with rolling stock, 6 ft. P 4' 6" 
Narrow-gage track with rolling stock, 4 ft. wide................ 9 07 


On narrow-gage tracks where cars are pushed by hand, it is permissible to 
bring platforms for loading or unloading, raised transfer tracks, eto., as close 
ва possible to car platforms. Аз far as practicable, this is to be avoided where 
cars are operated by locomotives of any description, In all such cases, clear- 
ance between car platform and structure, if below the standard, is to be as 
small as possible and is not to be over 2 in., unless varying width of cars makes 
this impossible. If platform is above floor of car, front of platform is to be 
sheathed down to 6 in. below car-floor level. If side clearance from structures, 
ete., is less than the standard on tracks on which locomotives are operated, 
signs, '' Caution—Insufficient Clearance" (18 by 12 in., red with white letters) 
should be posted 72 in. above the rails (and at the standard side clearance) 
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at euch end of the obstruction or group of obstructions. The distance away 
from the obstruction at which these signs are to be posted is to be governed 
by speed conditions. Tor medium speeds a distance of 30 ft. is recommended. 


Table4. Minimum Width for Footways, Doors, Runways, Etc. 
Regular routes of foot travel, inches. ......- VIALE iSo 
Passage between machines, inches. . б E 
Safety exits and doorway: 
Gangplanks and runways, КЕ AS 1 
Runways for two-wheel hand trucks (allowing two trucks to pass), 

їпеһев........... аА а 


Water supplies for plant fire protection should be available from at least 
two independent sources. The primary supply which maintains pressure 
on the mains should be automatic and of good pressure but may be of limited 
capacity, One or more connections from a reliable public water system or u 
gravity tank of 100,000 gal. capacity elevated on а 125-ft. trestle provides à 
good primary supply. Pressure should be adequate to give at least 15 Ib. 
per ва. in, flowing 


pressure on highest 100 
sprinkler heads, or 90 1 | 
in their absence at -5 gg Ly ^ 


least 651b. per sq. in. = 
on yard hydrants, & 70 
This should be 

augmented by a 
secondary supply. 
One or more fire 
pumps located in an 
isolated or properly 
protected fire-resis- 
tive pump house 
with an unlimited o 
suction supply forms 


НТУ ^ eil ОНО loon in. fre Howe, Сагча LEA on (h 
s а a, L—Friction loss in fire hos ves based on the 
м ondary 800798. following assumptions: (1) 14 Ib. friction loss per 100 Tt. of 
here rivers, ponds, 214 in. cotton rubber lined hose with 250 g.p.m. flowing 
lakes or similar (smooth rubber lining). Where lining is rough or old, friction 
natural water sup- losses may be 50 to 100 per cent higher. (2) Friction loss 
ply are not availa- varies directly with the square of the quantity flowing. (8) 
ble, concrete Friction loss varies inversely as the fifth power of the diameters, 
(4) Friction loss in linen hose is taken from data in “ Fire Engine 
Tests and Fire Stream Tables" published by the National 
Board of Fire Underwriters. 


“Friction 
үт 100 foot 


о ко XO 30 40 50 60 70 80 
Gallons per Minute, Flowing 


reservoirs or suction 
tanks of at least 
100,000 gal, capacity 
for each 1000 g.p.m. pumping capacity are necessary. With such reservoirs, 
adequate filling connections should be provided. А reliable power supply for 
operating the pumps, whether steam or electric, is of utmost importance and 
should be given serious consideration, particularly with the view of preventing 
its interruption during a serious fire. Where a public fire department is 
available, steamer connections are provided on the plant mains so that 
city pumpers or fire boats can discharge water at high pressure into plant 
mains. 

Fire Mains. Where the plant is of sufficient size, an independent system 
of underground fire mains supplying sprinkler systems and yard hydranta 
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should be provided. These mains should not supply water for domestic 
purposes except in tho event of an emergency. The size of the mains should 
depend upon the size of the system, but, in general, mains should not be 


a 
AB 
TEN 
| 

| 


1000 


= 
| 


а 
а 
8 


Discharge,Gal.per Minute 
3 
2 


smooth nozzle 


| | 
- 1 I TT TE Smooth nozzle +. 
22111 ЕЕ: 
== TTG LIT fswawe4e | || 


10 20 30 40 50 60 70 80 90 100 10 120 

Pressure, Lb.per Sq.Inch(Pitot Tube Pressures) 
‘Discharge of water through smooth nozzles and sprinkler heads, Assumed 
їз of discharge (0.09 to 0.997) based on experiments by John В. Freen 
Trans, Am. Soc. Civil Eng., 21,24. Sprinkler-head data from tests by Underwı 
Laboratories. The 214-in. open-hydrant butt-curve data from Crosby, Fiske, Fors! 
р. 713, Table 18, Van Nostrand, 19: y Mathews Hydrant. The2-, 194-144. 
124-, 1)6-, and 141, nozzle curve data from Crosby, Fiske, Forster, p. 698, Table 1 
The Zá-, 5(-, and 34-in. nozzle curve data from “Fire Stream Tables” (pamphlet by 
Factory Mutuals, Boston). The 11-0. sprinkler-head curve data from Crosby, Fiske, 
Forster, р. 717. 


smaller than 8 in. where hydrants as well as sprinkler systems are supplied, 
The branches to individual hydrants should be not smaller than 6 in. (For 
friction losses in mains, see Flow of Fluids section.) Due to its much longer 
life in underground service, cast-iron pipe Class C or D, American Water 
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"Works Association Standard (130 lb. or 173 1b.), should be used. Where 
the ground contains corrosive substances, it is necessary to protect: the outside 
of the pipe by dipping each length in hot tar, wrapping it in tar paper wired 
tightly in place, and again dipping in hot tar. All joints should be similarly 
protected. Care must be exercised in laying pipe that no foreign materials, 
such as stones or pieces of wood, are allowed to enter the pipe as these form 
serious obstructions. The depth of the mains below the earth surface should 
be sufficient to prevent the water in them freezing in the coldest weather 
experienced in that locality. Further information can be obtained from the 

Regulations for Outside Protection” published by the National Board of 
Fire Underwriters, 85 John Street, New York, М. Y. 

In order to provide flexibility and to facilitate repairs, sectional control 
valves are installed in the mains, Check valves are necessary to prevent 
back flow of water where pressures of the different supply lines vary. State 
laws must be complied with, and special precautions must be taken where 
there is a cross connection between public water supplies and a fire-mnin 
system which is supplied by non-potable water. 

Hydrants and Hose. Hydrants are specially designed to be substantial, 
to provide an unobstructed waterway from the mains to the outlets, and аго 
eusily operated and arranged so 
that when the hydrant is shut a 
drain at the base opens to allow 
the water in the hydrant barrel to 
drain, thus preventing freezing. 
Hydrants are usually located so 
that at least two streams are avail- 
able for each building without the 
use of more than 150 ft. of hose. 
This generally necessitates locat- 
ing hydrants not more than 300 ft, 
apart; but where areas are con- 
gested, it may be necessary to 
place them much nearer together. 
Hydrants are placed not closer 
than 40 ft. to the buildings which 
are to bê protected. Thethreads oy 29 30 40 50 é0 70 80 
on the hydrant outlets and the Nozzle Pressure in Lb. per Sa пећ 
threads ‘on! the hose should bo Fig, 3— Range gf fire streams, "Nose 
uniform throughout the plant and pressures as indicated by pitot tube, Data 
should conform to the public based on experiments by John В. Freeman, 
standard in the locality. Where Trans. Ат. Soc. Сбой Eng., 21, 303 (1889). 
possible, threads conforming to 
the National (American) Standard Fire Hose Coupling Screw Threads should 
be used (see "A.S.M.E. Code," Engineering and Industrial Standards 
B-26-1925). 

Standard single-jacketed, cotton, rubber-lined mill-yard hose is preferred 
for outside fire prote al plants, due to its flexibility and rela- 
tively low friction loss; 214-in. hose provided with 1}¢-in. nozzles is considered 
minimum for outside protection. See the tables on Friction Loss in Fire 
Hose; Discharge of Water through Smooth Nozzles and Sprinkler Heads; and 
Range of Fire Streams. 

‘To save valuable time at the start of a fire, the hose is ordinarily connected 
directly to the hydrant and is kept in hose houses or in hose boxes at the 


— Range of Fire Streams 
From averages of tests In. 
having f^). 

ips were | 7] 


Effective Range of Fire Streams in Feet 
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hydrants. These also contain miscellaneous equipment. This hose is sup- 
plemented by a reserve supply on hose reels conveniently located throughout 
the plant yard. 
f matched boards,covered 
RE Hi eis equivalent 


We 


14 pace for ventilation 


Leather joop two ~ 
feet high o prevent 
Jose rubbing whey 
abor is oper 


(лот has} 
TER bek 


Fio. 4.—Underwriter hose house and equipment. (National Fire Protection 
Association.) 


"The following table* shows what is considered to be the minimum distance 
between hose nozzles and high-tension wires, under which there may be 
danger of passage of current to employees holding the hose line. 


Table 5, Minimum Safe Distance between Hose Nozzles and High- 
tension Wires 


Эме distance 1 nozzle, ft. Safe di 

Volüue. - - ————- 

Fresh Fresh water. 
EJ H nate ale BT 9 
2200 п 25 | 16 
6,600 19 30 m 
1100 20 30 30 
22000 25 | 30 3 
35,000 30 i 35 E] 


Fire-alarm Equipment. Private fire-ularm systems are necessary on 
practically all plants for promptly notifying the fire brigade and for exit of 
employees. These systems should operate on normally closed, electrically 
supervised circuits. Fire-alarm boxes are of three types: 

1. Interfering 

2. Positive non-interfering, 

3. Positive non-interfering and successive 

The interfering type of box has no ability to control ita circuit once if 
has been started in operation; and hence if more than one box is pulled at or 
about the sume time a mixed, a confused or a totally mutilated signal will 
result. 

* By permission of the National Fire Protection Associ 
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‘The positive non-interfering type of box, which is the one most generally 
used for plant service, is so arranged that should two or more be pulled at the 
same time a definite, accurate signal will be received from one of the stations. 
` The positive non-interfering and successive type of box is non-inter- 
fering as just described but hus the added feature that after the box selecting 
control of the circuit has completed its signal the other box or boxes wi 
automatically take control. one after the other; hence the term successive. 

Fire-alarm boxes should be installed in conspicuous locations and mounted 
ко that accidental operation will not be caused by vibration or jarring. | When 
provided inside buildings they should preferably be located near exits, Boxes 
located outside the buildings should be well detached from the buildings. 
Gongs may be located throughout manufacturing buildings, automatically 
coded so that they ring the number of the box pulled. The plant whistle 
may be automatically or manually operated. Recording punch registers 
provide visual as well as permanent records of all signals passing over the 
fire-alarm system. It is good рг to operate a fire-alarm system from 
storage batteries installed in duplicate sets, one set operating the system 
while the other set is in reserve or is being charged. The system should be 
tested daily by actually pulling at least one box. Every box on the systom 
should be operated once a month. 
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"Type of Construction. Permanent factory buildings should not be of 
frame construction except where necessary uring conditions, 
Non-combustible construction or fire-resistive construction is to be preferred. 
For further details of construction, consult tho "Building Code” recom- 
mended by the National Board of Fire Underwriters. 

Outside Walls (Buildings Other than of Frame Construction). Where 
distance between buildings is limited by uncontrollable factors, and the 
various buildings expose one another, (1) door openings should be protected 
with standard automatic fire doors. ^ (2) Windows should be of wired glass 
in approved stecl sash without ventilating sections or with these sections 
arranged to close automatically at time of fire. Under severe exposure, fire 
shutters or cornice sprinklers are advisable. (3) Fire walls should be para- 
peted to prevent spread of fire through roofs. 

Horizontal Cut-offs. Where floor areas are large, or where combustible 
constuction is involved, fire-wall cut-offs should be provided. These cut-offs 
should be standard fire walls of at least 13 in. of brick or of equal construction, 
with all door openings properly protected with single or double automatic fire 
doors. All other necessary openings through fire walls, such as belt, shaft, or 
conveyor openings, should be suitably guarded to prevent spread of fire. The 
fire walls, where roofs are combustible, should extend through the roofs and 
should be parapeted to a height of 3 ft. Where side walls of the building 
are combustible, the fire walls should be extended out several feet beyond the 
exterior walls. 

All new interior partitions should preferably be fire-resistive or at least of 
non-combustible construction. 

The following chart shows the relative fire resistances of various types of 
wall and partition construction. 

Vertical Cut-offs. In multiple-story buildings, each floor should pref- 
erably be entirely cut off from the other floors. Where it is necessary for 
stairways, elevators, or dumbwaiters to extend through floors, enclosures 
should be provided at least equivalent to the existing floor construction of 
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the building. АШ openings in these enclosures should be equipped with 


automatic fire doors. " " 
ene бге dod Бе maintained Table 6. Fire Resistance of Walls and 
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in a good state of repair, and when Reciigions | 
interior changes are made, which [Type of Wall [ШЕ] Hours Resistance 
in any way affect vertical cut-offs, |_orPartition __|Е 1 2 3 4 
proper regard for the spread of 5 $ 
fire should be considered. Briek з 
Elevators. Elevators are а |-z : 
frequent source of accidents, | Reinforces E a 
and experience has shown that 
certain safety requirements must | Load Bearing |16 


У 
be met in their construc- | а лије | 


tion. Consideration must be i 
given to top clearances, bottom [1299 BearingHollow Nie) {2 
clearances, overtravel, overhead |Plestered bathsides | g 
structures, car and shaft-way 

gates, car speeds, emergency ConcrefeBlock | 8 


stopping devices, and general | Cement Plaster р = 
guarding. Experience has demon- [Уай and frame, E 
strated the value of the elevator | Gypsum Block 4 3 


ав а life-saving device in case of [Cement | 
fire, and it is therefore important Сер sesimin 4 ME 

from this standpoint that the [Cement Plaster, Metal ЕЛ 
shaft way be of fire-resistive con- Lettone side : 
struction in passenger elevators. _ * Three-quarter-inch cement or gypsum 

Safety requirements for eleva- plastering ов опе side of a brick or tile wall will 
tors, hoists, dumbwaiters, and Fireresstance Limits (see chart above): 
escalators are fully covered in the A. When combustible members frame into wall 
“Safety Code for Elevators," 6: For bearing walls due to, sharactoriatio 
American Society of Mechanical splitting along center of wall. 

Engineers, New York, to which D. For non-bearing wall f | 
reference should be made for por finder concrete, load-bearing, ог nou- | 
detailed information. F. For unreinforced partition. 

Exits. While the following @ For partition reinforced with steel rods in | 
covers the subject in a general ^ Uompited from test data of Bureau of Standards 
way, reference should be made to and Underwriters’ Laboratorien, 207 E. Ohio St, 
the “Building Exit Code," the Chicago.) 

National Fire Protection Association, for information in greater detail. 

It is important that exits be of ample capacity to accommodate safely and 
properly the employees in 
case of fire and panic and 
to enable them to reach a 
place of safety outside 
of the building in which 
they are working. Every 
factory or working space 
should have at least two 
means of egress from each 
story. These should be so 
located and constructed | 
that the occupants will use them if a fire occurs, as а matter of course | 


preferentially. 
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In planning exits for new and old buildings, such factors as the following 
should be thoroughly considered: (a) number and location; (b) types; (c) con- 
struction characteristics; (d) maintenance; (e) drills. 

Ав far as practi- 
cable, doors should 
not be placed so as 
to open directly 
upon moving ma- Z4 
chinery, electrical 


equipment, open | 
containers of hot ^ 
or corrosiveliquids, | fn 
pits, railroad ог | S 
tram tracks. al ig» 


Where doorways * 

open abruptly H Y r Е 

upon railroad, | "IG N $ Curve point 

tram, telpherage, | Эмо? Расе 

lorry, ог crane | | 

tracks, ог at cross- = , m " * 
е зро 


ing of routes or 
paths with these, 
where view of 
approaching cars, 
eto., is obstructed, 
provisions are to be made momentarily to stop ред 
Doorways from which 

there is a vertical drop of 4 људ 

Н,-0 in. or more are to be pro- back f ~ 
vided with a hinged gate to Jaca 


ground to be leveled бар base of chute. 
ToafFora an unobstructed path 


Fro. 6.—Emergency exit chute. 
estrians (see Fig. 5). 


open inward or sliding gate, of Райо. еи 
strength equivalent to the pot length throogh 
standard railing, not less than ZA% ||| dost his 
42 in. in height with midrail, m 

Where quick egress from Safety Exit 


hazardous operations is neces- 
sary, emergency chutes and 
doors should be installed. See 
Fig. 6 and Fig. 7 (1) and (4). 

Lighting (sce also pp. 2264 
Certain factors 
haye been found to 
affect the eyes must be соп- 
sidered in the design and 
installation of lighting sources. 
Among these are reflection, 
absorption, distribution, diffu- 
sion, intensity, steadiness, 
color, and glare. Among the 
controlling practical factors 
are: height, spacing, and size 


to 


Doorway for- 
Safety exit 


Atleast 6*4' 
Permanent step” —— 
А | Ун 

@ 2 
Arrangement of Emergency Exit Through BoxCor 


Where Necessary to Provide in Special Cases. 
Ела, 72 


Arrangements for exits, gangplanks, and 
wheeling walks. 


of lamps and type of reflectors or globes. 


Adequate daylight illumination, properly applied, is the ideal light, 
from above is generally better than light from side windows only. 


T 
Skylights 
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and monitor windows should be provided wherever practicable. 
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Large window 


areas, equipped when necessary with awnings, window shades or blinds, and 
diffusive or refractive glass, together with light interiors, are desirable. 
Artificial lighting, which may be di 


led into four systems, direct, indirect, 
semi-indirect, and local, requires investigation as to the nature of the work 
for which lighting is to be provided. First of all, the intensity of illumination, 
which is expressed in foot-candles, for the various types of work and for the 
various locations in buildings, should be determined. 


Table 7. Recommended Intensities of Illumination 
Recommended 
Foot-candles 
Roadways and yard thoroughfares 5 5-2 
Storage spaces; aisles and passageways in work rooms excepting 
exits and passageways Е x 
Where diseritnination of detail is not essential 2 
Where slight discriminati detail is essential 2 
Where moderate discrimination of detail ig essential. . Бл"! 
il is essential. Eg 


Where close discrimination of ¢ 
Where discrimination of minute detail is essential ive dg 
amd above 


Adequate information and desirable practices have been formulated by 
the leading illuminating engineers. Such publications as the "Code of 
Lighting: Factories, Mills, and Other Work Places," published by the Govern- 
ment Printing Office, Washington, D. С. should be referred to when 
investigating lighting requirements. 

Ventilation. In considering the subject of ventilation, the following 
factors must be taken into account: amount and distribution of air supply, 
temperature, humidity, motion, velocity, odors, dust, bacteria, and toxic 
or flammable vapors.* 

Blower and exhaust systems may constitute fire hazards in themselyes 
or may introduce hazards contributing to the causes and the spread of fires, 
even though they are properly located, installed, and safeguarded. Where 
practicable the ducts of such systems should not pierce floors, fire walls, et 
which would aid in the spread of fire. If such installations are necessary, 
proper protective devices should be provided at these cut-offs. 

The two main divisions of the ventilating problem are: first, proper ventila- 
tion for a specified number of people in a confined space; second, the removal 
of harmful or dangerous substances in the air. 

A deficiency of oxygen or high humidity їп а room where people are working 
will result in excessive fatigue on the part of the occupants, This can be 
overcome by supplying the proper amount of fresh air. The following 
recommendations will serve as examples: 


Table 8. Air Requirements 


Renewals of Air, 


Project Hour 
Work shopa. | a С; .... 10-15 
General offices, ......- 4-5 


Engine гоота,.... 
Boiler roma. ,....... 
Stuirways and halls 
Milla (light work). 5 preo 

Whether the air be supplied by windows, a forced-draft system, а suction 
eystem, or a combination of these, depends on the conditions involved. 

+ Used here as recommended by The National Safety Council. 
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If harmful or flammable dusts or vapors are present in the air, it is essential 
to keep them below the harmful or hazardous concentration for the particular 
dust ог vapor in question, 

The means of ventilating an enclosure where harmful or flammable dusta 
or vapors are present will usually consist of a hood with a suction fan placed 
in the vortex constructed over the source of the dusts or vapors, to keep 
them from escaping into the room. Where this is not. possible, ventilating 
duets are distributed throughout the room, usually with the suction duct 
being near the floor when the vapors are heavier than air and near the ceiling 
when lighter than air. Bee "Regulations for the Installation of Blower and 
Exhaust Systems," National Board of Fire Underwriters, also Safe Practices 
Pamphlets 32 and 37, National Safety Council. 

Sanitation, Change houses with lockers, wash rooms, lunch rooms, and 
toilet facilities adequate for all employees should be provided. Hygiene 
among workers is an important factor in combating health hasards and 
makes for efficiency. Change rooms should be sepurated or located away 
from the working operations. Shower baths should be provided for occupa- 
tions where workmen necessarily become dirty or are exposed to poisonous 
dust, fumes, or vapors. In some operations, it is necessary to provide special 
working clothes and also to supervise and to provide washing facilities for 
this clothing. 

To insure comfortable and desirable conditions, it is essential to have all 
locker rooms, lunch rooms, showers, and toilets adequately heated, ventilate 
and illuminated. Cleanliness is necessary in these places, and attention 
should be given to their maintenance. 

A drinking-water system with bubbling fountains located at convenient 
places should be installed throughout the plant. When taking water from 
а city drinking-water supply, it can generally be assumed that the water 
s properly protected sgainst disease germs; but if taken from other sources, 
it is essential to make frequent chemical and bacteriological analyses. ‘Tho 
water should be kept at а constant and desirable temperature, approximately 
45°F., and this is best accomplished by providing a centralized refrigerating 
and cooling plant. Modern electrical refrigerating units can be used if such 
systems are warranted. 

Automatic Sprinkler Systems. The automatic sprinkler is the best 
single safeguard against loss of life or property by fire. It is a device for 
automatically discharging water on a fire, and with proper water supplies 
will either extinguish the fire or hold it in check. Тһе automatic feature is 
secured through the heat from the fire which melts a soft solder compound and 
allows the head to operate. In the case of the bulb type of sprinkler, oper- 
ation is secured through bursting of the bulb owing to expansion of the 
liquid which it contains. The water is supplied by в piping system, the 
sprinklers being at intervals along the pipe. Sprinkler-system design requires 
expert knowledge to secure proper spacing and location of heads, the proper 
pipe sizes, control valves, and adequate water supplies. All portions of the 
building should be protected. Sprinkler installations should follow present- 
day standards. (See ‘Regulations for the Installation of Sprinkler Equip- 
ments,” National Board of Fire Underwriters.) These regulations requiro 
adequate water supplies, standard and approved material, heads properly 
spaced und located under various types of ceiling construction, and piping 
properly supported. 

Automatic sprinklers are designed to operate at various fixed temperatures, 
their selection depending upon the normal temperature of the space to ће 
protected as follows 
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Table 9. Operating Temperatures of Automatic Sprinklers 


| 


Rating of sprinkler heads, “F. 


Room temp., 


Solder type Quartz bulb 


[ 
"Under 100. 2 155-165 | 135 Ordinary 
100-150. | a [195 
Above 200 360 


When corrosive vapors are present, special heads, such as chromium-plated, 
lead-plated or wax-covered (corroproof) heads, or a combination of these or 
the bulb type should be employed. Where the heads are subject to mochnn- 
ical injury they are provided with guards. 

When the space to be protected is heated, а wet system with water in the 
pipe lines under pressure to the sprinkler heads at all times is installed. 
When installed in unheated spaces, а dry system is used with water held in 
check by а dry valve located in a small heated enclosure, the sprinkler piping 
being filled with air. When a sprinkler head opens, the air pressure is reduced. 
The dry valve then operates and water flows into the system. 

Unsealed sprinkler heads (ordinary heads with struts or links removed) 
may be used in conjunction with quick-opening or deluge valves to discharge 
large quantities of water over an entire area or af, certain critical points. 
Cornice or window sprinklers may be used for producing a water curtain 
on the outside of buildings to prevent the spread of fire. Unsealed heada, 
and cornice or window sprinklers, may be used in addition to standard 
automatic sprinkler systems. For quantities of water discharged from 
automatic sprinkler heads, see Fig. 2 

Inside Hose. Linen hose is usually used for such equipment, although in 
buildings containing acid fumes, or where there is excessive moisture in the 
air, rubber fire hose may be necessary. Small hand hose can be attached to 
wet pipe sprinkler systems under conditions specified in '* Regulations Govern- 
ing the Installation of Sprinkler Equipments," National Board of Firo 
Underwriters. In most cases inside hose is either 114 or 114 in. with Join. 
brass nozzles and stored on semiautomatic hose racks or so located that all 
parts of each story of the building are within 20 ft. of nozzle for first-aid 
stream when attached to поб more than 75 ft. of В For quantities of 
water discharged from inside hose, see Fig. 2. 

First-aid Fire Extinguishers. These are designed for incipient fires 
and should be installed in addition to other equipment, auch as sprinklers 
and inside hose. Incipient fires are divided into three groups. 

Class А fires are those in ordinary combustible material, where the quench- 
ing and cooling effects of quantities of water or solutions containing a large 
percentage of water are of primary importance. 

Class В fires are those in oils, greases, flammable liquids, еќо,, where the 
blanketing or smothering effect of the extinguishing agent is of greatest 
importance, 

Class C fires are incipient fires in electrical equipment, where the non- 
conducting property of the extinguishing agent is of prime importance, 

А unit has been adopted for convenience in measuring fire protection 
afforded by first-aid fire appliances, This unit is composed of from one to 
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five appliances, depending upon the extinguishing value of the kind of 
appliance comprising the unit. For ordinary combustible occupancies and 
extra hazardous occupancies at least one unit should be provided for every 
2500 ва. ft. of floor area or not over 50 ft. of travel from any point to reach 
the nearest unit. For light hazard occupancies one unit should be provided 
for every 5000 sq. ft. or not over 100 ft. of travel from any point to reach the 
nearest unit. 


Table 10. First-aid Fire Appliances’ Classification 


ао Classification and | -Protection Rechargh 
Kind of extinguisher lssifcation and | from freesing charging 
number of devices | о 
ТУ gal. вода | Yes | Копен yearly 
144 лі. sodacacid -.. : Yes | Renew yearly 
214 gal. soda-acid, К | Ува | Reoew yearly 
17 gal, sodacacid (91600) Yes | Renew yearly 
30 gal. eodn-acid (wheeled) | Yes | Renew 
Yes | Renew 
gal. soda-acid (wheeled) ] Уз | Renew yearly 
60 gal sodaacld (wheeled) Уз — [Renew yearly 
Yes | Renew yearly 
Yes | Renew yearly 
| Yea [Renew yearly 
244 wal foam. | Yes _ [Renew yearly 
5 gal, fmm. г Yes — [Renew yearly 
17 gal. foam (wheeled) Ye | Renew yearly 
33 gal. foum (wheal Yes _ | Renew yearly 
244 gal. calcium chloride No _ [Renew yearly 
24 gal. pump tank Xe | Koep full 
5 вы. pump tank Yes | Keep full 
22 pal: bucket tank containing 5 standard fire 
рађа ER Ye | Keep full 
50 gal. cask with 3 standard fire Yes | Keep full 
12 qt. standard fire pail Yes |Keep full 
12 qt. fosin fre pail. Yes | Renew yearly 
12 qt sand fre pail. No | Keep full 
1 gal, loaded stream. No | Renew yearly 
No new yearly. 


TM gal: loaded stream, 
1 qt carbon tetrachloride. | 
TH qt. carbon tetrachloride | 
1% qt. carbon tetrachloride. | 
2 qt, carbon tetrachloride... 
1 gal. carbon totrachlor 
2 gal. earbon tetrachloride, . 
3 gal. carbon tetrachloride 


No | Keep 
No | Keep full 
No |Keep full 
No — [Keep full 
No | Keep full 
No | Keep full 
№ | Керш 


7¥4 Ib, carbon dioxide cylinder. | | № | Weigh semi-annually 
10 b. carbon dioxide eslinder. No | Weigh semi-annually 
15 Ib. carbon dioxide cylinder. No | Weigh semiannmally 
20 Ib. carbon dioxide cylinder. № | Weigh semi-annually 
50 Tb, carbon dioxide cylinder (wheeled) , No _ | Weigh semi-annually 
100 Th, carbon dioxide cylinder (wheeled) № _ | Weigh semi-annually 


tinguishers are designed for certain types of fires, as shown in the table 
aboye. This table also shows: (а) the number of devices required to 
form one unit; (b) whether the device needs protection against freezing; 
and (с) the necessary frequency of recharging. For further details, see 
“Regulations Governing First Aid Fire Appliances," National Board of Fire 
Underwriters. 


Е 
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EQUIPMENT | 

Type. In considering the type of equipment from the standpoint of | 
safety, particularly common equipment or that which is not peculiar to 
certain processes, the principal considerations are that it be properly guarded, 
free from projecting shafts, exposed moving parts, and projecting setscrew 
Machines which are automatically fed should be given preference, and the 
point of operation should in all cases be adequately guarded. Rolls and other 
such equipment where there is the possibility of the employes being injured 
between moving parts should be provided with quick-stopping devices either 
automatically or manually controlled. Remote controls are frequently 
used for machines in which explosive substances are handled. In all cases, 
suitable means should be provided for adequate cleaning without undue 
hazard to the employees. Pressure vessels should be installed in accordance 
with the ‘Boiler Construction Code," American Society of Mechanical 
Engineers. Further information on this subject will be found on pages 1804 
to 1806 and in the Safe Practices Pamphlets, National Safety Council. 

Location. Equipment should be located to provide adequate working 
areas, aisles, and light. It is advisable to locate machines upon which work 
requiring good light is performed along the walls near windows where daylight 
may be secured. 

Guarding. The following section divided into two parts, guarding of 
general machinery, and protection against falling and slipping, covers the 
subject in a general way. Further information may be obtained from the 
Safe Practices Pamphlets, National Safety Council; and “Safety Code for 
Mechanical Power Transmission Apparatus, " Government Printing Office. 


Guarding of General Machinery 


Alteration or Replacement of Existing Protective Appliances. These 
recommendations are not to be construed ns requiring alteration or replace- 
ment of present protective appliances except under the following conditions: 


t afforded is not adequate und is clearly less than 


а. Where the protection at pres 
that afforded by the standard. 

b. Where present protective appliances fall below the requiremente of the atate. 

c. Where present protective appliances are in need of general repair or replacement, 


Operation without Protection. New and existing machinery is not 
to be put into operation until adequate permanent or temporary protective | 
appliances nre in place. If necessary to operate machinery for adjustment 
temporarily without guards, warning signs to be displayed. Defective guards 
are to have warning signs displayed and to be repaired or replaced as soon ан | 
possible, 

Strength. 


о be of substantial and durable construction. No guard 
or railing to be installed or kept in use which can be broken, collapsed or 
displaced by the weight of a man's body lurching violently against it. 

Material. То ђе of metal, except under the following conditions when 
wood may be employed: 


а. Existing wooden guards which are substantial and otherwise satisfactory, 

b. ‘Temporary conditions, where, on account of the uncertain future of the operations, 
impossibility of immediately applying metal guards, etc. 

c. In buildings containing explosives, ete., which are readily ignited or exploded by 
spark, nnd in which the addition of metal is to be avoided. 

d. In situations where, on account of the peculiar nature of the process, iron is objeo- 
tionable or is subject to rapid deterioration. 
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"Wood is not to be used for protection against belt breakage where likely 
to be splintered and thrown, nor for any but temporary installation in build- 
ings where its use materially increases the general fire risk, particularly in 
forming a flammable connecting link by which flame may travel from the 
floor to а flammable roof or ceiling. 

Provisions for Oiling and Greasing. Guards to be applied so that it 
will be unnecessary to enter, open, or remove them for routine oiling. Except 
where unavoidable, closed guards shall not enclose bearings, and as far as 
practicable outboard bearings on shafts should be outside filled railings. Tt 
is permissible to install extension oil pipes (not smaller than Jin. standard 
pipe) through guards, but preferably only under the following conditions: 

. In heated buildi 

DIR BISE not н она. 

v. On low- and medium-speed drives, 

Where necessary for (ће lubriention of gears, an opening not over 6 in. 
square may be left in the guard away from the inrunning side of the point of 
mesh, if provided with an attached shutter or cover closing by gravity or 
springs, 

Under exceptional conditions, where access to oil and grease cups, ete., 
while machinery is in motion, is essential and can be secured in no other way, 
closed guards may be hinged; or railings and closed guards may be provided 
with а hinged section. In either case these are to be held closed by latch. 
If this provides access to з moving part, the opening should be ample in size 
and should be situated at the point of travel where least danger is introduced. 
In this case, covers or gates should not be self-closing. No gates or removable 
section for employes to enter railed enclosures to do routine oiling while 
machinery is in motion are permissible. Gates provided for repairs and 
adjustments must be locked. 

Oiling Walkways and Platforms, ‘The oiling of overhead shafting by 
means of portable ladders is to be avoided as far us practicable by the installa- 
tion of platforms ог wallew: 

Platforms and walkways should. be at least 30 in. in width and are not to 
be less than 24 in., protected on open or exposed sides with standard railings, 
As a general rule, the best location for oiling walkways and platforms is 24 
to 48 in. below the level of the shafting. 

Oiling walkways and platforms are not to be located more than 24 in, 
(vertical distance) above the shafting for which they are provided or more 
than 30 in. (horizontal distance) to one side—for best distances see Table 17. 

Material and Construction. Sheet or Perforated Metal Guards. 
Not recommended for very large guards or filling in railings on account of 
obstructing view of machinery. Should be galvanized or painted, 

а. Gage. In no ease, less than No. 22 (0.0313 in.) to be used. 

When Largest Side of Guard Does not Exceed 4 Sq. Ft. in Area, (1) Not 
lighter than No. 22 gage to be used if constructed on supporting framework. 
(3) Not lighter than No. 16 gage (0.0625 in.) to be used if not constructed on 
supporting framework. 

When Largest Side of Guard is 4 Sq. Ft. in Area or Greater. (1) То be con- 
structed on supporting framework. (2) Not lighter than No. 18 gage (0.05 
in.) to be used. (All specifications for U. 8, Standard Gage.) 

b. Seams and Joints. To be welded, riveted or bolted. 

в. Edges and Corners. No exposed sharp edges or corners. 

d. Framework. To be constructed of strap iron not less than 1 by {є in., 
or angle iron not less than 1 by 1 by № in. made up by welding, rivets, or 
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bolts. If bolts are used, corners of large guards to be braced with angles or 
gussets. Strength of framework to be proportioned to size of guard. 

Expanded Metal Guards. Expanded metal is recommended for con- 
structing closed guards for pulleys and large gears and for filling in railiny 

а. Gage and Mesh. (1) Guards within 4 in. of nearest moving part: No. 
18 gage, 34-in, mesh. (2) 
Guards not included in (1): №. 
13 gage, 14-in. mesh. 

b. Seams and Joints, See Fig. 
8 for permissible methods. 

c. Edges and Corners. No 
exposed edges or corners where 
metal has been cut to be left 
unprotected (see Fig. 8, for per- 
missible methods), Roughest 
side of metal to be placed in- 
ward. All metal to be dipped 
or painted. 

4, Framework. АП guards 
to have supporting framework of w 
not lighter than 13440. iron U-Edging for 

ipe; not lighter than 1 by 1 by Metal to Pipe framework Protecting Rough 
1g-in. angle iron; not lighter а Mehl 


than 1 by goin. strap iron. Mice 
Angle and strap-iron frames to Р 
be made up by welding or with Bes 
rivets or bolts. If bolts are used, 3 
corners of large guards to be y tg 
braced with angles or gussets. chi ета ABE 
The strength of framework Expanded etalon © © © 
to be proportioned to size of Angle ron Framework 
guard, Fra. 8. —Framework for expanded metal guards, 


See Fig. 8, (3), (5) and (6) for 
methods of fastening expanded metal to framework. 

e. Clearance from Moving Parts. While 2-in. is shown as minimum in 
‘Tables 14, 15, and 16, 4-in. should be used if possible. 

Cast-iron Guards. This type of guard is frequently provided on manu- 
factured machinery and is satisfactory if providing complete protection, 

Woven Wire-mesh Guards. Where used, the following specifications 
to be observed 

а, Guards within 4 in. of nearest moving part: }4-in, mesh, wire not smaller than 
0:003 in. diameter. 

û. Guards not included in (a): 1-10, mesh, wire not smaller than 0.105 in. diameter, 
Should be galyanized or painted. General construction to conform with that 
specified for expanded metal. 

Wooden Guards. a. Material. 

Distance of Guard 
from Nearest Mov- 
ing Point, In. Construction 
6 or Їезв..,.................-++- Solid panels, not less than 34 in, thick, 
Over 6. + Solid panels not less than 34 in, thick 
or slate not less than 74 by 2 in. with 
not over 114 in. between slats and not 
over 4 ft. 0 in. unsupported length. 
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As far as practicable to be of sound, straight-grained stock, free from knots 
and cracks, and all exposed surfaces dressed. 

b. Construction. No nails to be used for securing removable permanent 
guards to structure or machine. Where explosive dusts are present, tongue- 
and-groove boards should not be used and all seams and cracks should be 
filled. 

с. Edges and Corners. Edges and corners to be beveled. 

4. Framework. The use of a framework is recommended for paneled 
guards and is necessary for slatted guards. Stock should be not less than 
134 by 115 in. or equivalent for small guards. Where metal is not objection- 
able, the use of angle braces for reinforcement and for securing to structure 
or machine is recommended. 

е. Painting. Permanent wooden guards exp 
receive at least two coats of acid-resisting paint. 

Method of Securing to Structures, Machines, Etc. Guards protect- 
ing parts which must be frequently repaired or adjusted to be applied so that 
they are readily remoyable and readily replaceable. Such guards to be 
strong enough to retain their shape when removed. If sheet-metal or 
built-up metal guards for this purpose have their edges fastened to the 
structure, machine, ete., these edges must be reinforced with angle or strap 
iron for their full length. 

Nails or staples not to be used for attaching metal guards. Use bolts, 
screws, or sockets. No unreinforced sheet, metal is to be used for supporting 
guard unless washers are placed under heads of bolts and screws. 


ed to acid fumes should 


Table 11. Design of Railing Guards. (0) Material and Sizes 


| Minimum requirements 
Project | = Te ма 
[Tio railings leon liga] Wood satinga 
Height of top rail above floor arn. 4. аһ. 


Height of center of mid-rail aliove Hoor. 21 in. 21 in. 21 in. 


Spacing of posts or stanchion Bit, Bft, Bit, 
Sine of posta. туча. pipe | 2X 2x Min. | 2х4. 
Sine of top-rail. «i liim pipe | 2X2 X Hin | 2X 4 in. 
Size of mid-rail Vein. pipe | АХ в. (1X 6 in. (Full) 


6 
| (strap irony | oF 2x6 


The изе of railings without mid-rail is not permissible. 

Toeboards. Iron toeboards to be 14 by 6 in. on edge; wood toeboards to 
be 1 by біп. on edge; concrete toeboards (curbing) to be at least 4 in. wide by 
6 in high, bonded їп. 

Where toeboards are objectionable from their tendency to collect snow or 
ingredients, they may ђе raised a maximum of 1 in. above the platform. 

b. Pipe Railings. Screwed fittings to be used. Where subject to rough 
usage, as on trestles, posts should be 2 in. 

с. Angle-iron Railings. All joints riveted, bolted or welded. The use of 
angle iron where expanded metal is used as filler is recommended as prefer- 
able to iron pipe. 

4. Wood Railings. Material to be sound. Hand and mid-rails to be 
dressed on all four sides, and edges of hand rails beveled. Hand rails to be 
set with longer dimension horizontal. Posts to be set with longer dimension 
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perpendieular to hand rail. Where subject to rough usage or where iron 
pipe or cable is used for hand or mid-rails, posts to be at least 4 by 4 in. 

Method of Securing to Structures. Pipe and angle-iron railings to be 
secured as follows: 


а. To wood by flanges or angles secured by lag or through-bolts. 
by sockets at least 4 in. deep, securely fastened down by flanges, 
by socketing in holes bored through timbers not less than 4 in. thick, 
provided that a flange or similar device is employed to keep the post. 
from slipping down. 
b, To concrete by setting in the concrete at least б in. deep when poured. 
by drilling at least 6 in. deep and grouting with cement grit, 
by flanges secured through multiplex floors by bolts. 
by sockets at least 6 in. deep set in or grouted into the concrete. 
©. To brickwork by flanges secured by through-bolts. 
by drilling to a sufficient depth and setting in pipe or flange with 
anchor bolts and conerete, 
d. То metal work by flanges with through-bolta or riveta. 
by sockets at least 4 in. deep, bolted or riveted. 


ston pp 


ga 
pre XT Maximum 8' 

JR 6" feebowrd. 
UU 
m 
Standard Double Pipe Railing 
reared out ar through 


оаа be leg 
| [болениесй when Poor 
ape \ rd 


poiar 


PUB or Pa" 


ЈЕ 
ad "Wooden Fo 
у (2) “il 
Methods of Securing Structures 
2 PUES e ү Ыра: 
Е | i CRI. 
een Hed ie 
EH ате АМИ рз RE TaN 
octet ag seven ч У 
e PEE TNG" о“ Анал feor т 
меку G) “ела 
Standard Double Angle Iron Railing Methods of Bracing Wooden Railing 
го. 9,— Methods of securing railing to Fic. 10.—Methods of securing wood 
structures, railings to structures. 


The Following Methods Are Not to Be Employed. Tattening pipe, 
drilling, and bolting; fastening flanges with nails or wood screws, with bolts set 
in lead, with screws set in wooden plugs, or with expansion bolts. 

Wooden railings are to be secured as follows: 


By nailing only where at least 12 in. bearing surface on cross-timbers may be secured. 


See Fig. 10. 
By nailing where at least 4 in. bearing surface on cross-timbers may be secured together 


with one diagonal bracing on each post. See Fig. 10. 
By toe nailing only where post may be rigidly braced. Post bracing must not project 
into footways. 


EQUIPMENT 2593 


Fillers. Expanded metal, sheet and perforated metal to be used for 
filling in railings. Method of attachment is shown in Fig. 8 (3), (5), and (6). 
U edging is recommended for binding the edges of expanded metal. 

Toeboards (as protection for machinery). To be used where a alip or 
projection of the foot under the railing would bring about a close proximity 
to moving machinery and around the edges of belt pits and belt openings. 


Guards for Belts and Pulleys 


General Protection. All belts and pulleys within 7 ft. 0 in. of ground, 
floor, platforms, stairs, and walkways to be protected against contact. 
Minimum requirements for guarding are given in 


Table 14. Guarding § le Vertical Belt Drives, 
Table 15. Guarding Specifications for Simple Inclined Belt Drives. 
Table 16. Guarding Specifications for Simple Horizontal Belt Drives, 


Where more than one drive is protected by the same railing or closed 
guard, the protection must conform to the minimum requirements for any 
of the enclosed drives. 

Passage through Belts. To be prevented by installation of railings or 
closed guards. Where absolutely essential, a railed passageway not less 
than 36 in. wide between upper and 
lower run of belt may be provided, to 
have solid floor and to be completely 
closed with expanded metal on sides 
and top and carried out to side railings. 
Side railings along belt must be filled 29 
with expanded metal from floor or I 
toebonrd to top of railing for a distance 
of 36 in. on each side of passageway, if 
within 36 in. of belt. See Fig. 11 (1). SS 

Passage over Belts. To be avoided $ 
as far пв practicable. Where unavoida- НИТ 
ble, double railed steps at least 30 in. 
wide with solid riser or backing, leading 
up to a double railed platform at least 
36 in. long to be provided over belt. 
In the case of belts 18 in, in width 
or over, railings to be filled in (expanded 
metal, ete.); otherwise toeboards to be 
installed. See Fig. 11 (2). 

Protection against Belt Breakage. 
Belt barriers for very high speed belts 
not generally recommended because of 
the probability of their being thrown. Fre. 11.—Arranzement of passages 
‘Where used, to be firmly anchored to through belta and over belts. 
floor only. 

Routes* and stations} as well as important control centers, such as switch- 
boards and grouped steam valves, and, in general, any equipment the break- 


Passage over Belt 


+ Refers to general paths, passages, walkways, exits, stairs, Тад ега or aisles used fre- 
quently Бу није employes and others. > 

T Refers to regular working stations of employes where they are apt to remain for 
some time—including work benches, desks, lunch tables, lavatories, bulletin boards and 
similar congregating places. 
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ing of which would cause a serious accident should not be located under or in 
direct line with heavy high-speed belts. Where this is unavoidable, the 
following protection to be applied: 


Belt width | Belt speed. | protection End protection 


Any None 
3000 ft. per | Continuous Welt 
min.andover| _ trough 
А Any | Continuous trough 


Up to and including 8 in. or over 18 In. 
8 to 12 in,, їшйшүө,.....................у 


Over 12 în., and up to and Including 18 in. ilt barriers 


s with adjustable belt tightener pulleys to 


Belt barriers to consist of structural steel with vertical members extending 
from floor to not less than 24 in. above run of belt. Maximum height of 
barrier, 84 in. Barriers to be 
securely braced or stayed. 

Belt Clearance. A clearance 
exceeding the width of the belt by 
one-fifth to be provided between 
одао of pulley and structures and belt Fereh for Horizontal Bets Belt Hanger 
between edge of pulley and bearings Cora for rekesing kih — 3 
or stationary objects. Overhead (e ii] po 22b тен 
belts that ure frequently removed Мр li 
from the pulleys and allowed to a Б 
hang on the shaíting should be pro- лей trait | 
vided with belt perches, See Fig. seg pasion | | Side Elev.(4) End Elev. 
12 (1) and (2), Belt Shifter Side Shield for Pulley 

Belt Lacing. Metallic belt LockingDevice Close to Bearing 
lacing or fasteners not to be used И 
on hand-shifted belta. 

Pulley Speeds and Mainte- 
nance. Maximum permissiblerim J 
speed of pulleys or flywheels varies г ContinuousShaft Î For Shaft End 
with the material used and type of ри, до. Веі perches, clenrunoes, 3 
construction but in general should 7" 127 Belt perches, clearances, and side 
not be in excess of 3000 ft. per min. 
‘or cast-iron flange-jointed wheels, 4700 ft. per min, for cast-iron link-jointed 
wheels, and 6000 ft. per min. for solid cast-iron wheels, 

Laminated wood pulleys not to be installed or run where continually sub- 
fected to the action of moisture. 

Pulleys not regularly in use to be removed from shafting, etc, which is 
in continued operation. 

The use of short, heavy dri 
be avoided wherever practicable, 

Belt guides of any character (except special pulleys designed for the pur- 
pose) not to be installed for the purpose of keeping belts on pulleys or keeping 
belts from working off into contact with other objecta. 


Belt Shifters and Clutches 

Provision. If in a group drive it is necessary to stop the individual 
units in the course of normal operation or for frequent adjustment, sufficient 
tight and loose pulleys with belt shifters, clutches, etc., to be installed to 
obviate the necessity of throwing belts on or off moving pulleys by hand. 
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Arrangement. Control levers, etc., to be accessible from a safe position 
outside railings or guards and located where not readily exposed to accidental 
contact. All control levers, ete., to automatically lock themselves in the 
off position and to be arranged for permanent locking in this position by means 
of a padlock. See Figs. 12 (3) and 14. 

Tight and loose pulleys to be arranged so that the loose pulley is readily 
accessible for lubrication. 

Belt shifters and clutches controlling the transmission of power to rooms 
other than those in which they are located to have extension controls in 
such rooms, arranged for padlocking in the off position. 

Belt shifters, clutches, etc., controlling the motion of such machines as 
mixing rolls, calenders, and pickers, which, while їй motion, are fed by hand 


from a point close to the intake, to 
have control within easy reach of ‘Stet meto! burol guard screwed 


TORO) 


the operator's working position. 
In the case of group drives, group 


control to be within easy reach of 77 
operators of all machines in the БЫ Safely Hage Coping 
group, For Flange Shaft Coupling 

Guarding. Friction clutches, —— | 
unless of the safety type (no revolv- ETE " bé» 
ing projections whatsoever), to be ДЕ 
completely enclosed. See Fig. 13 „Safety Shaft Couplin 
Ghee bal ji Е atl nulls 


Gear and Friction Drives. 
Guarding. All power-driven or 
hand-operated gears or friction 6) 
drives up to 6 ft. 0 in. in diameter, Реј R тен 


wherever located, to be completely е? saver heet etit 
enclosed па specified under “Use ` guard. 
and Design of Closed Guards." ~ 
Provisions for oiling and greasing to Cc 

be made. Gears over 6 ft.-0 in. in Quar er turn 
diameter constitute special cases C) Guards tor EndafShatt (8) 


which must be considered on their pg, 13.—Guarding clutches, couplings, and 
own merits, Where it is impr: shaft enda. 


eable to totally enclose them, pinion 
and point of mesh shonld be covered and operators or oilers protected from 
contact with gear teeth and spokes. 

Where frequent adjustments are necessary with the machinery in motion 
the installation of a railing or general guard, protecting other moving parta 
as well as the gears, does not obviate the necessity of separately enclosing the 
gears. 

Chain and Sprocket Drives. Guarding. All hand-operated or power- 
driven chain and sprocket drives to be protected as specified for belts and 
pulleys. 

Sprocket chains located over 7 ft. above routes and stations, which in 
breaking would endanger those beneath, to be provided with troughs or 
netting. 

Provisions for oiling and greasing to be made. 

Rope and Cable Drives. Guarding. To be protected as specified for 
belts and pulleys. 
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Shafting 

Revolving Projections. No projecting setscrews, bolts, ki on 
shafting, pulleys, gears, etc., unless protected by closed guards (not railings). 
See Fig. 13 (1) and (5). Safety couplings (flanged) and safety collars 
without guards are permissible if bolts and setscrews do not project, beyond 
flanges. 

Ends of shafts and arbors which project beyond bearings, ete, to be cut 
off flush or completely enclosed, See Fig. 13 (7 and 8). Absolutely smooth 
shafts over 2 in. in diameter without keyways are allowed an unguarded 
projection beyond bearing of not over 1 in 

Guarding Vertical and Inclined Shafts. All vertical or inclined shafts 
(regardless of speed) which are exposed to contact to be protected in either of 
the following ways: 


а. By sheet or expanded metal enclosure covering all exposed portions up to 6 ft, above 
ground, floor, platform, walkway, ete. 

b. Protection on all exposed sides by standard 42-in. double railing located not lean 
than 36 in. away from shaft. 


Guarding Horizontal Shafts. All horizontal shafts within 7 ft, 0 in. of 
ground, floor, platform, walkway, etc. to be protected against contact. 
Minimum requirements for guarding are given in Table 17 and Fig. 28, 

Guarding Pulleys on Horizontal Shafting. Protection to be applied 
in accordance with Tables 14, 15, and 16 combined with Table 17, 

In the case of line shafting protected by open railings, it is permissible for 
the face of large pulleys to be within 6 in. (horizontal distance) of i 
provided sides of 
pulleys and especially 
the on-running points 
of the belts are prop- 
erly protected. 

Where the sides of 
pulleys on shafts from 
24 in. below the floor 
or platform to 66 in. 
above are closer than 
12 in. (horizontal dis- 
tance) to the bearing, Fic. 14.—GQGuards for line ahafting and pulleys, 
side shields must be 
installed. Where the sides of pulleys on shafts more than 66 in, above the 
floor or platform are closer than 18 in. to the bearing, side shields must he 
installed. See Fig. 12 (4). 

Side shields must cover at least one-half (180°) the side of pulleys up to 48 
in. diam. and should extend out at least 2 in. beyond the face of the pulley and 
4 in. beyond the bearing. On pulleys oiled from above the shield is to cover 
the upper half on the horizontal diameter. On pulleys oiled from the side or 
from below, the shield is to cover the nearer bali on the vertical diameter 
except that in ease of exposure on both sides of shaft, entire side is t0 be 
covered. In relation to the edge of the pulley, shields should be either located 
with an intervening space exceeding the width of the belt by one-fifth, or 
located within 2 in. or less of the pulley. 

For arrangement of side shields and for guarding of typical line shutting, 


see Vig. 14. 
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Protection against Falling and Slipping 


Elevated Platforms, Walkways, Etc. 


Railings, Standard railings to be installed on all open sides and ends 
from which there is a vertical drop of 4 ft. 0 in. or more. Railings may Бо 
desirable at even lesser heights under special conditions. 

Toeboards. То be installed 


e of platforms, walkways, floor openings, etc., from which 
0 in, or more. 


а. On railings set at the 
there is a vertical drop of 


inery, open tanks of hot or corrosive liquids. 


Fillers. Fillers between platform and mid-rail or platform and top rail 
are desirable under special conditions—for instance, on fire escapes and aa 
protection against moving machinery. 


Floors, Platforms, Paths, and Roadways 
Slipping Hazards. Where grease, caustic, graphite, sawdust (on wood 
floors), paraffin, etc., contribute toward slippery conditions, choice of surfacing 
to receive careful consideration and 
non-slip material, such as feralun, lead, 


rubber matting, and expanded metal, {роль metal mesh 
to be inserted where necessary and Was клей 
practicable, especially at all dangerous ан helel clown 


hand-fed machines (calenders, circular 
saws, jointers, ete.). See Fig. 15 (1). 

Floor Plates. Floor plates, flush 
covers, trapdoors, etc., to be set flush 
with the floor with no projecting fit- 
tings. Smooth metal not to be used 
for this purpose. 

Gratings. As fur as possible to be 
sot with parallel members across the 
direction of travel, especially at emer- 
gency exits, Ample bearing surface to 
be provided, and gratings to be pre- 
vented from shifting. 25 

Changes in Level. Abrupt minor Fie nosing 
changes in floor level to be avoided. / 

Where existing or unavoidable to be 
trented as follows: А 
(3) Stairdimensions 
—Protection of floors, roadways, 
and platforms. 


Non-Slip Floor Mat of Expanded Metal 


"Ticklers" ovar Tracks 
Wialth not 


а. By railing to prevent passage across 
the obstruction, 

b. By installing inclines at an angle of 
not over 20° with the horizontal. 

с. By steps. If difference in level is between 0 and 10 in., which may be considered 
аз one step, а 134-in. projection or “nosing” should be provided slong ite edge, 


Trenches and Excavations. Floor openings, trenches, excavations, 
е. of в temporary nature to be clearly indicated, if necessary by railing or 
roping off during the day with the addition of temporary lights after dark if 
aren is not thoroughly illuminated, All permanent openings of this character 
inside buildings or across regular routes outside to be covered or fenced off. 
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Traps and Hatches. То be 
provided with flush doors or covers, 
having swinging guarda with stops to 
hold them open in a position some- 
what beyond the vertical [see Fig. 16 
(D] or to be protected on at least 
three sides by railings with toeboards, 
ete. See Fig. 16 (2). Traps and 
hatches set flush in platforms, floors 
or other footways to be protected by 
fixed or hinged grids with strong bars 
not over 6 in. apart, in addition to the 
trapdoors or covers, unless standard 
railing protection is provided, 
Where materials are discharged 
through such grids, bars may be 
placed farther apart, but should be 
as near 6 in, as practicable, 

Foot Clearance for Footways. 
Piping, valves, stenmtraps, diagonal 
braces, guys, ete., not to project into 
footways from the side or through the 
floor to form tripping hazards. 
Where unavoidable, their presence to 
be indicated by railings or by fender 
boards or markers, painted white and 
at least 3 ft. 6 in. high. See Fig. 16 
(4). The boundaries of aisles in 
shops and manufacturing buildings, 
the floors of which may be congested, 
should be denoted by painting 4-in. 
stripes of white paint on the floor; 
materials and trucks not in actifal 
use should be kept back from the 
areas во indicated. 

Piping on Floors. Piping 
should not be installed across routes 
either on ог just above the floor. 
Where unavoidable steps or inclines 
are to be provided ва shown in Fig. 
17 (2), (3), (4) 

Projections into Footways. 
Equipment to be arranged to avoid 
the projection into footways of such 
obstacles as clutch and belt-shifter 
levers, post indicator and hydrant 
wrenches, valve stems, etc. Where 
unavoidable, they are to be guarded 
by railings or indicated by fender 
boards, ete; Valve wheels to be 
used instead of inverted L- or T- 
extension valve handles. 

Lighting. Ample natural or 
artificial lighting to be provided 
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F 
EEE 
332 boars painted white hung of chains on 
20/5 sides of pipe or other obstruction which 
abes nof afford 616" head clearance 

Side Elevation End Elevation 
Warning Ticklers to Indicate Insufficient Head 


Clearance over Боја 
болове. board Printed whit 
(едй This position сот 
SEE stitutes а collision 
IB E hazard 
pi fa | -This position com 
| lm! еру 
Side End Side СТТ" End 
Elev. Elev. Elevation Elevation 


Fender Beard or Pipe Railing to indicate 
Tipping end соот Hazards 
(4 


Fro. 10.—Hatohway protection and gunrdn 
for tripping hazards. 


(0 Guy Wire Guarded Against Tripping and Collision 


Vig resing, јаја Minimum 
бе ЗЫ 
Ао" 
(2) Бег Бога over Pipes One Step сини Pipes (3) 


401 


When Top of Pipe is Less When Topof Pipe is Sti" 
Than &'aboveFleor ^ above Floor 


At least 


Side Elevation (4) End Elevation 
teps over Pipes When Top of 
Pipe is More Than l0"above Floor 


Fro. 17.—Protection for some hazards of 


tripping. 
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and maintained for routes and footways, stairs, exits, and where any of the 
foregoing obstacles to safe travel are present, Such lights to be so arranged 
that deep shadows and glare are minimized. 


Stairs 

Angle. Angle with the horizontal should not exceed 45°; best angle, 35°. 

Risers and Treads. Height of riser [see Fig. 15 (8)] should not exceed 
9 in, and be preferably 8 іп. All risers must be equal, including first step 
above and below floors. Width of tread should be not less than 9 in. and 
preferably 10 in. Nosing to be not less than 34 in. or more than 14 in. АН 
treads and nosings must be equal. Best practice gives sum of riser and 
tread (exclusive of nosing) ав 1714 іп. 


‘Table 12. Angles for Various Risers and Treads 


T T 
Riser, | "read, | Angle of sta 
in. | №. "| with horizon 


вв | 9 35° 50 
10 33 2 
n 30, 38, 
2 ж 
7 3 37° 53" 
10 35° 0 
"n эт 
| в 30° 157 
7A | 9 ir 
10 36° 57 
n жле 
2 
в 9 
10 
n 
2 
и | ° 
| n 
n 
12 
9 9 
10 
и 
2 


Width of Stairs, Width of stairs consisting of over three steps should be 
not less than 36 in. Special stairways for infrequent use (oiling walkways, 
ete.) may be narrower but should not be less than 30 in. 

Landings. Length and width to be not less than width of stairs. Spiral 
stairs and winders (steps set at an angle to the main flight) not permissible on 
new construction. Landing platform or clear space at least 36 in. deep to be 
provided at the foot of all stairs. 

Doors. No doorways with doors hung to swing toward stairs excopt where 
stair platform at least 36 in. wide is provided. Door sills should be on same 
level as platform. Doors to be arranged to swing back so as not to block 
platform or stairs extending to upper landings. 

Material and Construction. а. Wood. Treads not less than 1-in. board, 
clear sound stock, securely nailed. Treads to be supported directly by side 
members and not by cleats nailed to same or to wall. Front edges of treads to 
be slightly rounded. No cleats or other projections on treads are permissible. 
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$. Metal. Treads of smooth metal or parallel rods not permissible. Metal 
stairs with narrow treads (less than 9 in.) are classed as ladders and should 
not be used except at angles less than 65° with the horizontal. Except in 
special cases (step ladders, engine-room ladders, ete.) they are objectionable 
and round-rung ladders are preferred. 

с. Conerete. Trends should be roughened, preferably by mixing in abrasive 
materials, unless (ая is desirable on much used stairways). patented non-slip 
treads are installed. 

Railings. Handrails with mid-rails to be provided as specified for plat- 
forms and walkways. Standard height of railings: 42 in, above center 
vf tread. Lower posts should ђе set at extreme bottom of stairs with hand- 
und mid-rail terminated at this point, thus avoiding dangerous projections, 
Stairways built against the wall to have outside railing and if 4 ft, or more in 
width to have inside handrail with 3 in. clearance from wall. Completely 
enclosed stairways to have at least one handrail and if over 4 ft, in width, 
handrails on both sides. If в space is left between side of stairs and wall, 
complete double railing to be provided. Зее Fig. 15 (3). 

If materials are piled around stair wells, railings should be entirely filled 
or stairwell enclosed. 


SAFETY AND FIRE PROTECTION 


Ladders 


General Use. For continuous operation or frequent attendance, stairs 
should be installed in preference to ladders wherever practicable. Ladders 
should not be used for emergency exit. 

Specifications for Iron or Steel 
Ladders (Fixed Ladders). а, String- 
ers. Not less than 2 by Mj in. or 
equivalent, Iron pipe should not be 
used for stringers. Width between 
stringers not less than 14 in, Sharp 
edges, burrs, ete., to be removed. 

b. Rungs. Notless than 24-in. diam. 
round bar to be used. Rungs to be 
spaced uniformly not less than 12 in. or 
more than 15 in. center-to-center. То 
be smooth and secured against turning. 

c. Splice Plates. Cross section 
equivalent to stringers. То be double 
riveted or bolted to stringers. 

d. Brackets. Cross section of sup- 
porting brackets to be at t equiva- 
lent to cross section of stringers. То 
be riveted or bolted to stringers and 
structure. Brackets to be spaced not 
more than 10 ít. center-to-center, 
except in the case of ladders 14 ft. or 
less in length. 

e. Stack and Elevated Tank Ladders. U-bars without stringers are permissi- 
ble for stack ladders but are not recommended for use elsewhere. Diagonal 
bracing (lattice) on structural steel of elevated tanks, ete., not to be accepted 
аз equivalent to a ladder. Elevated tank ladders not to be carried up outside 
of baleony but through а hatchway provided for the purpose. Fig. 18. 


Tro. 18— Arrangement of ladders on 
elevated tanks, 
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У. Ladders with Flat Tread: Not to be used except on special work such 
ва engine rooms. Vertical distance between treads should not exceed 10 in., 
and width of treads should-not be less than 4!4 in. Angle of ladder should not 
exceed 65°. Handrails to be provided. 

Placing of Permanently Fixed Ladders. а. Angle. Ladders should 
not be set at less than 70° with the horizontal. 

b. Length. Where practicable, ladders over 30 ft. in length which are 
used frequently should be broken by installing one or more platforms. 1% 
is further recommended that such ladders, if vertical, be equipped with cages 
of vertical slats surrounding them. бее Fig. 19 (2). 


ег Clearance. Minimum permissible cl ce for stationary ladders: 
Table 13 

Clearance, back of rungs (to structare) ^in. (7-8 in. preferable) 

Clearance, front of rungs. 30 in. ( З in. preferable) 

Clearance, side of stringers . ` 3in.( біп. preferable) 


ing, pulleys, 


Clearance from any part of ladder to shal 


ete. REST 86 їп. unless same are enclosed. 


d. Cleating and Bracing. Ladders to be securely fastened at top and at 
every 10 ft. of length, 
e. Platforma and Halehways, As far as practicable ladders to be so placed 
that а rung is directly opposite the platform le See Figs. 19 and 20, 
Carrying aller, 


through plrtion 
preferable 


Platform for Ladders 


Platform with 
Ladder Outside 


= 
V" Platform for Ladder 


Over 0t и Length “Note: this rung 
Lodder Through 2200 at hake way 
Platform andl Ladder рау. level 


Cages Open Ladder Hatchway 


Tre. 19.—Arrangement of ladders at Fic. 20—Arrangement of ladders nt 
platforms. hatchways and platforms. 


Stringers to extend 42 in. above the platform at which they terminate. 
If in special enses this is impracticable, suitable hand grips to be provided. 
If both stringers rest directly against the outside edge of the platform at. 
which they terminate, the rungs are to be omitted above the platform and 
the railings are to terminate close to the side of each stringer. In this case 
the inside width of the ladder at the top must be at least 14 in. If ladder is 
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placed.at right angles to railing, a 24-in. opening in the railing should. be left 
at one side for access. See Fig. 19 (1) and Fig. 20 (1). 

Ladders carried continuously up through intermediate platforms should, 
wherever practicable, pass through hatchways rather than outside the balcony 
railing, unless ladder is provided with cage. 

All open-ladder hatchways to be protected on three sides with standard 
railing and toeboard. The opening in the railing is to be on the less exposed 
of the two sides next the ladder. See Fig, 20 (2). 

Portable Ladders (Straight Side, Round-rung Wooden Ladders). 
а. Length. Maximum length 30 ft. 

b. Non-slip Feet, All portable ladders to be shod with spikes, sharpened 
points, or safety feet securely fastened. Where ladders are used exclusively 
on shafting at п uniform height, metal 
shafting hooks may be substituted. be covered with rubber 
See Fig. 21 (1), (2), (8), and (4). y mir ws) 


Norm. Portable ladders are unsafe when 
resting on metal flooring. They should be 
secured or held. 


е. Portable ladders for permanent 
use in certain buildings should be 
clearly marked with the name of the 
building, [n] 

Step-ladders. Not to exceed 15 ft. Hooks fer Tops. 
in length, to be of substantial construi Portable (ters ыы 
tion and are to be provided with rigid 
automatic braces between both pairs of کی‎ а ааа 
front nnd back rails. For every foot 
of length they should be at least - 
1 in. wider at the bottom than at the 


top. 4 
Inclines, Gangplanks, and (3) Contact Surface сё 

Wheeling Walks, Designand Con- ` FeralunSafety Feralun Safe! 

struction. a. Width to be not less Ladder Feet Ladder Fo: 


than 30 in, and angle not greater than Fra. 21.—Types of safety feet for ladders. 
20° with the horizontal. 

b. Permanent or temporarily fixed inclines or wheeling walks to be railed 
as provided for platforms. Where absolutely necessary for unloading bales, 
ete., removable rails, gates, or chains may be introduced. Where trucks or 
barrows are used, inclines, ete., to be at least 36 in. in width with guard-rails 
at least 4 in. high securely fastened to flooring; floor boards are to be properly 
secured against spreading. See Fig. 7 (3). For double trucking a width of 
at least 60 in. should be provided. 

с. Movable gangplanks to be cleated or otherwise secured to prevent 
shifting. See Fig. 7 (2). Smooth metal not to be used for gangplanks. 

Skids. Permanent skids used for receiving or storage of drums or barrels, 
which are elevated above the ground or floor, are to be planked solid between 
each pair of rails. Between each pair of skids a 12-in. running board should 
be provided and the clearance between the ends of drums at this point should 
not be less than 12 in. See 22 (1). 

Tanks, Vats, and Pans. Location. At least 36 in. separation to be 
provided from open containers of hot, corrosive, or otherwise dangerous 
liquids to routes passing alongside and 72 in. separation to stations. Passage- 
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ways between two rows of open containers or between a row of open containers 
and wall, railing, etc., to be at least 72 in. wide. 

Protection of Routes and Stations below Tanks. Routes or stations 
should not be situated directly below 
open containers of hot, corrosive, or ^ 4 аве- эр2) 
L4 


otherwise dangerous liquids, or where 
subject to their leakage or overflow. 
Where this cannot be avoided, they are 
to be protected by roofs, tight floors, zy 
pans, etc., properly drained to discharge @ 
to а safe point or by the provision of ^ Permanent Skids for Drums 
adequate overflow pipes or gutters, or, if 
necessary, by both, 

Unused spaces directly below any 
tanks containing hot, corrosive, or other- 
wise dangerous liquids to be railed off 
and standard danger signs posted. Such 
railings should be located 72 in. out from 
outermost edges of tanks or platform 
overhénd. See Fig. 22 (2). 

Railings and Curbs. а. No open 
tanks, vats, or pans to be installed with 
upper edge less than 6 їп. above the 
adjacent floor level. 

b. Open tanks, vats, or pans over 5 ft. 0 
in. in diameter (or, if rectangular, over 4 F!9- 22.—Arrangement of drum skids 
ft. O in, in width or length) to have upper jad ing rn аны 
edges at least 36 in. above adjacent floor level or to be protected on all accessi 
ble sides by standard railings, covers, or hoods. Where operating conditions 
permit, the upper edges of 
such tanks not otherwise 
protected should be at least 
3 ft. 0 in, above the ad- 
jacent floor level. L Not Yo 

с. Where necessary for а exceed 24" 
filling, sampling, etc., such 3 
railings may be broken with 
offsets or inclined sections, 
provided that distance be- 
tween top of tank and mid- 


rail and between mid-rail is 
and top rail is not greater 
than 24 in. Or tanks may | 
— اا‎ 


ће traversed by walkways 2 
жей. as, Railings around Tanks, Arranged for Sampling and Спогајна 


with standard railings, 
Gates or chains may ђе F10- 23—Arrangement for railings and curbs around 
У open tanks, 


introduced into railings 
only where absolutely necessary and then are to be permanently secured so 
as to be movable but not removable (see Fig. 

Walkways and Platforms. a. To be provided on or above any tanks 
for reaching bearings, valves, and other appliances, so that it will be unneces- 
sary in the course of normal operation and attendance to step or stand 
directly on any tank or to place ladders close to open tanks. 


px 

‘Sign, Danger, walking or hanging of а 

абаттан Wl Sp Obie 

(2) Space below Tanks Containing Hot 
or Corrosive Liquids Ralled aff 
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b. И directly over any uncovered portion of a tank containing hot, corro- 
sive, or otherwise dangerous liquids, to be provided with standard mailings 
with toebourds, and, if necessary, with splash boards. 

c. Walkways over 30 ít. 0 in. in length, passing over or close to tanks 
containing hot, corrosive, or otherwise dangerous liquids should be provided 
with facilities for escape at both ends, Wherever practicable, steps, rather 
than ladders, should be installed for this 
purpose and are to be located where not 
subjected to splash, leakage, or overflow, 

4. Permanent ladders are not ta be 
Tocated close to the sides of tanks contain- 
ing hot, corrosive, or otherwise dangerous 
liquids for purposes of observation or st- 
tendance. For such uses or for the opera- 
tion of isolated neid and caustic valves 
frequently operated, small platforms at 
least 36 in, wide should be installed pro- 
vided with ladder or preferably with stairs 
lending away from side of tank or valves, 
See Fig, 24. 

e. Where repairs, cleaning, otc., are of 
frequent occurrence, suitable permanent 
platforms or walkways to be provided for 
this purpose. 

Location of Controlling Devices, 
Valves, belt shifters, cluteh levers, and 
other controlling devices to be located at d | 
least 36 in. away from edges of tanks con- __ Operating Platform for Observation 
taining hot, corrosive, or otherwise danger- руа, s4. platform for observing 
ous liquids, unless provided with extension ^ ~ ERU 
control operated from a similar distance 
or positively protected from splash or overflow. The addition of an emergency 
valve as a substitute for relocating or extending the control of the regular 
ing valve is not permissible. 


Tables 


Tables 14 to 17 give the minimum requirements for all permissible guarding 
of simple vertical, inclined, and horizontal belt drives and horizontal shafting, 
respectively. For each relation of pulleys to each other or to the floor, 
ete., all permissible arrangements of guards are given in tabular form, each 
illustrated diagrammatically by sketch on the corresponding Figs. 25 to 28. 
The choice of best arrangement for any given case must depend on local 
conditions, but for new work, as a rule, preference should be given the closed 
guard over the railing. Information on the standard materials and detailed 
construction of these guards and railings is contained in the foregoing text. 
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Fro. 25.—Guarding of simple vertical belt drives. 
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Fra. 26.—Guarding of simple inclined belt drives. 
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Fia. 27.—Guarding of simple horizontal belt drives. 
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Fra, 25.—Guarding of horizontal shafting. 
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Closed Systems. In the design of process equipment which is to handle 
corrosive, poisonous, or otherwise dangerous substances, preference should 
always be given to closed systems. Where this is not possible, particularly 
in the case of poisonous dust or gas, special ventilating units which remove 
the harmful substance at the point of origin should be considered. 

Flammable Liquids. The storage and handling of volatile, flammable 
liquids require that certain precautions be taken to minimize the hazard. 
The inherent fire and explosion hazard. depends not only on its flash point, 
but also upon the apparent ignition temperature, explosive range, vapor 
density with respect to air, diffusibility of the vapor in air, ete. While data 
on these properties are incomplete at the present time, and those published 
by different authorities vary, the following table indicates the relative hazard 
of certain liquids (see also pp. 2914 to 2916). 


Table 18. Fire Hazard of Flammable Liquids and Gases* 


Explosive range 
Flash, 
тай point, 
"р. 
Аав, Billie] 94а | 98 1055 | 23 114 | 30 
Adlon. а <4 to 36,1118 -1235 | 20 | 9,0-13.0) 2.0 
Altohol, Ау 79 to 1071 660 —856 | 148 |......../ 50% 
Aloohol, Methyl... 0.22: | 30090] муў 55-705 235.3 112 
Alcohol, Ethyl (absolute) 2] 51 to 70 | 737 — в50 [28-40 | 9,5-17,0] 163 
Acetylone, ...-. { 762.8- 824 |25 - 2.6 550-8210] 0.898 
Beurlne. .. Souk Ziwi | “йз [14223 [48-59] 4.4 
Benzol (benzeno) : 16 to 50 | 932 —1079 |141- 27 | 6.3- 8,0] 2.77 
Butane... à | eos [5-19 60-85 20% 
Carbon bisulfide, 2202000. о <4) 212 — 275 00-10% 500 | 26 
Ether, Ethyl... — 0029 | 356 — 398 10-17 6,0480 2.565 
ane : 950 -1166 30—33 [10.6150] 103 
НЕ 2: [1007.6-1016.63.0 — 3:4 [34:0-350| 097 
hylene glycol... у 2327 |75 -95 | 32 seu 2M 
Ethyl chloride. ...-.-- 7t0 0 era fiiia] 2122 
Formaldehyde. рећи 90 40 1,6 | 10 
‘Gasoline (casinghead) ....- =10 to 20 | 4j | 13 60 
Gasoline (moto)... [os [ss -s 04220] 60 | 35 
BAIT Шир-тю 0} 479 -516 (1-12, 42 | 297 
Hydrogen. 1076 -1094 41-80 |75.0-80.0} 0.07 
Hydrogen sulfide | мо | 43. [2355 | 117 
Я |202 1382 [5.0 —5.5 13.0-16.0] 0.55 
^ i |- 5026 | — 588 [126-25 | 4.5- 8.0 2.48 
80 [707247095] 1:52 
| 20-24 190-97 145 
олово |- oo втв 124 | 27 
|4.61 55 |026 -1ш [10 3.0 | 60-24] 3.14 


* Based on “International Critical Tables” (Мебгат-НШ), 


nd publications of the Interstate Cam- 
merce Commission, the Underwriters’ Laboratories, Inc., and oth is 


sourcet—by permission, 


Any volatile liquid which gives off flammable vapors at or below ordinary 
room temperature is considered hazardous from the fire prevention standpoint 
and warrants special consideration. The following definitions may be helpful 
when analyzing situations which involve the use of such materials: 
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Combustion,’ generally speaking, implies some form of chemical change 
accompanied by the evolution of both heat and light. Although there are 
examples of true combustion in the entire absence of oxygen, the term 
usually means oxidation. There are two types of combustion; namely, 
slow combustion which is not accompanied by light such as the oxidation of 
iron; snd rapid combustion which we know as "fire," due to the presence 
of flame. The term “fire” includes both combustion and flame, and the 
results of both. 

Apparent ignition temperature of an element or compound, whether 
solid, liquid, or gaseous, is the temperature required to initiate or cause 
oxidation sufficiently rapid to be self-sustained when the heating or heated 
element is removed. 

Flash point of a liquid is the temperature at which it gives off vapor 
sufficient to form an ignitable mixture with the air contained in the vessel 
used. It does not mean that no evaporation takes place below that tempera- 
ture, but that vapor does not come off sufficiently freely to exceed flash-point 
classification requirements, This term applies more especially to flammable 
liquids, although there are certain solids, such as camphor and naphthalene, 
that slowly evaporate or volatilize at ordinary room temperature and there- 
fore have flash points. 

Flash fire is very rapid combustion; it can take place only (a) in highly 
flammable solids or liquids which contain sufficient oxygen for complete or 
uearly complete combustion, or (b) when the particles of a combustible 
vapor or dust are suspended in a diffused state in the nir, close enough to 
each other to allow propagation of flame through the vapor or dust cloud and 
«till sufficiently separated to leave room for the necessary amount of oxygen 
for combustion. In either case, there must be a source of heat sufficiently 
high in temperature to equal the apparent ignition temperature of the 
material. 

Explosive range refers to the definite limitations of combustibility and 
rate of burning of flammable vapor or dust mixed with the air. When 
the particles nre so widely separated that those set on fire by the igniting 
medium will not веб firo to others that are nearest, the mixture is called too 
“Jean” for combustion and will not burn. When the particles are во close 
together that they exclude the oxygen necessary for combustion, the mixture 
is called too “rich,” and it will not burn. The concentration, or percentage 
by volume, between the leanest and the richest mixtures that will burn 
Шей the “explosive range." Between the minimum and maximum 


is 
limits of the explosive range will be found various phases of slow and rapid 
combustion. 


Vapor or dust explosion results when the products of combustion from a 
flash fire are sufficiently confined to generate pressure. 

Explosion or detonation presupposes a sudden violent change of pressure, 
charaeteristically involving the liberation and expansion of a large volume 
of gas due to high temperature. The change taking place is a progressive 
опе proceeding from one part of the exploding material to the next adjoining 
part. The term “detonation” usually is applied to an explosion of very 
high order, i.e. where high velocities are involved. 

Pressure rupture, such as failure of an air receiver, steam boiler, or 
closed receptacle containing fluids, is a rupture resulting from internal 
pressure exceeding the ultimate strength of the container. The terms 
explosion and detonation, particularly explosion, are commonly and errone- 
1 MINER, J. Soc. Automotive Eng, 21, No. б. 
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ously used to include pressure ruptures. While the results may be similar, 
the mechanism of a pressure rupture is entirely different. 

A true explosion or detonation involves chemical change, while a pressure 
rupture is merely the failure of the enclosing receptacle because of too grout 
internal pressure. 

Spontaneous combustion (according to C. Т. Kingzeth, "Chemical 
Encyclopedia," Bailliére, Tindall & Cox, London) “ensues as а result of 
the development of heat arising from chemical changes; thus, cotton waste 
soaked in linseed ой will sometimes fire in consequence of the rapid oxidation 
of the oil. . . . Similarly phosphorus exposed to sir will take fire. . . . 

Decomposition (Chemical Encyclopedia by C. T. Kingzeth, Bailliere, 
Tindall & Cox, London). “When a chemical compound is broken up into 
its constituent parts or simpler compounds by chemical or physical means, 
it is then said to be decomposed, the decomposition being effected by the 
exercise of a greater force than that of the original binding chemical affinity. " 

Location and Arrangement of Storage Tanks for Flammable 
Liquids. Flammable liquids are usually divided into classes depending 
upon their flash point. However, flash point is not а true indication of the 
hazard of a flammable liquid because other items such as ignition tempera- 
ture, explosive range, diffusibility of the vapors, and density of the vapors 
also affect the hazard. The potential hazard involved in the storage and 
handling of flammable liquids in industrial plants requires that certain items, 
such as strength, capacity, and location of storage tanks as well as vents, 
dikes, and quick-closing valves in pipe lines, be given consideration, For 
information on installation of both underground and inside storage tanks see 
Containers for Storing and Handling Flammable Liquids," National Board 
of Fire Underwriters. 

‘The most common method of storing large quantities of flammable liquids 
in industrial plants is in above-ground, outside storage tanks. Where such 
storage tanks аго used, the relation between capacity of individual tanks and 
the permissible distance from other property is shown in the following table 
quoted from "Containers for Storing and Handling Flammable Liquids," 
National Board of Fire Underwrite 


Table 19. Capacity and Minimum Distances of Tanks 
Distance to Line 
of Adjoining Property or 


Capacity of Tank, Gal. Nearest Building, Ft. 
3,000 ог less 20 
21,000 or lesa 
31,000 or less. 


45,000 or lesa. 
64,000 or leas 
80,000 ог less 

198,000 or less 

10,000 or less 

266,000 ог less 
400,000 or less 
000,000 or less 
1,333,000 ог less 
2,060,000 or lees 


For tanks of over 400,000 gal. capacity, a minimum distance of 175 ft, to 
adjoining property or nearest building may be permitted provided that an 
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stalled for the tank and covering 


approved type of extinguishing system is iı 
other parts of the yard or system. 

For tanks permitted from 50 ft. and up to 175 ft. of building or property 
line, the capacity may be increased 33 per cent if the tank is provided with an 
approved extinguishing system. 

The minimum distance from tank to tank should conform to the following 
table also quoted from these regulation: 


Table 20. Capacity and Minimum Distances between Tanks 


Capacity of Minimum Distances 
Tank, Gal. to Any Other Tank, Ft. 
300 or lese à 
500 ог less a 
1,000 or less a 
8,000 or less 3 
12,000 or less. 3 
18,000 or less 3 
24,000 or less 5 " 
30,000 or less 10 
48,000 or less. 10 
15,000 or lesa 13 
100,000 or less 15 
100,000 to 2,500,000 One tank diameter 


‘Three methods of handling these liquids are in common use—by pumping, 
by gravity, and by compressed air or inert gas. Compressed air is the least 
desirable und should not be used unless it is impossible to use other methods. 
Pumping is preferable to gravity discharge and should be used wherever 
possible. 

Testing Devices for Flammable Vapors. Vlammable-vapor indicators, 
which read in terms of the lower limit of tho explosive range, are now available 
for determining the approximate amount of flammable vapor in air. Most 
of the instruments will operate satisfactorily, not only in any given solvent, 
vapor but also in any mixture of vapors even though the composition may 
be unknown. 

Static Electricity. Static electricity may develop from handling mate- 
rials—solids, liquids, ог gases—or from the operation of equipment auch ив 
belts. The handling of dry granular substances, such as sulfur in metal 
chutes, bins, or even through relatively dry air, will generally result in the 
generation of static electricity. Similarly, static electricity may be generated 
hy the flow of certain liquids through pipe lines. 

The discharge of static electricity in the presence of flammable dusts 
or vapors is considered hazardous, and, where this may occur, a proper system 
of grounding, humidification of the air in the room, or the use of certain 
static eliminators which are available today is usually warranted. For 
additional information on the hazards of static electricity, consult Safo 
Practices Pamphlet 52, National Safety Counc: 

Compressed Gases in Cylinders. The Interstate Commerce Com- 
mission has established definite regulations that must be complied with in 
filling and transporting cylinders of compressed gases. These rules also 
include specifications for the construction of the containers. In using these 
cylinders, a few of the more important precautions to be taken are listed 
below; additional safeguards are outlined in the following regulations, 
published by the National Board of Fire Underwriters: Acetylene Equipment 
for Lighting, Heating and Cooking, 1929; Gas Systems for Welding and 
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Cutting, 1931; Compressed Gas Systems Other than Acetylene for Lighting 
and Heating, 1927. 

l. Extreme care should be exercised in handling so that cylinders are 
meither dropped nor permitted to strike against each othe 

2. Cylinders should be protected against mechanical injury when in use. 

3. Precautions should be taken that the safety devices with which the 
cylinders are equipped are not tampered with. 

4, When cylinders are not in use, outlet valves should be kept tightly 
closed even though cylinders muy be considered empty. 

5. When the cylinders have been exhausted, the discharge valves should 
be closed and the protecting caps screwed securely into position. 

6, Before attaching the required pressure regulator to the cylinder the 
valve should be slightly opened зла then closed to be sure it is Ш proper 
working condition, 

7. Only the special wrenches and tools provided by the manufacturer 
should be used on valves. 

8. Make sure that the thread connections on regulators correspond to 
those on the cylinder outlet as the threads may vary somewhat for different 
gases, 

9. Regulators and pressure gages provided for use for a purticular gas must 
not be used on cylinders containing other gases. 

10. All eylinders should be protected against excessive rise in temperature 
and against extremes of weather. They should not be exposed to continued 
dampness, 

11, In order to avoid confusion, full 
the empty ones. 

12, Cylinders of compressed gas should not be stored near highly flammable 


ylinders should be stored apart from 


materials. 
3. In welding or cutt 
cylinders. 

14. Acetylene is shipped in cylinders completely filled with a porous mate- 
rial which is charged with a suitable solvent (usually acetone). 

15, Every possible precaution should be taken to prevent oxygen from 
coming in contact with oil or grease. 

16. The cylinders received by the plant should bear а conspicuous standard 
label indicating the kind of gas. The color of the label shows whether the 
gas is flammable, corrosive, or inert. 

17. Oxygen should never be used as в substitute for compressed air. 

Dust Explosions (see definition under Flammable Liquids). Dust explo- 
sions сап occur in any combustible dust ог any material that will bura or 
oxidize, which includes some metallic dusts. 

‘When there is а proper mixture for rapid combustion, it is said to be within 
the explosive range, which includes all percentages of dust and air from the 
lower to the upper limit, Below the lower limit, flame propagation will not 
take place and, aboye the upper limit, there may be burning, but an explosion 
or flash fire is not likely (o occur in apparatus or enclosed spaces unless air 
is admitted. The lower und the upper limit may be widely separated depend- 
ing upon the character of the dust. 

The degree of flammability of a dust depends upon its moisture con- 
tent and upon its fineness, The drier and the finer а dust is, the greater 
its flammabilit 

While the intensity of the explosion may vary, according to the percentage 
of dust and air, any dust combination within or above the explosive range 


ш. no sparks should be allowed to strike the 
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is dangerous and should not be permitted. The safeguarding of this hazard, 
as with flammable gases, involves the dilution below the lower limit of the: 
explosive range and immediate removal while in the diluted state. 

In most disastrous dust explosions there are usually two explosions—a 
primary and a secondary. The primary involves а relative small quantity 
of dust, and is local in character, but of sufficient intensity lodge dust 
which has collected in buildings—on ledges, side walls, floors, or which may 
be released due to rupture of equipment or otherwise thrown into the айг. 
If ignited, a more general explosion, the secondary, may occur which may 
result in major structural damage. Precautions against dust explosions 
consist of keeping the premises scrupulously clean and eliminating sources 
of ignition. 


SPECIAL SAFETY PROTECTION EQUIPMENT 


The use of protective equipment is a secondary measure against injury and 
health hazards which cannot be eliminated by the design and arrangement 
of equipment, and by the installation of adequate ventilation, Since the 
human factor enters into the wearing of such equipment, its dependability 
is variable and at times uncertain. 

For the protection of the head and eyes, such equipment as goggles, shields, 
helmets, hoods, masks, and hats should be worn. The breathing of poisonous 
gases and fumes, or of an atmosphere in which there is a deficiency of oxygen, 
must be guarded against by the use of respirators, canister masks, hose masks, 
ог oxygen helmets. ‘The hands, arms, legs, and feet may be protected by the 
use of rubber or canvas gloves, rubber boots and aprons, leggings, shoes, and 
other clothing, 

Protective equipment should not be transferred from one employes to 
another unless it is sterilized. A 3 per cent solution of Lysol, or somo other 
suitable disinfectant, may be used for this purpose. 


Table 21. Recommended Head and Eye Protection 


Conditions Proteotion 


Chipping, riveting, calking, ево... sees Types 2 and 6 : 

Sealing, grinding, eto. aeiy +++ Type 1, 2, or 6; preferably Type 2 

Exposure to dust and wind, 5 1 Type 1, 2, б, or 7; depending оп 
conditio 

Babbiting. ... Babbiting mask 

Handling corrosive chemicala.............-.... Typem 4 and 5, ог face masks, or 


hoods; depending on conditions 
чуу << Sand blast cabinets or helmets 
of glare...... Type 1, 2, 3, or 5 goggles; tho shade 
‘of lenses to be determined by 
conditions 
Oxyacetylene welding and furnace work Helmets, shields 
shade û lenses 
Eleetrio welding. а... Ara + Helmets or shields with shade 10 to 
12 windows 
Nitrometor work. «+ Special nitrometer shield 
Non-shatterable lenses in strong frames 
Non-shatterable lenses in strong frames with side shields. 
Oxyacetylene welding. 
Close-fitting rubber, light lenses, little or no ventilation, 
Cup type, close fitting, wide vision, light lenses, little or no ventilation, 
Сир type, close fitting, wide vision, with non-shatterable lenses, ventilated. 
Cup type, tight-fitting, light lenses, cloth sides, 


Band blasting 
Sunlight, snow, and similar sour 


or type 8 goggles; 


SPECIAL FIRE PROTECTION EQUIPMENT 2919 


Goggles and Helmets. Goggles may be divided into approximately 
seven distinct types. Table 21 will serve as a guide in selecting the general 
type for the work to be done. 

Respiratory Protection. Devices Гог respiratory protection may be 
divided into the following general ei 


Respirator (mechanical filter). 
Respirator (canister). 

Respirator (air line), 

Gas mask (canister for certain gases or combinations). 
Gas mask (canister for all gnses—" АП Service"). 
Gas mask (hose or айг line). 

Oxygon-breathing apparatus (self-contained). 


espe pp 


The following may be used as a guide in determining the device required, 

1, Respiratory protection for non-toxic dusts and vapors, Vilterrenewable. 

2. Respiratory protection for brief period against low concentrations 
(not over 2 per cent), of the toxic or harmful dusts or vapors for which the 
canister is designed. Canister renewable. Should not be used where there 
ig a deficiency of oxygen (less than 16 per cent). 

3. Respiratory protection in any dust or vapor and in the case of oxygen 
deficiency. Fresh air is conveyed by hose from an uncontaminated source, 
the limit, of travel depending on length of hose through which wearer may 
breathe. 

4. Rospi 
as in oase 2. 


'atory and face protection for limited period in low concentrations 
‘anister renewable, 


5, Respiratory and face protection for limited period in low concentration 
of any one or any combination of dusts or vapors, Canister renewable. 
Should not be used where there is а deficiency: of oxygen. 

6, Respiratory and face protection in any dust or vapor ог in the case of 
oxygen deficiency, Fresh air from an uncontaminated source is drawn by 
wearer or forced by blower through hose, the limit of travel depending on 
length of hose wearer may be able to handle. 

7. Respiratory protection for limited period in any dust or vapor or in the 
case of oxygen deficiency. Oxygen supplied by apparatus; cumbersome. 

‘The colors approved for gas-mask canisters by the American Standards 
Association are as follows: 


Table 22. Standard Colors for Gas-mask Canisters 
(аня, Vapors; Broke, Bte. Color 


. Acid. 
Organs vapor. 
Ammonin, 
Carbon monoxide. ........... 
Acid and organic уярогв........ 
Acid and organic vapors and ammonia. . 
Dusta, smokes, mists in combination with any 
of the above gases... 
All of the above кавез... 


34-10. contrasting black or white stripe 

Red. Filters are included in this 
eanister, but stripes to indicate 
them are unnecessary 

... Color to be assigned 


$. Other special gases. . 
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Special fire protection equipment is receiving an increasing amount of 
attention, New or unusual processes should be carefully analysed, the 


2920 SAFETY AND FIRE PROTECTION 
hazards determined, and the best methods of fire extinguishing provided. т 
some cases more protection is required than that afforded by the standard 
system of automatic sprinklers or by first-aid extinguishing appliances. The 
following are some of the more common systems in use. 

Foam (Two-solution System). Foam is generated by mixing а solution 
of aluminum sulfate, which is known as A solution, with a solution of bicar- 
bonate of soda and a foam stabilizer, which is known as the В solution. The 
solutions are stored in separate tanks until required for use when they are 
pumped to a special mixing device, which discharges foam. Foam ія particu- 
larly useful in class B fires, which are those in oils, greases, flammable liquids, 
oto., where the blanketing or smothering effect of the extinguishing agent is 
of greatest importance. 

Foam (Dry-powder Generators). Foam is generated in a special device 
by mixing water with dry chemicals. ‘The discharge is continuous as long 
as the water is supplied and the chemicals fed into the device, Тһе foam is 
piped through permanent piping or hose to the location where needed. The 
smaller sizes of generators are readily portable, 

Carbon Dioxide. Carbon dioxide may be stored in the shipping con- 
tainers under pressure and piped to the apparatus or location where required. 
At this point, it may be discharged either automatically or manually through 
suitable nozzles, thereby smothering the fire. There is a slight cooling effect, 
although the characteristic of carbon dioxide extinguishing is the smothering 
eflect. The automatic discharge is secured through fixed temperature or 
through temperature rate-of-rise devices. The former operate when a pre- 
determined temperature has been reached, the latter when the increase in 
temperature exceeds a predetermined rate-of-rise. 

Steam is sometimes used for special locations or in certain equipment. 
It is not, generally recommended. 

Auxiliary Sprinkler Systems. Automatic sprinkler: 
sprinklers with the fusible links removed, may be supplied with water oon- 
trolled bya quick opening valve or by а deluge valve which in turn may be 
actuated thermostatically or manually by remote pull handles. This arrange- 
ment is used where it is desirable to discharge water over extra haaardous 
equipment or areas. 

Other inert gas, such as flue gas or nitrogen, is sometimes piped to the 
interior of grinding, pulverizing, mixing, or conveying equipment, where 
extra hazardous products are handled or where there may be acute hazards 
due to presence of flammable dust or gases. 


ORGANIZATION AND WORK 


Safety and Fire Protection Organization. This organization should 
һе essentially the same as the production organisation. ‘There should ђе a 
central committee composed of the plant manager or the assistant plant man- 
ager as permanent chairman and the safety and fire protection supervisor, 
if there be one, as permanent secretary. The members of this committee 
should be the remainder of the plant executive staff. 

There should also he departmental committee in each department, or 
such subdivision, composed of the head of the department as permanent chair- 
man and the foremen as members. In order to carry this organization to 
the workmen, each foreman should have а committee made up of himself as 
permanent chairman and his men as members, the latter being rotated if 
there are too many to serve at one time. 


or in some cases 
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The central safety and fire protection committee will take care of general 
policies regarding safety and fire protection. . The departmental committees 
will be responsible for safety and fire protection in their departments, and 
the foremen's committees 
in their particular areas. 

Following is an outline 
of a typical plant safety 
and fire protection 
organization. 

Housekeeping. 
Housekeeping has a 
direct bearing on the 
number of accidents and 
fires which occur, aa well 
as on the plant operating 
costs, 16 is essential for 
the süfety and fire protec- 
tion engineer or for the 
employee who is charged 
with this work to pay 
particular attention to 
this very important item. 
The rule, "a place for [e 
everything and every- » 
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thing in its place, " should. | 
bo enforced. Keeninter- |: 
est in housekeeping 
should be evidenced by 
the plant management, 
who should require his 
subordinates, and they in 
turn the workmen, to be 
directly. responsible for 
the housekeeping in their 

i e vicinity, The 
maximum result from the 
minimum effort expended 
comes from daily or even 
more frequent sweeping 
and collection of refuse. 
Employees should be 
trained to minimize the 
cleaning required by 
depositing in receptacles 
provided for the purpose 
all dirty waste and general refuse, disearded packing materials, und any other. 
waste materials as such and those used for maintenance and operation as they 
are produced. 

Suitable metal containers with deep-lipped covers should be provided for 
cil-souked waste, cleaning rags, and hazardous flammuble materials. Tho 
containers should be emptied at designated periods, preferably at the end of 
the day's work. 
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Lumber if no longer needed and other waste material, whether combustible 
or not, should be immediately removed during construction work. 

Where quantities of sawdust, shavings, or other similar combustible waste 
material is produced, blower systems for the proper removal of this material 
should be installed. See "Regulations for the Installation of Blower and 
Exhaust Systems,” National Board of Fire Underwriters. 

Drip pans should be provided for collecting oil below motors, shaft bearings, 
or other similar places; sawdust should never be used às an absorbing material 
for this purpose. 

Employees’ lockers or cabinets should not be located in manufacturing 
arens, unless absolutely necessary. 

Maintenance, The proper maintenance of plant property and equip- 
ment, has a direct bearing on safety and fire protection. A few of the general 
factors to be taken into consideration in maintaining plant property and 
equipment are; 

а. Periodical inspections and tests of fire-protection equipment, such as fire pumps, 
underground fire lines, control valves, hydrants and hose equipment, sprinkler ayatems, 
eto. 

b. Periodical inspections and tests of safety equipment, such as respirators, gas masks, 
goggles, guards, railings, emergency showers, ladders, etc. 

в. Regular inspections of buildings, platforms, tanks, pressure vessels, machinery, ete 

d, Prompt repairs of any equipment in case it should be needed. 


Watchman Service. The plant watchman holds а position of trust and 
is an important factor in the protection of property against fire and theft. 
His responsibility is great since ће is often in sole charge over half of the daily 
hours. Therefore, care should be taken. 

To Select the Right Man. Опе with unquestionable character, habits, and 
reliability; courage, keen intelligence; physically fit and able-bodied and with 
sufficient mechanical ability. 

To instruct him fully in the duties necessary for efficient service, This 
should be the duty of a responsible person, preferably the plant management. 
who is familiar with all plant conditions. The watchman should familiarize 
himself thoroughly with the plant, and in particular stairways, elevators, 
fire doors, pipe lines, sprinkler systems, hand hose, first-aid extinguishing 
equipment, and the fire-alarm system. He should know the location of 
sprinkler control valves. He should have the necessary knowledge to start 
and run the fire pumps. He should know how to use the telephone, and such 
telephone numbers as would enable him to call assistance should be posted 
near the telephone. He should have sufficient instruction regarding the 
electrical equipment to enable him to manipulate switches to control the 
lighting of the plant where and when necessary, or to shut off the current: in 
case of accident. 

To Support Him Thoroughly, "The watchman should report undesirable 
conditions and unusual happenings to his superior, action upon which should 
be taken at once to give the watchman the confidence to report further unde- 
sirable conditions. If decision is unfavorable on his recommendations, the 
reasons should be fully explained to him, 

In order to insure that the watchman visits all of the important points in 
the plant and as evidence that he has properly performed his duty, a watch- 
clock system should be provided with stations well located throughout the 
property. The portable-clock system is а very reliable and usually an 
pensive system to install. The records made on the clocks should be carefully 
checked each morning by a thoroughly competent person, and any irregu- 
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larities in punching or in the order in which the stations are punched should 
require an explanation. In most cases closer supervision can be maintained 
by installing a log-book in which the watchman can make entries of undesir- 
able conditions and unusual happenings. 

Plant Fire Brigade. The efficient handling of fire apparatus is absolutely 
essential if the maximum protection is to be derived from any given equip- 
ment. It is, therefore, customary on most properties, even if small, to select 
a few reliable, strong, intelligent employees and train them in the operation 
of all extinguishing agents present at that particular plant, Through frequent 
drills they become thoroughly familiar with the location of the buildings and 
the nearest available extinguishing apparatus, and also the interior arrange- 
ment of each building and its occupancy. It is also customary to educate 
these employees as to the need of using due caution when entering buildings 
housing processes more hazardous than the average. 

Successful fire fighting requires the organization and development of a 
plant fire department, for only through such an organization can the employees 
be instructed, drilled, and directed in the fighting of fire. This phase of the 
subject might be summarized as follows: 


а. For the prompt extinguishing of fire the employees must know the location and use 
of the first-aid equipment, and the minor extinguishing apparatus, such as chemical 
extinguishers, pails, ашай hand ћове, ete, 

b. To obtain maximum benefit from the major equipment, i.e., outside hydrants, 
large fire hose, fire pumps, chemical engines, etc., certain employees must know the 
loention and be trained in the proper method of handling and directing this apparatus, 
ав well as knowing its capacity 

¢, To prevent confusion and delay, a definite line of authority must be established. 

d, To check successfully the spread of fire, those in authority must have knowledge 
as to building construction, arrangement, nature of contents, and inter-exposure between 
buildings. 


Vor additional information on fire brigades, consult the “Suggestions for 
the Organization, Drilling and Equipment of Private Fire Brigades, " National 
Bonrd of Fire Underwriters. 


2924 


SAFETY AND FIRE PROTECTION 


MECHANICAL TABLES AND DATA FOR THE SAFETY AND FIRE 
PROTECTION ENGINEER 


Table 23. Average Ultimate Strength of Common Metals 
Pounds per square inch 
| | 
| * Si Modulus об 
Material Tension | Compression | Shear elasticity 
15,000 12,000 11,000,000. 
24,000 30.000 9,000,000 
Bronze, gunmetal. 32,000 20,000 10,000,000. 
Bronse, manganese. 60000 | 120000 
Bronze, phosphor. 50,000 а. 14,000,000 
Copper, A600 | 301090 | 10500000 
Copper 000 15,000,000 
‘Copper wire, unannealed.... 50,000 18,000,000. 
Iron, east., 15,000 80,000 18,000 12.00 
Tron wire, 60,000 з 
Iron wire, unannealed. 80.000 
Tron, wr 48.000 46,000 40,000 
Lead, сай........ 2,000 
Steel castings.. 70.000 70,000 60,000 
Steel, plow, 4 270,000 
vel, structural, 60,000 60,000 50,000 29,000,000. 
Stee ге, annealed. 80,000 29,000,000. 
‘Stoel wire, unannealed. 129,000 ` т. 30,000,000. 
Steel wire, crucible, 180,000 | 30,000,000. 
Stoel wire, susp. bridge. 200,000 30,000,000 
Steel wire, piano. | 300,000 
"Tio, cud... |. 390 6,000, 4,000,000 
FING, cast, sess. | 5,000 20,000 13,000,000. 


У Maehinery's Handbook." 


Table 24. 


‘Whe ultimute strength of steel in tension and сс 
may, for different kinds of steel, be assumed as follo 


Tensile and Compressive Strength of Different Kinds of 
Steel 


ipression is practically the same and 


К? 
тишд. 
| =з 


Kind of steel 


Kind of steel 


Structural steel for rivets 55,000 
Strnctural steel for beams: 60,000 
Boller steel for rivets, 50,000 
Boiler steel for plates. ....... 60,000 


hine steel. 


teel. 


Ultimate 
strength Ib, 
per sq. in. 


25000 
90,000 
100,000 
125,00 


“Machinery’a Handbook,” 
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Table 25. Average Ultimate Strength of Common Materials Other 
than Metals 
Pounds per square inch 


Material | Compression | ‘Tension 


Bricks, best hard. 
Bricks, light red.. 

Brickwork, common. 

Brickwork, best. . 

Cement, Portland, oi month ld" (iá al. water per вый of cement) 
ee t, Portland, опе year ой" ( 


2583828838883 


water per sack of cement)... .| 
Portland cement” ( yater per sack of cement). 


Portland, one year old? (234 gal. water per ak of cem) 


Pine, shortieat yellow 
Hine, Genera (оці) 


EEE 


“Machinory's Handbook" and (*) Portland Cement Association, 


Table 26. Influence of Temperature on the Strength of Metals 


Degrees Fahrenheit 


Moterial | 400 | 570 | 750 | 930 | 1100 | эю | 145 

|- 1 zu nd ле. a 
| gth of metal in per cent of the strength at 70°F. 

Wrought iren... w | m | о | «| 76 | aj 25 | is 

Guat iron, | по | | 92| %| 47 

Cast steel. | | 5] 2 | | я 

Structural steel. 103 132 122 86 49 28 

Copper. 95 | 85 7 59 42 

Bronze, w | 94 5| 2| 18 


“Muchinery's Handbook." 
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Table 27. Strength of U: S. Standard Bolts from 34 to 3 In, in 
Diameter 
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Balt ‘Areas Shearing strength, Ih. 
| 
| ull bolt | Bottom of thread 
| Fill bal Г thread 
Diam. 
balt, soo| «At Ab 
e Е 
h. per b. por 
| | mph | ж pin | ndr 
| 
м | 20 [0.039 | 0.027 
ме | 18 [0:027 | 0:06 
4% | 16 |010 | 0068 
ие | M |050| 0:05 
м | 13 |016| 0.126 
i | 12 | 0248 | 0.162 
ж |n | 0.307 | 0202 
и | i0 | 0.442} 0.302 
% | 9 | 0.601] 049 
1 в. |0785] 0.551 
м | 7 |0994] 0.693 
14 | 7 |127| 0.890 
м | 6 |05] 1.054 
та | 6, |179 | 1294 
14 | 534 |204 | 155 
We | 5 | 2.405 | 17% 
т | 5 |2761 | 209 
1 4% | 3:12 | 2:300 
24 | 44 | 3.976 | 3.021 
34 | 4" |499| 376 
24 | 4 |590| 4:620 
3 34 | 7.069) 5.428 


Marks, " Mecbari 


Engineers’ Handbook," McGraw-Hill. 
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Table 28. Safe Load for Ropes and Chains* 
(In pounds) 
Caution: When handling molten metal, wire ropes and chains should be 25 per cent 
stronger than indicated in table, Manila rope should not be used for this purpose. 


| Double (two-lez) sling 
Nom: If thres-leg slings are used, the ante | When used т Т 
load given for double (two-leg) slings may ђе | straight | When used | When used | When used 
fncrensed 50 per cent and four-leg slings 100 per | "naf at 60° at 45° t 307 
emt. from the | frum the | fom the 
| horizontal | horizontal | horizontal 
t | 
Diam. in. | Lh 1b, Lh. Ib. 
á | мы | 18% 1,500 1,00 
Plow steel % | 2,300 3,980 3.250 2,300 
и #000 $90 | 560 A000 
Wire rope ^ | 6200 170 | 870 6,200 
T M 9200 15,900 1300 9200 
(6 strands of 19 wins) | ж 11600 | 2900 | 16400 11:600 
1 15200 | 26300 21.500 15.200 
| ш 18809 | 5250 | 2600) 18800 
For erueible steel rope, reduce Hu | 2400 | 41,500 33,980. 24,000 
loads one-fifth, 1% | 2800 | 48,50 39,600 28,000 
и | 32,000 55,400. 45,250 32,000 
Diam. of | 
| ton in, | Lb. Lb. 
м | 1,060 1.060 
* | 2385 | 2,385 
үн 4240 4240 
Cru M 6630 | 6,630 
| 950 | 9540 
Best grade of wrought iron, | 12% 12960 
made, tested short-link | 16,950 16,950 
chain) | | 2000 | 20,040 
] | 24750 24,750 
| 30910 29910 
| 35,600 35,600 
| | 
Diam. in. Lb. Ib. Lb. Lb. 
| 
| | 
| 20 | 170 120 
420 350 250 
d 300 360 
880 720 320 
040 80 620 
iila rope 750 50 | 1.050 750 
быт gr) m | ж | dm | т 
(Best loug-fiber grade) 120 050 1200 
1,600 700. 2.200 1,600 
| 2.10 600 3,000 2.100 
| 2800 800 3000 2800 
4000 | 6800 5,600 4:000 
| бою | 1020 | в 6,000 


* Based on table prepared by National Founders’ Association. 
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Definitions, Cautions, and Instructions Governing the Purchase and Use of 
Chain 


1авіва by United States Chain and Forging Company, Pittsburgh, now the McKay Ca. 

Proof Text. The proof test is applied to chain for the purpose of detecting defects in 
material or manufacture. 

‘The test is applied in a standard chain testing machine and shows the load in pounds 
which the chain, in the condition and at the time it lelt the factory, Баз withstood, under 
а test in which the load has been applied in direct tension to a atraight length of chain 
th в uniform rate of speed represented by a separation of the tester heads not exceeding. 
10 in. per minute. 

Average Ultimate Load. The arerage ultimate load is the load in pounds at which 
the chain, in the condition and at the time it left the factory, has been found by experi- 
ence to break, under а test in which the load is applied in direct tension to а straight 
length of chain with a uniform rate of load represented by а separation of the tester 
heads not exceeding 10 іп. per minute. 

Safe Working Load. The лаје working load is the maximum lond in pounds which, 
ві any time or under any condition, should ever be applied to the chain, even when the 
chain is in the same condition it was when it left the factory, and when the load is applied 
in direct tension to a straight length of chain. 

Cautions. The above terms "proof test," "average ulti 
working load," contain no implication of what load the chain will safely withat 
any of the above factors are changed. 

Any change in the above factors, such as twisting of the chain, deterioration of the 
chain by strain, by usage, by weathering, or by lapse of time, or acceleration in the rate 

of application of the load, or variation in the angle of the load to some sharper angle 
resulting from the configuration or structure of the material constituting the lond, will 
lessen the lond that the chain will safely withstand, 

Instructions Regarding Attachments. Where attachments, auch as hooks or 
rings, nre desired for use with chain in sustaining loads, care should be taken to select 
the attachments of the typo, grade, and size recommended herein for use with the type, 
grade and size chain with which such attachments are to be used. 

When this is done, the recommended safe working load of such chain, in the nense 
that the term is defined above, will apply to the chain and attachments therean when 
used together. 

When chain and attachments thereon are used together, it is impossible to atai t 
load will be sustained, if the attachments thereon are not of the type, grade and кізе 
recommended for use with the particular type, grade, and size of chain used. 

Purchasers will please note that all the cautions above set forth apply not only to the 
use of chain but also to the use of attachments thereon. 


te load," and "ante 
if 


Во 
‘Take up slack and then start load slowly. 

Keep chains free from twists, knots and kinks. 
Lift from center of hooks, never from the point, 
Distribute the load evenly on alt legs. 

Inspect your sling chains regularly. 


srioxs 
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Table 29, Maximum Free Air That Can Be Supplied in Cubic Feet 
per Minute to the Pressure Vessel for Different Sizes of Safety 
Valves at Stated Pressures* 


Gage pressure, Ib, per sq. in. 
Diam. of 
valve, in, 


| vr 
so [ro [is] am | 250 | эю | | по o sn] во ој T 


| s| al] zo| ea] 97| 109] 128| 147| 160 
5i| 7759] 7 62) 74 | 129| 147] 177| 205| 230| 270| 304| 330 
96] 112} 127| 141| 176) 224| 232) 242| 346| 386| 423| 474| 518 
152| 178] 202| 224| 248) 286| 324| 390] 450| 500, 586 
221| 259] 293| 325| ...| 374| ...| 500 
302| 35% 300) 444 :::| 472, 1:1] 634| 

Б ма) 741 
250 998) 1114 
1050 E 1398| 1557 | 
"Ple foregoing table is based оп the following formulas: 


Q = 28 PDI for 45° bevel-seat valves. 
9 = 40 PDI for flat-ecat valves. 


where Q = discharge in cu, ft of free alr per min. 
Р = absolute pressure nt which the safety valve opens (gage pressure + 14.7 Ib. at sea level) 
diam., їз. of the inside edge of the bearing surface between the disk and aca 
1 = vertical lift of the safety-valve disk from its seat, in., representing lift for mini 
capacity for satisfactory operation of the valve 
rom A.S.M.E. Boiler Construction Code, Ву permission of American Society of Mechanical Engl- 


im discharge 


Table 30. Identification of Piping Systems 


Clase of Material Color 
Fire protection. par ЕҢ ERT tr ay ае Red 
Dangerous. . .... Yellow 
Che RC tmt ei $ Groen 
Protective. 4 2221: Blue 


Extra valuable. У Purple 
ma о! these classifications sec " Scheme for tho Identification of Piping 
American Standards Association, New York, М. Y. 


Table 31. Coefficients of Expansion* 
(See also p. 434) 
ion, per degree Fahrenheit, of the principal flamma- 


ble liquids shall be used in determining outages: 
Avetone. (0 00085| Gasoline (°4.P.1.4) 
Ату! ac 0.00058 50 —55 
Benzol (henteni)..... 0.00071] 55.1-60. 
Carbon bisulphi 0.00070] 60.1-65. 
Ether... А 0.00098] 65.1-70. 
Ethyl эсейе. 0100079 70.1-75 
Ethyl (eroi) aleobol.. 12.12: 0.00062 75:1-80 
Methyl (vood) aeo. 0.00072 80.185. 

ual (toluene), 0.00063 85.1-90. 


"АРТ. (American Petroleum Institute), according to the following formula: 


* By permission, from regulations of the Interstate Commerce Commission, Washington, D, C. 
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Table 32. Outage Chart for Flammable Liquids 


Loading 
Temperatüre Outage Coefficient 
Deg. Per Cent of Expansion 
г 80-100 4 0.00040 — 
Е 0.00045 —] 
I— 75 20 0.00050 
3 0.00055: 
<70 0.00060 —] 
= 0,000651 
[—e5 0.00070 
5 00075 
60 0,000807 


5 
= 0.00085 — 
40—i 000090 


45 000095 
50 0.00100. 

Ezample: Suppose the temperature of the liquid at time of loading is 70°F, and its 
coefficient of expansion is 0.00089, Lay а ruler оп the chart running from 70°F. to 
0.00080 as shown by thé dotted line and the required outage is 2.4 per cent where the 
ruler crosses the outage scale. “Outage” is the percentage of space in the interior 


of the container which must not be filled with liquid, in order to allow for the expansion 

of the liquid and the maximum temperature to which it will be aubjected in transit. 

(From regulations of the Interstate Commerce Commission, Washington, D. C., by 
permission.) 
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FIRST AID 


Every work place should provide reasonable first aid in order that injured 
persons may be properly cared for in emergencies and until further treatment 
сап be secured. Where full-time plant physicians are not employed, small 
industrial first-aid units may be provided, which should be placed’ under 
the сате of competent persons who should be available at all times and 
who sbould have received first-aid training in a standard first-aid course 
given under the direction 
of either the America 
Red Cross or the U. S. 
Bureau of Mines. 

‘The following outline is 
recommended merely as 
first aid. In all cases a 
physician should be sum- 
moned st once. 


This method for 
nori heated houses 
T 


Gutter 
M 
pr 


Treatment for Же 
fi fastened fo wally " 
Shock. Keep the Pur р 
patient warm. Keep for shower head A X 


head lower than feet. 
Jover with blankets or 


x 
| Stoner ana wr 
coats, Put hot water | 


& | tect shone fade k 
RN | paintet vermilion 
bag to feet, Give stimu & CHEWS preci 


lants, such as hot coffee, 


vu! ab too Pri 
hot tea, or teaspoonful of [i oaov 
aromatic spirits of am- for movement 
of hanale 


monia in a half glass of 
water. 

Treatment for Sun- 
stroke and Heat Ex- 
haustion. First take 
the temperature with а 


fa Broken. m 


clinical thermometer. — , a == dg corres down NR A 

Sunstroke, or thermic „front одй nale? eyd ron 
A ~ vet provide for waste water End. 

fover, is characterized by "vation aro бру elevation Elevation 

rise in body temperature доде; Spizots or bibb cocks used far domestic 

and the immediate treat- "purposes shal be healed at or mar the shower 

ment is to reduce the Fic, 30.— Detail of emergency water shower. 


fever by the application 
of something cold to the head, such as ice bag or cold compresses (cloths wrung 
out in cold water). Put the patient into a tub of cold water (after first remov- 
ing the clothing), or sponge the body with cold water, 

Heat exhaustion is the same as shock, and the body temperature is below 
normal. Keep the patient covered with blankets and put а hot water bag 
tothe feet. Give stimulants to drink, such as strong tea or coffee or aromatio 
spirits of ammonia. 

Treatment for Fainting, Place patient in lying-down position with 
head lower than the rest of the body so that the brain will receive more blood. 
Loosen clothing around neck—see that there is plenty of cold air. Sprinkle 
face and chest with cold water. Put smelling salts or ammonia to nose, Rub 
limbs toward body. Give stimulants when patient ean swallow. 

Treatment for Sprains. Absolute rest until doctor arrives so as not to 
do more damage. Do not allow joint to be used—elevate it if possible and 
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apply соја. Wring cloths in cold water and apply to joint or shower the 
joint with very cold water. 

‘Treatment of Ordinary Wounds, Do not allow the wound to be 
touched—exposure to the 
air is much safer than the 
application of dressings gs —— == 


13 pipe 


which are not surgically 
clean, Ordinary water is 
dangerous as it may con- 
tain infectious organisms. 
Strong antiseptics, such as 
bichloride of mercury or 
varbolic acid, should not be 
used. Peroxide of hydro- 
gen is not sufficiently strong 
to kill germs; but cover the 
wound with several layers 
of sterile gause and band- 
age loosely; then place 
patient under the care of a 
physician as soon ns 
possible, 

Burns and Scalds, In 
thé treatment of burns, the 
main object is to exclude 
the air ав quickly and com- 
pletely ns possible from the 
injured part, А5 % tannic 
acid solution (freshly pre- 
pared) is to be preferred 
although if this is not 
available a thin paste made 
with water and baking soda may be used as в temporary application, Place 
several layers of sterile gauze 
over the burned area; saturate 
with 5 % tannic acid solution 
and bandage loosely. In case 
of serious burns on the body, 
remove all clothing and treat ON 
» recommended above. If (Зе 
signs of collapse are shown, | 
"D fhe patient warm and 
give hot stimulants if mot p [cross Аай уны, 
unconscious, shing Shout fated bey 

Acid and Alkali Burns. 

With either, wash off, as 
quickly as possible, with a 
large quantity of clean water. 
For this purpose, emergency 
showers should be provided. Fra, 32, Head for emergency water shower. 
See Figs. 80, 31 and 32. 

The treatment following this for either acid or alkali burns is similar to that 
for ordinary burns. 


^L brass coupling 


Distributor 
plate 


Distributor Plate Bottom View. 
Fra, 31.—Head for emergency water showe 


pipe 
Grilled holes, about g CL to 
— 
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When emergency showers are not available, water from a tap or from an 
ordinary drinking fountain may be used; the latter is particularly advanta- 
geous in either acid or alkali burns of the eyes. 

Gas Poisoning. In all cases of gas poisoning, particularly from nitrous 
fumes, hydrogen sulfide, carbon monoxide, ete., even though the persons show 
no apparent effects, they should be placed under the саге of a physician. 
‘These cases frequently do not appear serious until several hours (even 24 to 
48 hr.) after the exposure. From the time of the exposure, until a physician 
is secured, persons affected by gas poisoning should avoid any unnecessary 
activity and should be Кере as quiet and composed as possible—proferably 
put to bed. When в person is rendered unconscious by exposure to а gas 
and breathing has ceased, artificial respiration must be used immediately. 
Remove the patient to fresh air and begin artificial respiration at once and 
send for а physician. 


Table33. Antidotes of Poisons 


Poison | Sympton Antidote 


е lips and | For welds give baking soda, mug- 
«Моне, miri) also strong throat | nesia, lime water or sonp-suda 
alkalis, such as caustic вода, | and stomach: ing and | For alkalis give vinegar, lemon 
lime, und potash илиш; perhaps suocation; | juice. Аво, in both poiius give 
always eboek large doses of olive eil, milk, 
eega, or flour and water, to dilute 
and soothe the рама, and then 
induce vomiting 


Corrosive Poisons: 
Strong acida (sulphuric, hydro- 


Irritant Poisons: 
Bichloride tablets, Purls grecu, | These do not stain. Metalle | Dilute and soothe with lango quane 
mugar of lead, amenlo, phos-| taste in mouth; burning in| tities of salad oil, milk, eggs, 
phorus, poisonous planta, cyn- | throat and stomach; vomiting | sospauds, starch, or flour wate 
hides and purging ‘Then induee vomiting with salt 

water or mustard and water, 

Ad stimulants um Ms 

coffee ог tea, or spirita of an 

| monia, (No ‘oll in phosphorus 
poisoning) 


Nerve Polson 
pium, morphine, paregorie, ete | Produce deep sleep, pupils of eyes | Induee vomiting if polson i just 
lhe sibility; face flushed! | taken. Keep awake by strong 
| зоб; slapping with wet Lowela; 
walking the victim supported on 
each side, and artificial res- 
piration 


Strychnine (the most common), i, twitehlng, delirium, | Induce vomiting at once, or tickle 
donna, prus«ie or hydroey- nd suffocation the back of throat with the fin- 
эше acid, ete. ger; artificial respiration И 
breathing stops; stimulants 


lodine,,.... | Staining, burning, ete. "Two tabl of starch In 4 

tea cup of water, elther eorn- 
starch or laundry starch; produce 
vomiting 


Рей. Vomiting and great pain; skin | А couple of tablespoons of eil 

covered with cold sweat. Very | Epsom or Glaubera asalta in 

| rapid poison. Lips, tongue, and | water, Lime water Js not so 

mouth sre burned white by pure, | effective, Three ot four raw 

and black by Impure (phenol) = ог castor oil. Give stimu- 
t 


Nitrate of silver. | Salt and water 
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Special Poisons, Certain materials such as aniline, benzol, ete., may be 
absorbed through therespira- 
tory passages, or produce 
poisoning when taken inter- 
nally, ог even be absorbed 
through the skin in sufficient 
quantity to produce serious 
effects. Where materials of 
this nature are handled, a 
first-aid treatment should 
be developed. This should 
be done by the physician 
who regularly attends the 
plant. 

Artificial Respiration, 
To be used in cases of drown- 
ing, gas poisoning, and elec- 
tric shock where breathing 
has ceased. 

Administration (Fig. 33). 
Start at once, The first few 
minutes are valuablo, 


1. Clean out patient's mouth. 
2. Place patient as shown in 1. 
Straddle patient as shown 


in 1, 

4. Place hands as in 1. 

5. Apply pressure as in 2. 

6. Release as in 3. 

7. The complete stroke should 
be carried on 12 to 15 times per 
minute. 

8. Do not give up—even after 
4 hr, mon have been revived. 


L 

И other parsons ага pros- = | 
ent, send one of them fora р Rob Is! fo AEn. 
dear. Othere #һош4 rub , Ti, 2 aon, for ана aril 
the patient's arms and legs, Light Association.) 
apply hot water bottles, 
cover the patient with blankets, and allow him to inhale aromatic spirits of 
ammonia, If an inhalator (a device for 
supplying oxygen to the patient) is on 
hand, someone may apply the devi In 
no case should artificial respiration be 
interrupted in order to apply the inhalator 
or for апу other purpose until breathing is 
restored. 

Arterial Bleeding, Arterial bleeding 
is recognized by bright red blood expelled 
in spurts, It is serious because of the 
rapid loss of blood, whieh is due to the fact 
that there is too much pressure at the 
wound to allow the blood to clot. The Fro. 34.—Pressure points for control 
flow of blood cannot be stopped by of arterial bleeding. 


о/а 
(ИИ буе) 


Courtesy of the US Bur Mines 
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ordinary pressure over the wound. То control arterial bleeding, press with 
your fingers or thumb on the artery between the bleeding point and the heart. 
‘The points where the arteries come close to the surface of the skin are shown 
in Fig. 34. A tourniquet should be applied wherever possible at these points 
to control bleeding in the particular artery. The tourniquet should be released 
for 3 or 4 вео. ві 20-min. intervals. 


OCCUPATIONAL HAZARDS AND THEIR SYMPTOMS' 
Occupational hazards can be controlled by one of several methods, although 
the particular method used may depend upon the type of hazard and ita 
severity. It is always best to control the hazard at its source. This can be 
accomplished by either closed systems or ventilation. Masks, respirators, 
goggles, helmets, etc., are used where necessary and where the exposure is 
temporary und not severe. 


Table 34 
Health Hazards Symptoms or Effecta 
Abnormalities of temperature. .., Anemia, general debility, catarrh, stiff jointe, 
Extreme dry heat crampa, lumbago, Bright’s disease, skin erup- 


tions, premature old age, cataracts, retinitis, 
conjunctivitis 
Compressed air....., <... Weakness, vertigo, pains in the back and legs, 
paralysis of legs and arma, painful constriction 
of the chest, cerebral hemorrhage and nphasin, 
coma, subcutaneous hemorrhages, impairment 
of hearing 
. ‚+++ Diseases of tho respiratory passage, neuralgic 
and rheumatic affections 
Dust... us «=. Cough, dyspnea, pleuritie pains, hemoptysis, 
Inorganic dust clubbed fingers, marked flatness of chest, 
deficient expansion (bilateral), dullness, dimin- 
ished resonance, mucous rales, fibrosis, ehronio 
inflammatory condition of eyes, ears, nose, and 
throat; colds, chronic catarrh of respiratory 
tract, pleurisy, pneumoconiosis 
[e .- Dryness of пове, throat, and mouth; cough, 
anaphylaxis, asthma, bronchitis, emphysema 
Extreme light... -... Cataracts, reti conjunctivitis, dermatitis, 
ulceration and exfoliation of the skin, electrical 
ophthalmia, cancer 
Infections, eere 1. Malignant pustule. Begins ns in@amed 
‘Anthrax pimple or boil. Papule becomes hard, with а 
External purple center and deep red жопе of infiltration 
surrounding, appearance of minute vesicular 
areola, Central papule becomes vesicular, dis- 
charges thick bloody serum, Inter forming n 
brown gangrene, A painful lymphangitia with 
hard edema extending over nesk and arm, 
Local phlebitis in the edematous aren, chilliness, 
anorexia, vomiting, prostration, high tempera- 
ture, feeble pulse 
2. Malignant edema, A spreading inflamma- 
tion of loose connective tissue accompanied by 
sloughing and gangrene. Constitutional aymp- 
toms, those of pyemin 


Dampnes 


1 By permission of the McGraw-Hill Book Company; condensed from Lange, " Hand- 
book of Safety and Accident Prevention," and the "International Critical "Tables." 


Health Hazards 
Tafentions (Continued) 
Internal 


Hookworm 


Septic infections 


Poor illumination 


Repéated motion, pressure, shook; 
ete ? Jet 


Acridine 


Acrolein 


Ammonia 


Ату! acetate 


Amy? aleohol 


Aniline and other amino compounds of 
benzol and its homologues. . 


Antimony and its compounds 
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Symptoms or Effects 


High fever, pains in head and back, vomiting, 
constipation, pain and tenderness in the ab- 
domen, rapid feeble pulse, palpable spleen, 
dyspnea, cyanosis. May be hemorrhage from 
bowels. When lungs are involved, there are 
additional symptoms: cough, pain in chest, 
suffocation 

Anemia, pallor of the face even when the blood 
count is not very low; a dull, heavy, listless 
expression, manner, speech, and gait; increasing, 
muscular weakness; occurrence of parasites in 
stool. Victims often complain of guai 
intestinal pains and cramps. In exaggerated 
vases there are edema, necites, progressive 
emaciation, protuberant abdomen, and increas- 
ing stupor 

Skin infections such ав boils, carbuncles, blood 
ning, localized lymplangitis or cellulitis 
eye strain, deficient vision due to. 
astigmatism or hyperopia, headache, giddiness 
(Bye strain contributes to neurusthenia) 


Pain of muscle used, set up by а myontitia, 
bursitis, synovitis, or other local changes of a 
chronic inflammatory nature; trembling, gradual 
emaciation, and partial paralysis of parte; 
acroparesthesia 

Irritation of the mucous membranes of the nose, 
larynx, bronchi, and eyes; acceleration of the 
heart's action; profuse night sweats 

Irritation and inflammation of skin and mucous 
membranes; severe burning and itehing of the 
akin; violent sneezing 

Itching in the throat; irritation of the ey 
exciting lachrymation; conjunctivitis, irritati 
of the air passages, bronchial catarrh 

Acute inflammation of the respiratory organs; 
cough, edema of the lungs, chronio bronchial 
catarrh, redness of the eyes, increased secretion 
of saliva, retention of the urine 

Nervous symptoms, headache, fullness of the 
head, giddiness, numbness, nausea, disturbances 
of digestion, palpitation of the heart, infiamma- 
tion of the respiratory organs 

Congestion of the head, oppression of the cheat, 
irritation of the air passages, lowering of the 
blood pressure, faintness, nausea 


Pallor of the skin, vertigo, unsteady gait, loss of 
appetite, increased frequency of respiration, 
anemia, slowing of the pulse, ecxematous erup- 
tions, bloody urine, spasmodic muscular pains, 
cyanosis 

Itehing eruptions of the skin; inflammation of 
the mouth, throat, and stomach; albumin in the 
urine, weakness of the heart, vertigo, faintness, 
согуза, dyspepsia, intestinal colic, nenbritia 
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Table 34— (Continued) 


Health Hasards 
Poisons (Continued) 
Arsenio and its compounds 


Arsenic (Arseniureted hydrogen), 


Benzine (Gasoline)... |... 


Benzol (Benzene). . 


Bruxs (Zinê)... 


Bromine* 


Carbon dioxide. . { 


Carbon disulfide. , 


Carbon monoxide, . . 


Carbon tetraehloride* 


Chloride of li 


Symptoms or Effecta 


Hesdache, melancholia, sleeplessness, gastric 
disturbances, emaciation, catarrh of the mucous 
membranes, skin diseases of various forms, fall- 
ing out of the hair and nails, melanosis, bleeding 
gums, peripheral multiple neuritis, paralysis 
Goneral malaise, difficulty of breathing, fainting 
fits, gastric disturbances, jaundice, bluish dle- 
coloration of the mucous membrane, pain in the 
region of the spleen and kidney, darkened urine, 
fetor of the mouth resembling garlic 

Headache, vertigo, nausea, cough, irregular 
respiration, weakness of the heart, drowsiness, 
cyanosis, twitching of the muscles, psychosis, 
skin lesions, asphyxiation 

Acute (chronic) headache, 
muscular tremor, scarlet lips, spots of oxtrava 
sated blood in the skin, irritant cough, fatty 
degeneration of liver, kidneys, and heart; blood 
symptoms (leucopenia), low count of гөй and 
white corpuscles and low hemoglobin 
Headache, general malaise, throat irritation, 
cough, nausea, vomiting, constipation, trem- 
bling, muscular pains, accelerated respirati 
profuse sweating, deposit of green tartar on the 
teeth, metallic taste in the mouth, mnemiu, 
premature old age, respiratory and degenorative 
diseases. Zinc chill which is influenced very 
little by heat, followed by deep sleep and 
profound physical depression 

Pallid countenance, emaciation, bronchial 
irritation and asthma, gastric disturbances, 
irritation of skin. Irrespirable gas causing 
pulmonary edema. 

Anemia, cyanosis, headache, drowsiness, vertigo, 
ringing їп the ear, and general nervousness 
Acute stupefaction, intoxication, pallor, reluxa 
tion of muscles, reflexes absent. Chro 
headache, pain in the extremities, tremblini, 
deainess, reduction of the reflexes, acceleration 
of the heart's action, nausea, digestive trouble, 
emaciation, disturbance of sense of vision, 
excitement and violent temper followed by 
depression, hyperstimulation of sexual inatinet, 
later its abnormal decline, chronic dementia 
Headache (usually frontal), dizziness, sense of 
fullness of the head, fatigue, nausea, general 
weakness, polycythemia, rapid naphyxiati 
Nausea, vomiting, abdominal pain, stupor 
deepening into соша, absence of reflexes, clonic 
convulsions, weak pulse, increased temperature 
and death 

Irritating cough, inflammation of upper air 
passages, difficulty of breathing, bronchitis, 
asthma, sometimes hemoptysis, conjunctivi 
lachrymation, hyperhidrosis, burning eruption. 
on the skin 


Health Hazards 
Poisons (Continued) 
GERRE IS E 


Chloroform*. ХЫ у. SAO dees 


©Могорїегїп®*......... ~ 


Chlorodinitrobenzol. . . 
Chloronitrobenzol, . 
Chromium compounds 


‘Cyanogen compounds Ma. 


hlorodiethyl sulfide (Mustard gas) 


Dimethyl sulfate. 


Dinitrobensol..... 
SLydrochloric neid. 


Hydrogen cyanide (Prussic acid) 


Hydrogen sulfide* , 
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Symptoms or Effects 


Pallid countenance, emaciation, bronchial 
irritation and asthma, gastric disturbances, 
irritation of the skin, chlorineacne, respiratory 
inflammation 

In ‘anesthesia the untowafd symptoms are 
shallow or irregular respiration, sudden севва- 
tion of respiration, pulse either very slow 
or very rapid, dilation of pupils, cyanosis, 
asphyxia leading to dilation of the heart, vagus 
stimulation, and finally failure of heart due to 
asphyxial ‘condition. In delayed poisoning 
there are great prostration, delirium, coma, dea! 
Lashrymatory and respiratory irritant, with 
specific action on the vomiting center. Causes 
coughing, nausea, vomiting, and, in large 
quantities, unconsciousness. Secondary effects 
are bronchitis, shortness of breath 


‚ See Nitrobenzol 


See Nitrobenzol 


1 Pitlike, phagedenio ulcers, very difficult to 


heal and very painful; perforation of the nasal 
septum at the cartilaginous portion, irrita 

of the conjunctiva, small areas of inflammation 
in the lungs, inflammation of the kidneys, 
chronic gastritis, anemia. 

Acute headache. Immediate asphyxia with 
unconsciousness, cyanosis and death, Chronie 
headache, vertigo, unstendiness of gait, nausea, 
loss of appetite, disturbance of gastric nud 
intestinal functions, slowing of the pulse; 
albuminuria 

Conjunctivitis and superficial necrosis of the 
cornea; hyperemia, edema, and, later, neorosis 
of the skin, lending to skin lesion of great 
chronicity; congestion and necrosis of epithelial 
lining of the trachea and bronchi. Systemic 
effects due to the ubsorption of the substance 
into the blood stream and its distribution to 
the various tissues of the body 

Strongly corrosive effect on the skin and 
mucous membranes, hoarseness, lnchrymntion, 
conjunctivitis, edema, photophobia 

See Nitrobenzol 

Irritation of mucous membranes, conjunctivitis, 
согуга; pharyngeal-, laryngeal-, and bronchial 
catarrh; dental caries 

Headache, vertigo, wnsteadiness of gait, 
nausea, loss of appetite, disturbance of gastric 
and intestinal functions, slowing of pulse, 
albuminuria 

Poisoning is of two types—acute and subacute— 
ng asphyxiation and irritation (conjuncti- 
vitis); bronchitis, pharyngitis and depression of 
the central nervous system, respectively. In 
low concentration the symptoms are headache, 
sleeplessness, dullness, dizziness, and weariness: 
pain in the eyes followed by conjunctivitis i 
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Table 34—(Continued) 


Heslth Hazards 
Poisons (Continued) 


"Hydrofiuorie acid. . 


Iodine’ 


Lend and ite compounds, 


Mercury and its compounds. 


Methyl sloohol.... 


Methyl bromide: 


Naphtha....- 


aniline, 
Nitrobensol and other nitro е 
pounde of benaol and its homologues 


| ГИА 


‘Symptoms or Effecta 


fairly constant; bronchitis and pains in the 
chest are frequent; further poisoning produces 
depression, stupor, unconsciousness, and death. 
Spasms—clonic and tonic—are present. Death 
from asphyxia is caused by paralysis of respira- 
tory center, while desth from subacute poisoning 
is associated with edema of the lungs 

Intense irritation of the eyelids and conjunctiva; 
coryza; bronchial catarrh with spasmodic 
cough; ulceration of the nostrils, gums, and 
oral mucous membrane; painful ulcers of the 
cuticle; erosion and formation of vesicles; 
suppuration under the finger nails 


. Inflammation of the lungs and pulmonary 


edema 


~ Pallor, metallic taste, nausea, anorexia, constipa- 


tion, lead line on the guma, nsthenia, lassitude, 
headaches, arthralgias and neuritis, weakness 
of grip, tremors of fingers and tongue; lend 
paralyses, especially of extensor muscles used 
most; atrophy of optic nerve; blood symptoms 
are low red and white count and low hemoglobin 
and presence of stipple cells 


- Ptyalism; swelling, inflammation, and bleeding 


of the gums; blue line on the gums, rodent 
ulcers, pallor, mercurial tremor, digestive dis- 
turbances, localized white spota in the mucosa 
surrounded by pale blue or reddened arom, 
general weakness of the hand and digital 
extensors, foul breath, corrosion of the teeth, 
furunculosis, sleeplessness and depression or 
drowsiness and apathy, loss of energy and 
itintivo 

Hendaohe, nausea, abdominal cramps, ringing 
in the ears, muscular prostration, insomnia, 
delirium, difficulty of breathing, infummation 
of the throat and mucous membrano of the air 
passages, conjunctivitis, serious affections of 
the retina and optic nerve resulting in blindness, 
fatty degeneration of the liver 


- Vertigo, headache, staring look, pallor of the 


skin, retarded pulse, constipation, excitability, 
teembling 

Headache, vertigo, nausea, vomiting, dyspnea, 
palpitation, insomnia, hı 


See Aniline 


Skin 
globin 


gradually becomes eyanotio, methemo- 
formation, general debility, anemia, 
presence of hematoporphyrin, albumin, and 
sometimes free poison in the urine; skin erup- 
tions, Jaundice, visual disturbances, dyspnea, 
odor of bitter almonds in breath 
Severe headache, vertigo, nausea, paralysis of 
the muscles of the head and eyes аз well as of 
the lower extremities, cyanosis, reddening of the 
countenance, burning in the throst and stomach, 


Health Hazards 
Poisons (Continued) 


Nitronaphthalene. 


Petroleum. .... 


Phenol..... 


Phenyl hydrazine 


Phosgene, ....-- 


Phosphine*, 


Phosphorus, , 


Phosphorus trichloride*. i... 


Sulphur chloride. 


Sulfur dioxide. 


Nitrous gases and nitric acid. 


- Sensations of suffocation, difficult; 


. Irritation of the mucous membrai 
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disturbances of digestion, trembling, neural- 
gia, colic, retarded respiration and heart action, 
obstinate ulcers under nails and on the finger 
tips, eruptions on the plantar aspect of the feet 
and interdigital spaces, with extreme dryness 
and formation of fissures 


+ See Nitrobenzal 


Irritation of air passages, cough, labored respiri- 
tion, inflammation of the eyes, injury to the 
teeth, erosion and perforation of nasal septum 
Infisinmation of the skin, mene, вмррига и 
ulcers, papilloma, numbness and irritation of 
the Schneiderian membrane, headache snd 
sensory disturbances, affections of the rewpira- 
tory organs 

Erosion of the skin, eczema, irritation of 
respiratory organs, digestive disturbances, 
symptoms of degeneration of the blood, етилсћа“ 
tion, nephritis, gangrene, jaundice 

Vesicular eruptions on the skin with itohing and 
burning, diarrhea, loss of appetite, granular 
degeneration of the blood corpuscles, formation 
of methemoglobin, a sense of general malaise 
Destruction of lung tissue, emphysema and 
edema, myocardial insufficiency due to the 
emphysema, pleural thickening and adhesions, 
chronic bronchitis, mild diffuse bronchiectasis, 
nocturnal dyspnea, polycythemia 

Oppressed feeling in chest, headache, vertigo, 
ringing in the ears, general debility, lows of 
appetite, great thirst 

Infurnation and sclerosis of the bones and 
of the periosteum, necrosis of the bones of the 
jaw, swelling and ulceration of the gums and 
buccal membrane, loosening and falling ош of 
the teeth, suppuration and destruction of jaw- 
bone with fistulous channels burrowing through 
the cheek, meningeal inflammation, brittlencas 
of bones, digestive disturbances, emaciation 


stion, bronchitis, inflammation ol 
th frothy, blood-stained 


Jachi 
lungs and edema, 
expectoration 


- Itching, inflammation of the skin, vesioulsr 


eruptions, yellow pigmentation of epidermis and 
conjunctiva, inflammation of buccal m T 
membrane, digestive disturbances, verti 
jaundice, nasal catarrh, nephritis 

Symptoms are due to the combined ofiocta of 
chlorine, Һ 
Sulfur ebloride when in contact with m 
reacts with water to form these products. 
Suffocation, nausea and vomiting 


of the 
respiratory organs and eyes, spasmodic cough, 
bronchial catarrh, digestive disturbances, blood- 
tinged mucus 
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Health Hazards Symptoms or Effects 
Poisons (Concluded) 
Sulfur trioxide*. . . " ~ Irritation of the respiratory. organs; bronchitis 
Sulfuric acid. ......... ---- Inflammation of respiratory organs; injury to 


teeth through softening of the dentine; chronic 
catarrh 

Таг itch, diffuse acne, eczema or psoriasis, loss 
of appetite, nausea, diarrhea, headache, numb- 
ness, vertigo, albuminuria, edema, ischuria, 
inetivitis, bronchitis 


Tetrachlorethane (Acetylene tetra- 
chloride)....... :...:. Abnormal sense of fatigue, profuse perspiration, 
к and grouchiness, inability to 
concentrate, nocturia, slight polyuria, dreaming, 
headache, vertigo, nervousness, insomnia, loss 
of appetite, constipation, gas in stomach, gen- 
eral abdominal pain, nausea, eructations of 
gus, vomiting, loss of weight, jaundice, enlarged 
liver, bile in the urine, abdominal tenderness, 
increase of mononuclear cells, appearance: of 
many immature large mononuclears, elevation 
in the white count, slight increase in number of 
platelets 
Headache, weakness, difficulty in breathing, 
cyanosis, convulsions, psychic disturbances, air 
od irritation of renal organs 
throat irritation, obstinate cough, 
bluish color of the lips and lobes of the ears, 
lowing of the whites of the eyes, expeotora- 
tion of yellow mucus, discoloration—a mixture 
f lividity and jaundice, rash on the skin, 
palpitation of the 
heart, bile-stained urine, rapid weak pulse. 
Irritation of the mucous membrane of the eyos, 
nose, and 
inflammation; salivation; giddiness, headache, 
irritation of the kidneys, odor of violets in ли 
severe irritation of the akin, слота and harde 
ing of the epidermis 
\donsed from Lange, " Handbook of Safety and Accident Prevention," MeGraw- 
1 (*), which are condensed from the "International Critical 
ril 


Co 
il, except those mare 
"Tables," Vol. Ш, 
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Warning i 
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Safe Practices in Forging Metal Stamping—1034. 
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Identification of Piping Systems—1937. 

See Safe Practices Pamphlet С! 
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96 Industrial Power Бер 

97 Safe Operation of Pul 
98 Use and Care of Hoisting Chains 1939. 
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Cement Burning (Incluc 
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Storing, Pack 
Cement Mill 
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Chemical Burns (Their Nature and Treatment) —1037. 
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Preventing Accidents in Building Construction—1936, 


Safety and Health in Tunnel and Caisson Wark—1031, 
Safety in Excavation Work—1931. 

Brick Making—1937. | 
Non-traffie Hazards of th 


Selecting Drivers for О 
"Training Drivers for Con 
Commercial Vehicle Accident Reeords—1039. 
Preventing Vehicle Accidenta— 1937. 

Safe Maintenance of Electric Railway Rolling Stock—1031 | 
Safety in Food Preserving and С 
Safety in Candy, Chocolate and Cocoa Manufacture—1930, | 
Safety in Bukery Operations—19 
Safety in Milk Bottling Plants—1930. 
Safety in Macaroni Plants—1936, | 
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Safe Practio 
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Safety and Health i er Printing Establishinents—1030. 
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Paper Box Manufacturing—1936. 
Leather Tanneries—1937. 
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Safe Handling of Poles—1939. 
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Safe Practices in the Delivery of Ice—1937. 

Use of Motor, Hand and Push Track Cars—1933. 

Compounding Materials Used in the Rubber Industry Pt. 1—1937. 

The Safe Operation of nizers and Devuleanizers—1036. 
Rubber Industry Pt. И—1 


Safety in Wood Furniture Manufacture—1931. 
Safe Practices in Operating Commercial Lumb 


Health Practices 


in Industry—1936, 
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Health Service in Industry—1930. 
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Carbon Monoxide—1929, 

Caring for Injured Workers—1938, 
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10 Skin Affections—1934. 

11 Nursing Service in Industry—1930. 
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Розидслчохв oF THE NATIONAL Fixe PROTECTION ASSOCIATION ом Рав, 
Fran PuzvENTION, AND Fine PROTECTION 


2, 1937) 


(Corrected to Jan. 


Copies of the publications listed below will be mailed on application to National Fir. 
Protection Association, 60 Batterymarch St., Boston, Mass. 


A. Standard Regulations for Pire Protection and the Safeguarding of Hazards 
Published by the National Board of Fire Underwriters 


are the official 


Norm: The following N.F.P,A. Regulations have been adopted by, an 
standards of the National Board of Fire Underwriters. 


1, Acetylene Equipment for Lighting, Heating and Cooking. (1930.) 
3: Carbon Dioxide Fire Extinguishing Systems and Inert Gas for Fire and 
Explosion Prevention. (1 ) 
4, City Gas, Installation, Maintenance and Use of Piping and Fittings. (1932.) 
5. Combustible Fibres, Storage and Handling. (1937.) 
5: Compressed Gas Systems, otlier thin Ace 
7.) 
ба. Dip Tanks Containing Flammable Liquids, Including Harden 
7, Dry Shenae and Dry Dyeing Plants, Ssfervarding of. (1030) 
, leaning ап. өй lants, Safeguarding of. 3 
9, Electric Cars and ‘Trolley Buses, E erp Houses and Yards. (1935.) 
10. Electric Wiring and Apparatus (National Electrieal Code). (1937.) 
12. Fire Brigades, Private. (1930.) 
14, Fire Pumps, Centrifugal. (1933.) 
15. Pirst Aid Fire Appliances 
Use of. (1031) with amendments (1932.) 
16. Foam Extinguisher Systems, (1936.) 
17. Garages, Construction and Protection of. 


ne for Lightning and Heating. 


and Tempering 
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18. Gasoline Vapor Gas Machines, Lamps, and Systems. (1026.) 
19. Gas Shut-off Valves, Emergency. (1934) 
20. Gas Systems for Welding and Cutting, (1030) 

Hose Houses for Mill Yards, Construction and Equipment, (1936.) 
Internal Combustion Engines (gas, gasoline, kerosene, fuel oil) and Coal Gas 
Producers (pressure and suction systems). (1044.) 
Liquefied Petroleum Gases, Storage and Handling. (1937.) 
"Marine Oil Terminals. (1930.) 
; Municipal Fire Alarm Systems. (1984) 
Nitrocellulose Motion Picture Films (storage and handling), (1931)—with 
amendments (1936). 
Oil Burning Equipments, and the Storage and Use of Ой Fuels in Connootion 
"Therewith. (1934) —with amendments (1936). 
Outside Protection, Underground Piping Syste 
Extinguishment. (1991.) 
Ovens for Japan, Enamel, and Other Flammable Finishes. (1981.) 
Paint Spraying and Spray Booths. (19: 
Photographic and X-ray Nitrocellulose Film. Storage and Handling. 


а Supplying Water for Fire 


(1930,) 
32. Piers and Wharves, Construction and Protection. (1035) 
33. Proprietary, Auxiliary and Local Systems for Watclimin, Iiro Alarm and 


Supervisory Service. | (1031.) 
34. Protection of Openings in Walls and Partitions. (1035) 


Alarm and 


tallation of. (1935.), also A-201, 
под ла, and Use of in Factories Making Articles 


Storage, 
935)—with amendments (1936). 
Pyroxylin Plastic, Storage and Sale of in Other Than Plunt« Manufucturing 
Articles Therefrom. (1922) 

Sprinkler Equipments, automatic and open systems. Standard Class В 
Sprinkler Equipments. (1986.) 

Standard Threads for Small Hose Couplings. (1022) 

Standpipe and Hose Systems. (1031) 

Sugar and Cocoa, Pulverizing Systems for. (1980) See also A-201. 

Tanks. (Water, Gravity and Pressure, Towers, ete.) (1931) 

Valves, Controlling Water Supplies for Fire Protection, (1081) 

Ventilating, Air Conditioning, Dust, Stock and Vapor Removal Systems, 
Power Operated. (1937.) 2 


Regulations and Special. Committee Reports 
Published by the National Fire Protection Association 


100. Anaesthetic Gases and Oxygen, Recommended Good Practice Requirements 
for the Construction and Installation of Piping Systems for the Distribution of in 
Hospitals and Similar Institutions, and for the Construction and Operntion of 
Oxygen Chambers, (1934.) 

102, Aviation, Fire and Life Safety in. (1031) 


1026, Building Construction Operations, Recommended Good Practice Require- 
ments. (1935.) 
103. Building Exits Code. Stairs and enclosures, fire escapes, ramps, horizontal 


exits, doors, aisles, and corridors, elevators, escalators, slide esti systema, 

it drills, sigas and lighting, Requirements for schools, der V stores, 

ies, theatres and places of publio assembly, hospitals, sunituriume and 

ve institu (193 

104. Coal Pneumatic Cleaning Plants. (1930) Sen 

107. Fire Exit Drills and Alarm Systems. (Reprint 
(1935) 

108. Fire Hazard Properties of Certain Flammable Liquids, Gases and Volatile 
Боаз. (1935.) 

108a, Firo Hose, Care of. (1036) 

109, Fire Fighting Equipment in Metal Mines. (1930,) 

1004. Forest Fire Fighting Equipment, Community. (194) 

109). Gasoline Blow Torches and Plumbers’ Furnaces, Recommended Good Prao- 
tice for the Construction, Maintenance and Use of. (1934) 

110. Lightning, Protection of Life and Property against, (1937) d rut i 

110g. Liquefied Petroleum Gases. Automobile Tank Trweke amd Tank Trail 
for Transportation of. (1935.) 2 

111. Marine Fire Hazards. (1030) Appendixes also reprinted separately: A- 
Freeing Oil Tanks of Explosive or Toxic Gases. C— Stowage of Hazardous Com- 

modities. D—Internal Combustion Engines. 


ко А:201 
om Building Exits Code) 
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112. Mechanical Refrigeration, Hazards and Safeguards of. (1981) 
1128. National Standard Fire Hose Couplings and Fire Department Hose 
Connections for Sprinkler Standpipe Systems. (1934.) 
113. Private Residences. Specifications for. (1925.) 
Consolidated reports of the Committee on Protection 
of Records, 1923 to 1936, Including Regulations on Vaults. 
115. Rural Fire Departments, Equipment and Organization, (1934) 
116. Shoe Factories, Suggestions for Their Improvement as Fire Risks, (1923.) 
116a. Spark Arresters, Standard for Construction and Installation of, for Chimneys 
and Stacks. (1936.) 
116b. Spontaneous Ignition of Coal and Other Mining Products. (1936.) 
117. Spray Application of Flammable Finishing Materials. (1028) 
117a. Standard Fire Test Specitications. (1934. 
118. Standard Industrial Buildings, Specificati (1929.) 
119. Structural Defects. Suggestions for their Elimination and Protection, 
1100. Summer Homes in Forested Areas. Fire Protection and Fire Prevention 
(or. (198 
120. A Table of Common Hazardous Chemicals. (1920) 
а, Terminal Grain Elevators, Prevention of Dust Explosions in. (1931) 
121, The Watchman. Suggestions for Guidance on and 
Duties. (1925.) 
122. Water Charges. Report of Committee on Public Water Supplies for Private 
Fire Protection. ~ (1032.) 
128, Water Systems for Fire Protection on Farms. (1935.) 
N.F.P.A Standards Published by U, 8. Government 
‘These publications may be obtained from the Government Printing Office, Washing- 
ton, Р, C. Remittances should be included with orders, in cash, postal money order, or 
coupons sold by the Superintendent of Documents, Government Printing Office, Ава 
convenience to members, single copies will be furnished by the Executive Office when 
ordered with other publications. 


201. Dust Explosions, Safty Codes for the Prevention of. Dept. Labor, Bull, 662. 
Suppl. Bull. 6 
Starch Factories. | (1994) 
Flour and Poed Mills, (1933) 
Terminal Grain Elevators. (1988,) 
alverising Systema for Sugar and Cocoa. (1931) 
irinding Plants. | (1931.) 
jour Manufacturing Establishments. (1931) 
Pulverised Fuel Systems. (1933.) 
Coal Pneumatic Cleaning Planta. (1930.) 
Inert Gas for Fire and Explosion Prevention, Use of. (1031) 
Woodworking Plants, (1934.) 
202, Gasoline and Kerosene оп the Farm, Safe use and storage of. Dept. Agr. 
full. 1678, 
203, Fire Protective Construction on the Farm. Dept. Agr., Bull. 


В, Suggested Municipal Ordinances 


1. Automobile Tank Trucks and Tank Trailers. Regulating the Construction 
and Operation of. 

а. Buroau o Fire Prevention, To establish, provide officers and define thelr powers 
and duties. 

2. Chimneys, Flues and Fireplaces, To provide for the safe construction of. 

Explosives, Suggested Ordinances. t 

a, Fireworks Ordinance, Suggested. (Contained in D-21a.) 

4. Flammable Liquids and the Products. 7 To regulate the use, handling, 
storage and sale of. Including Appendixes on Gasoline Service Stations, and 
Rooms, Cabinets and Outside Houses for Flammable Liquids. 

4a. Fumigation Ordinance, Model. А 

5. Oil Burning Equipments, und Oil Storage in Connection Therewi 
ог Range Oil Burners. 

Sa, Oil Burning Equipments (Short form). 

|. Wooden Shingle Roofs, Prohibition of. . 

9. Fire Prevention Code for Cities. Advisory Outline. 

С. Reference Books 

1. Crosby-Fiske-Forster Handbook of Fire Protection. А standard reference 
volume for beginners and experienced men specislising in fre prevention and 
Protection. Tt is also an invaluable reference work for those occasionally requiring 


* Reprint from Quarterly. 


Selection, Instruct 


; Stove 
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specific facts of this character. Eighth edition (1936) 1154 pp, 434 by 0А 
242 illustrations, 161 tables, handsomely bound. 

Та. Field Practice. Inspection Manual designed for the use of property owners, 
fire departments and inspection offices in safeguarding life and property against 
fire, 200 pp. 428 by 634 in. bound in flexible "арака? 

2. Dust Explosions, ‘Theory and Nature of Phenomena, Causes and Methods of 

revention. thoritative 


ine 


ils, ete., found in the field 

by inspeotors, and notes the hazards, 950 pp., illustrated. 

4. The Boston Fire Waste Survey. А comprehensive report on the fire waste 
problem of Boston prepared by tbe field engineering staff of the N,F.P.A, 319 pp., 


illustrated. 
Note: A paper, "Fire Protection Engineering us Applied to Municipalities,” by 
Akers, describing the Survey, is available in pamphlet form, 


5. Hydraulics of Fire Streams and the Nozzle as an Accurate Water Meter. 

‘Two papers recording original experiments by Freeman, reprinted from "Transac- 
tions of American Society of Civil Engineers. 210 pp., illustrated, 

dre Teste of Building Columna. An Experimental Investigation of the 

er with 

300 


Resistance of Columns, Loaded and Exposed to Fire or to Fire and Wu 
Record of Characteristic Effects. Published by Underwriters’ Laboratorie 
рр. 

7. Prevention and Control of Farm Fires. A popular handbook on the auses 
of farm fires and best methods of safeguarding against loss of life aud property. 
An attractively bound 167-page volume. 

8. The Volunteer Fire Company, by Brinckloe, An attractive 108-puge volume 
with 24 illustrations of volunteer fire department apparatus, equipment and fire 
fighting methods, 


D. Popular Educational and Miscellaneous Pamphlets 


1, Advanced Courses in Firemen's par А Bond. 
1а. Automatic Sprinkler Systems by Fire Departments, Use of,t 
8. Belt Dressings for Eliminating Static Electricity.* dwards and Reed. 
4, Carbon Dioxide Fire Protection. Moulton, 
6. Certificate of Оссирапсу. Mille: 
ба. Chlorine in Industry.* Ston 
60. Cigarettes, Fire Hazard Test with.* Hofheims, 
8. City Planning and Fire Protection.* Klein. 
Sa, City Planning and Zoning in Relation to Fire Prevention and Fire Pro- 
ction, 
9. Decreasing the Fire Hazard. Wentworth. 
12. Dwelling House Inspections.* Tierney. 
12a. Dwelling Inspection by Fire Departments.* 
13. Explosions, Dust and Smoke,* Steward. 
14, Fire Alarm Central Statio; Revised and reprinted. Carroll. 
15. Fire Department Drill Towers. 
16. Fire Department Pumpers, Their Effective Use and Cı 
Protection Facilities. Daniel. 
10a. Fire Department Records.* 
17. Fire Effects on Fire-Resistive Construction.” Burton. 
l7a. Fire Guses.* Ferguson. 
18. E Prevention ibits. Illustrations of fire prevention exhibits and window 
lisplays. 
19, Fire Prevention Week Handbook. Suggestions for guidance in planning the 
observance of Fire Prevention Week. 48 pages, illustrated. 
20. Fireproofing of Wood.t Truax. 
21. Fire Test of Brick Joisted Buildings.* 
n Fireworks Casualties and Regulation.* 
22. Fresno, The Story of. А Tale of the Redemption of a Fire Department.* 


ordination with Pri 


* Reprint from Quarterly. 
+ Reprint from Proceedings. 
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Gasoline Transport Truck Fires.* 

High Tension Wires and Hose Streams.* Walker. 

Indianapolis, The Story of. А successful fire prevention campaign.* 

Individual Liability Laws for Fires due to Carclessness or Neglect. 

Inspected Electrical Appliances. Published by Underwriters’ Laboratories, 

Inc. (Revised semiannually.) 

Inspected Fire Protection Appliances. Published by Underwriters’ Labora- 

tories, Inc. List includes appliances and materials which have been investigated 

ав to the fire hazard, (Revised semiannually, 

29. Inspected Gas, Oil and Miscellaneous Appliances. Published by Underwrit- 
ers’ Laboratories, Ine. List includes devices, materials and systems which have 
heen investigated as to the fire hazard. (Revised semiannually.) 

29a. Jute, Heat and Ignition Tests with. 

30. Loss of Life by Fires in Buildings Equipped with Automatic Sprinklors.* 

31. Menace of the Wooden 8 

32, Metal Working Processes, “Mine. Including Fire Record of Metal Working 
Industries. 

33. Modern Fire Fighting in Small Cities.* McAuliffe, 

33a. Municipal Fire Apparatus Budget Programs." Hughoc. 

34. Municipal Regulation of Oil Storage, The.* Мошо 

35. Mysterious Barn Fires.* Price. 

36. ОЙ Tank Fire Tests.* Joint report of engineers of five oil 

37. Organization Plan for a Fire Prevention Committee. 

37a. Private Fire Brigade Results.* 

10. Railroad Fire Hazards.* Rapalje. 

41: Record Protection and Office Equipment.* Ing) 

43. Safeguarding the Home against Fire. Fire Prevention Manual for School 
Children, Published by National Board of Fire Underwriters, 

44, Salvage. McAuliffe. Chairman, N.F-P.A, Committee on Salvaging Operations, 

Published by National Board of Fire Underwriters, 

44a, Belected Demonstrations for Use in Fire Safety Education.* 

45, ‘Smoke and Water Damage. Roberts | 

45a, Spontaneous Ignition of Chopp y^ R 

46a. Sprinkler Users Win Rate Caso.* 

400. Sprinklers in Boston Apartment Houses Wentworth. 

Абс. Static Electricity as a Fire Cause.* Turkingt 
“Story” of the National Fire Protection Association. 

48. Syllabus for Public Instruction in Fire Prevention. 

40. Tests of the Severity of Building Fires." Ingberg. 

49a. Uninsulated Steel Vault Doors.* Porter. 

50, Thermostats. Hendricks. 

50а. Venting Dust Explosions. 

00. Water Supplies for Rural Fire Protection." Charnock. 

0с. Use of Water to Extinguish Oil Fires.* Brown. 

Sod, Water Damage Following Sprinklerod Fires. 

51. Wired Glass Windows in the Fall River Conflagration. 14 pp., illustrated. 


panies, 
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REPORTS AND REPORT WRITING 


BY FRED C. ZEISBERG 


RerERENCES: Allbutt, "Notes on the Composition of Scientific Papers," Mnc- 
millan, London, 1923. Baker, "The Preparation of Reports," Ronald Press, New York, 
1924. rle, “The Theory and Practice of Technical Writiny Macmillan, New York, 
1911. Harbarger, "English for Engineers," McGraw-Hill, New York, 192 Hubball, 
The Chemist and His Message, Chem. Ind., 47, 1110-1113 (1928), orton, The Art of 
Writing Scientific Reports, Sei. Monthly, 11 (6), 648-654 (1920), Rickard, “Technical 
Writing,” Wiley, New York, 1923. Sypherd and Brown, “The Engineer's Manual of 
English,” Scott, Foresman, Chicago and New York, 1933. 8. M., О: ntific Writing, 
Chem. Ind., 41, 1114-1115 (1928). Trelease and Yule, “Preparation of Scientific and. 
‘Technical Papers," Williams & Wilkins, Baltimore, 1925. ТТ. W, J., The Titles of 
Chemical Papers, Chem. Age (London), 11, 237 (1924). 


There are two general classes of reports in which the chemical engineer is 
most likely to be interested: (1) form reports, used in the control of some 
plant operation or recording of a research experiment, and (2) general reports, 
varying from routine weekly reports on experimental work to veritable 
volumes covering a detailed analysis of a whole industry. Financial reports, 
of course, have their place in many chemical engineering studies, but dis- 
cussion of these will be omitted from the following. 


FORM REPORTS 


Daily Reports. These are generally designed for the purpose of recording 
pertinent data in connection with some plant operation. A ruled form is 
made up, containing blank spaces in which the significant figures can bo 
inserted, usually by the foreman in charge of the operation. The size must be 
chosen with respect to the number of entries required, but it is well to bear 
in mind that if these reports are to be filed there are certain standard-size 
cabinets or drawers, such as 4 by 6 in., 5 by 8 in., 814 by 11 in, and 844 by 
13 in., in which the reports can be filed neatly and without wasted space if 
the form is chosen of one of the standard sizes instead ot being made up to 
any odd size, 

Once the form has been made up, it can be multigraphed or printed and is 
then ready for use. Such reports show the weights of materials fed to an 
operation and products delivered therefrom, together with figures showing 
temperatures, pressures, chemical tests, or any similar matter important in 
the control of the operation. Even when recording thermometers or pressure 
gages are part of the regular equipment of a process, the use of a daily report 
form requiring the periodic entry of significant figures by the operator in 
charge insures better control of the process. 

For continuous processes the daily report form usually provides for a 24-hr. 
operation, and, since most chemical operations are on an S-hr. shift basis, 
three separate foremen or operators fill in one form. It is hence customary 
to provide spaces designated shift 1, shift 2, and shift 3 for the signatures of 
the three men in question, so that responsibility for irregularities on any shift 
вап be easily placed. 

The daily reports ate sent daily to the supervisor in charge of the operation 
and are kept on file in his office, for use in compiling the monthly report. 
They serve, also, to bring to his attention quickly any abnormal condition 
in thg operation in his charge. 
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Only the most general directions сап be given regarding the designing of a 
daily report form. Common sense must be used liberally. Spaces should 
be provided for all figures needed in the chemical accounting of the process, 
and only such additional figures should be required as are necessary to an 
intelligent control of the process. On forms used for continuous processes, 
the length of time a process is interrupted should be noted. A space, usually 
the reverse of the form, should be reserved for comments by the operator, 
and he should be encouraged to make them. It is well, from time to time, 
to look over the form critically to see whether figures once regarded as impor- 
tant cannot be omitted and to make sure that no other figures which have 
become important fail in being reported because no spaces are provided for 
them. 

Monthly Reports. Most chemical manufacturing companies require 
monthly reports on the various chemical operations conducted by them. 
‘These are designed to give information not contained in the usual cost sheets 
and permit a comparison of operating efficiency month by month, or among 
plants. The daily report is the source of information used in compiling the 
monthly report. 

‘The same points important in the compilation of daily reports apply equally 
well to monthly reports, except that monthly reports are usually permanent 
records and should hence be on a better grade of paper than daily reports, 
which may be destroyed after the monthly reports are compiled. 

Research Form Report: While research data are preferably, and for 
tho most part, recorded in blank books, it is often more convenient to use 
loose-lenf forms. This is particularly the case in continuous experiments on 
the semiworks scale, in which the responsibility for recording the data is passed 
on from one shift to another until the run is completed. Since the correlation 
of the data is usually in the hands of someone other than those who record 
them, it is obvious that a blank book, which might be needed for the record- 
ing of а succeeding run, would not be so handy as а pad of loose-leaf report 
forms, 

‘The forms, of course, will have to be designed for the particular experiment. 
Probably the most convenient size is 819 by 11 in., as this can be filed in 
atundard letter files or placed in ring binders for future reference. For runs 
lasting several days, and particularly in those cases in which data on one 
form must be compared with those on another or with the record from some 
continuous recording instrument, it is very convenient to use 24-hr. time, i.e., 
to call midnight 24:00 o'clock. ‘Thus errors arising from comparing data for, 
say, 3:00 A.M. on one sheet with those for 3:00 P.M. on another sheet, are 
avoided. 


GENERAL REPORTS 


Та this category fall such papers as research reports, descriptions of planta, 
industry surveys, analyses of newly proposed or going processes, and many 
other similar writings, varying in size and scope from one-page memoranda 
to monographs extending into hundreds of pages. At least two cardinal 
points must be borne in mind in the preparation of all of these: absolute 
clarity, and the training and experience of the reader for whom the report is 
meant. Even when discussing the various subheadings below, it is obvious 
that only generalities can be touched upon, each particular type of report 
being subject to great flexibility in method of presentation, depending upon 
the individuality of the author, the points he wishes to emphasize, and the 
limitations of the readers whom he wishes to reach. 


2954 REPORTS AND REPORT WRITING 


Research Reports. These аге nearly always prepared for a group of 
readers of the same general experience and training as the author. There is 
hence no restriction on the fullest use of technical language, except that terms 
very special to the subject under discussion should be defined early in the 
report, if this report is meant Гог technical men who have not specialized in 
the subject as fully as the author. In the following discussion, it should be 
remembered that commercial research laboratories, in which the researchers 
are part of an organization and not individualists, have been kept in 
mind. 

Various systems of reporting the results of research work are in vogue. 
Several systems used in research laboratories connected with the chemical 
industry will be briefly described and commented upon. 

In one it is the practice for each man to prepare a brief, separate, weekly 
statement of progress on each subject. This has the advantage of keeping 
his superiors up-to-date, but the disadvantage that a considerable stenographic 
and filing effort is required. Moreover, the information being in homeopathic 
doses, it is doubtful whether the superior for whom the report is meant, espe- 
cially when he is handling a number of studies, can properly integrate the 
disjointed weekly reports into a well-rounded picture of the status of the 
work on each study. The same laboratory, in which this weekly roport 
system is the practice, requires monthly reports on each subject, regardless 
of whether the research has reached a logical point for a report or not. This 
monthly report is much fuller than the weekly report and attempts to review 
and coordinate the information developed since the previous monthly report 
was issued. 3 

In another research laboratory no weekly reports are required, but monthly 
sections are written on each subject, the whole being combined in a single 
monthly report. No final reports are required, a series of sections in the 
monthly report serving as the history of the research. 

"The advantages of requiring reports at stated intervals are various. ‘There 
unfortunately exist a number of research workers who approach report writing 
as a distinct task, and who consequently postpone writing up their results 
until, in the enthusiasm of pursuing some new line of research, they neglect 
entirely to write up properly their past work. For this class the monthly 
report, though а bore, is a necessity. Further, in writing up a research in 
monthly installments, the opportunity is provided for suggestions from readers 
of the reports to be tried before the research is terminated. Finally, monthly 
reports establish dates, at least within definite time limits, which may become 
exceedingly valuable in future establishment of priority in patent litigation. 

‘The disadvantage of the monthly report, at least when a final report review- 
ing the whole research is not required or not prepared, is that the researcher's 
viewpoint may change considerably as the work proceeds, and statements of 
fact or theory made early in the course of the work and subsequently found 
in error may remain in the record uncorrected. Also, with the best intentions 
in the world on the part of the author, such a series of reports is bound to 
present a disjointed and unfinished appearance, which would be absent in a 
full report prepared on the completion of the work. 

Some laboratories follow the practice of reporting research work only on 
the completion of the study on a particular subject. If the study is not too 
long, this practice results in the best type of report, but it is not without ita 
disadvantages. If the study is a long one, especially if the researcher does 
not make copious daily notes, points of considerable importance may поб be 
reported. Even on short studies there are men whose memories will not 
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al all the desired facts when the report is being written. For these, 
periodic reports provide the best medium. 

There probably is no hard-and-fast rule which is applicable to reporting 
the results of all kinds of research at all laboratories. The length of the 
research must determine, to a large extent, the manner in which it is reported. 
‘The peculiarities of the researcher must also be considered. The ideal way 
to produce the best and most readable report is to prepare this report at the 
conclusion of the research from copious dated notes taken during the progress 
of the work. Unfortunately, this happy end can hardly ever be attained in 
the commercial research laboratory. For the sake of keeping those at the 
head of the laboratory reasonably promptly informed as the work progresses, 
aid to assure some literary activity on the part of those men who dislike 
ting, the monthly report is perhaps the best system. То make it complete, 
however, there should be a final report in which are incorporated all of the 
findings of the preceding monthly reports properly coordinated. 

1, Form of Research Report. Instead of leaving the form of the report 
to the caprice of the author, experience has shown that it is well to prescribe 
it. There are, of course, several possible forms, but one which has been 
adopted as standard in a good many laboratories is described below. 

First comes the introduction, in which is stated the reason for making 
the study and the end it is hoped to attain. Next comes а section devoted 
to the state of the art, which may also be called the historical section. 
‘Then comes the body of the report in which the research is described and, 
finally, comes the summary and/or conclusions, At some laboratories 
it is the practice to put the summary immediately following the introduction, 
во that a busy executive need not leaf over the whole body of the report, in 
which he has no particular interest, to find out what the results of the research 
were. 

Ш is often the practice to attach an appendix in which are shown illustra- 
tions, tables, or references to the literature. It is a nuisance, however, to 
have to turn over to an appendix to refer to something which must be con- 
sulted to obtain a clear understanding of the text. For this reason small 
tables ure best incorporated in the text, and for the same reason references 
to the literature or to patents, if they are not too numerous, are best shown in 
parentheses in the text itself. If there are many such references it is better 
to give reference numerals in the text and to show the reference itself in foot- 
notes or in a bibliography in the appendix. In giving literature references. 
it is well to adopt the abbreviations standardized by the American Chemical 
Society and used in Chemical Abstracts. 

Since illustrations, unless they are small, cannot be conveniently shown 
in the body of typewritten text, and then only if they are separately: made and 
pasted into a space left for them, it is common practice to show these on 
separate sheets. Such separate sheets, particularly if they carry curves or 
diagrams which must be repextedly consulted to get the sense of the text, 
are best made with throw-outs, 1.., on folded sheets which can be opened to 
expose the figure beyond the edge of the report. Тһе eye-can then easily 
pass back and forth between the text and the figure. 

Research reports have commonly been bound at the top, but it is much more 
convenient to bind them along the left margin so that they open like а book. 
Bound thus, they are easier to read and they file more readily, either in loose- 
leaf ring binders, or in file cabinets. The above is true for the standard 
report, on 814 by Ilin. paper. In some companies, reports for the higher 
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executives, and all reports for use in legal cases, must be written on 8¢-by 
13-in., or 8}3-by 14-in., paper, which is more conveniently bound at the top. 

2. What to Include in а Research Report. The sole product of a piece 
of research, except for the experience gained by the researcher, which may be 
lost owing to his denth, or to his leaving the employ of the organization for 
which he is working, is the reports produced in its prosecution. It is con- 
sequently of the utmost importance to make these reports complete. It is 
much better to err on the side of including too much rather than too little. 

‘There is a temptation to leave out details, or little side experiments, which 
at the moment appear to have no bearing on the main subject under con- 
sideration. Research reports are permanent records, however, and something 
apparently of no importance at the time may assume considerable significante 
in the light of later knowledge. 

If it is not desired to clutter up the body of the report with apparently 
irrelovant matter of this kind, the appendix always provides а convenient 
place to record it. 

Оп the basis of the facts recorded the deduction of а theory to account 
for what has happened may not be justified. However, there are individuals 
gifted with an intuition which can deduce theories on very slight evidence. 
‘There is no objection to the inclusion of such theories or explanations if it is 
made clear that they do not purport to be more than unsupported hypotheses, 

1t is also important to give credit for suggestions used in the prosecution 
of research work. Modern industrial research is nearly always the product 
of team work, and, ns far as possible, each team-member's contribution should 
be noted in the reports. This is important not only to maintain esprit de 
corps but may be of great value in determining the inventor, in case of putent. 
application. 

Descriptions of Plants. In this type of report the form is much simpler. 
‘There may or may not be an introduction, and a summary may or may not 
be necessary. The body of the report in this case is the important thing and, 
for convenience, may be divided into a number of headed paragraphs, espe- 
cially when the description goes into considerable detail. Some such headings 
might be location, raw materials, labor supply, water supply, shipping 
facilities, ote. If at all possible, a flow sheet to show tho flow of materials 
through the plant should be included, because it makes it unnecessary to 
describe the process во fully und also makes the process much clearer to the 
render. If drawings or photographs are available they should be included; 
if not, there should be included at least a diagrammatic sketch of the plant. 

In describing а process it is well to follow some material, from the point 
whore it enters, in its course through the plant. — 1f there are several materials 
of equal importance, they should be followed through one after another, 

After the process has been described in general, the description ean go on to 
the individual steps in detail, taking up the apparatus used in the step, the 
process occurring therein, and в discussion or criticism of the step. The 
author's opinions should be clearly differentiated from facts, however. 

In this type of report the class of reader should be particularly carefully 
borne in mind. Many such reports are destined to be used by non-technical 
business men to assist in deciding whether the plant in question should ђе 
purchased, In that case it is necessary to be careful to make the description 
as non-technical ns possible and to bring out clearly in the summary the 
important facts developed by the inspection covered in the report. 

Industry Surveys. It is frequently necessary to report on an industry, 
in order to provide information upon which the erection of new plants is to 
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be bused. In that сазе the report must cover the consumption of the com- 
modity it is purposed to manufacture, segregating this consumption into 
uses and into as small territories as is possible. The probable future con- 
sumption must then be estimated and reported upon. Raw-material supplies 
must be looked into, from the standpoint of location and abundance. Freight 
rates on raw materials and on the finished product must be examined, in 
order to determine in which locality, supplying the possible markets, minimum 
freight charges would be incurre Such а report may be brief or detailed— 
the purpose for which it is to be used must determine this point. 

To even а greater extent than is true for process reports, industry surveys 
are nearly always made to be used by non-technical men. The chemical 
engineer must hence be doubly on guard when handling technical subject 
matter to make this intelligible to the lay reader. 

General Remarks. The preparation of а good report presupposes the 
ability to write. There is an enormous variation in ability in this respect, 
however, among otherwise able men. As mentioned before, the primary 
consideration is clarity. If a report is clear, errors of construction or gram- 
mar can be overlooked, But no technical man likes to think that his report, 
though correct as to facts, and free from ambiguity, is not couched in the 
best of English. 

For those who haye difficulty in expressing themselves, or who are not satis- 
fied with their best effort, perhaps no advice will help more than that to read 
good authors, Newspapers, unfortunately, are not generally written in the 
best English, if some editorials are excepted. In general, philosophers write 
good English. Huxley and Spencer are shining examples. Darwin is good, 
though not so precise in his use of words as Spencer. Thackeray uses English 
marvelously, Dickens is inclined to be careless. Robert Louis Stevenson ік 
famous for the саге he took in his writing. Mark Twain's use of English је 
excellent. 

One of the most important points in writing good English is the exact use 
of words. While much can be learned about the exact meanings of words by 
consulting а dictionary, the finer shades of meaning can be learned only 
through reading, to see how words are related to other words by the best 
writers. Much сап be learned by consulting books prepared on the subject 
of report writing. These go much more fully into the subject than is possible 
here. For those who want to pursue the matter further, the references at the 
beginning of this section will be of service. 

Regarding the more mechanical features of report writing, much can be 
learned from the style sheets issued by large publishers and by engineering 
societies, such, for example, as the American Society of Mechanical Engineers. 

In closing, there is one piece of advice to bear in mind—write for the sake 
of the matter and not for the sake of the writing. 
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A.S.T.M., color scale, 1283 
distillations of petroleum fractions, 
1458, 1459, 1461 | 
t 


comparison with true boiling ри 
1407 
standards on сов] and cake, 2331 
Atmosphere, variation of, density with 
elevation, 77 
pressure with elevation, 773 


ATMOSPHERIC COOLING TOWERS 


Atmospheric. at towers, 1108, 1112 
Atomic numbers, of the elements, 2735 
Atomie volumes of elements, and gas 
absorption, 1169 
Atomic weights, of the elements, 2735 
‘Atomizing burners, for fuel oils, 2356 
Atomizing metals, 2005 
Atomizing nozzles, 1985 
applications of, 1993 
drop-size distribution by, 1992 
Attrition milla, 1909 
operating characteristics of (table), 1943 
Attritor mills, 1917 
Attritus, transparent, 2832 
‘Auger packers, 2298 
‘Austin crusher, 1890 
Austrian method of subtraction, 136. 
Automatic control, of process variables, 
2009-2089 
Automatic pulverizer, Raymond, 1925, 
‘Automatic scale, filling equipment, 2204- 
2301, 2304-2305 
Autotransformers, 2704 
is, power plants, power for, 2480, 


2486 
Average, value (of current or voltage), 
Avoirdupois units, conversion into metric 
system. (table), 2737 
Avoirdupois weights and measures (table) 


Axonometric charts, 255 

Aseotropic mixtures, 1870-1374 
effect of pressure on (table), 1373 
maximum boiling points of (table), 
‘minimum boiling points of (table), 1 


temperature-composition diagram, 1378 
ternary (table), 1374 


composition diagrams, 


Babcock and Wilcox, mill, 1930 
Pulveriser, 1060, 1070. 
Bachman, method of interpolating tie- 
data, 228 
plot of typical tieline data, 1229 
Backward feeding of evaporators, 1058 
Bad debts, bookkeeping, 2843 
Bafile-chamber(s), collectors, for 
and mists, 1862 
for wet collection of dusta and mists, 
1863 
wet, 1867 
ressure drop across, 828 
Bag(s), equipment, for closing, 2304 
holders, 2305 
Dustite, 2306 
Swellgrip, 2806 
liner insertion in, 2307 
machinery, 2304-2315 
pnekers, 2208, VA 2304 
sleeve valve, 2: 
textile, hand cove of, 2307 
machine sewing of, 2307 
valve, 2301. 
Bagasse, heating value of, 2341 
greon mill bagasse, 
Bagging equipment, 2: 
auger packers, 2298 


line. 


dusts 


BASIC SLAG 


Bagging equipment (continued) 
automatic scales, 2296. 
and weighing equipment, 2206 
Baghoı 
practice in = metallurgical plant, 1876 


Bagpak machine, 2304, 2305 
Bagpaker, 2304 
Bahnson humidifier, 2073 3 


Bailey, adjustable orifice, 2037 
coal meter, 2051 
Galvatron, 200 
gravity meter, 2070. 
Ledoux bell manometer, 2042. 
Pressure controller, 
pressure gage, 2028 


power type, 2081 
weir meter, 204; 
Baker’s mixer, 1548 


Baking, favorable hygroscopic conditions 
for, 1092 
Balance(s), heat, 742, 766 
material, 722 


Balance sheet, rms, 2847 
‘analysis, 2848 
percentage method, 2848 
ratio method, 2849 
standard ratios, 2850 
mami method К 
method of determining grindabilit 
of coal, 1964 с“ 
Ball mill, 1572, 1574, 1902 
theory of, 1902 
Hardinge, 1904. 
operation characteristics of, 1906 
Ball and Jewell rotary cutter, 1016 
out, production of, by grinding, 


grinding of, 1951, 
‚ chloride, densities of aqueoue 
'solütions of (table), 413 
electrolytic production of, 2800 
hydroxide, dissociation ' pressures of 
(table), 408 
oxide, dissociation pressures of (table), 


408. 
sulfate, filtri 
Barometer, ani 
mercury, 782 
reduction to standard temperature, 785 
standa: 
Barometric condenser, 1078. 
Barometric lege, for filters, 1607 
Barrel(s), elevators, 2202 
packing materials in, 2315 
liner insertion in, 2815, 2316 
packing liquids into, 2318-2322. 
Barreling meter, 2317, 2318 
Bartlett-Hayward, filter 
filter) 
washer, 1209, 1210 
Bartlett and Snow, crusher (table), 1898 
roll crusher, 1890 
rotary crusher, 1896 
Barytes, grinding of (table), 1929, 193; 
Bases, equivalent, electrical conductivity. 
of (table), 2741 
Basic industries, 2832 
Basic slag, pulverization of, 1956 


(eee Genter 
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BASIS 


Basis, selection of, in problem, 715. 

Basket-type evaporators, 1045 

Basle cell, 2795 

Bassanese furnace, 2806 

Batch vs. continuous rectification, of 
evaporators, 1055 

Batch, crystall 1781 


typical cooling eurves of, 1790 
dryer, 1489 
operation in evaporators, 1055 
rectification, 1443 

determination of number of plates in, 


1444 


from continuous rectifica- 
3443 
steam distillation, 1387 
Bath fuids, for temperature control, 470. 
Baths, constant temperature, 479 
Battery (les), breather, 2760 
Edison, 2760 
electric, 2754 
gravity, 2756, 
primary (table), 2756 
Baver attrition mill, 1912 
Baumé (degrees), "T w., Ib. /gnl. Ib./eu. ts 
вр. gr. 98 
Bauxite, as adsorbent, 1277, 1201 
(table), 1208 
grinding und drying, 1933, 1986. 
Bay leaves, pulverixation of, in Sebultz- 
O'Neill mill (table), 1026 
Beam lengths for gas radiation, 1015 
Beans, grinding of, 1900, 1911, 1945 
Bearing(s), antifriction, 2508, 2500 
‘grense-lubricated, 2508 
oilless, 2508 
power shafting, 2508 
power transmission, 2507 
pressures on, 2509 
roller, velocities for (table), 2510 
self-olling, 2508 
spacing of, 2508 
temperatures of, 2500 
Beater mills, Strong Scott type, 1004 
Beckmann rearrangement, 607 
Beet-sugar plant fltratiou, 1688 
Bolt(s), care of, 2503 
‘compression, in filtration, 1608 
conveyors, 2197, 2214 
data for, 2225 
dressings, 2497 
ves, 2504 
те protection of (tables), 2006, 2008, 
20 
elevators, 2202 
feeder, 2296. 
‘Hardinge constant-weight, 1905 
guards for, 2803 
hair, in power transmission, 2500 
joining of, 2501 
leather, in power transmission, 2404 
packer, 2301-2403 
‘and belt feeder, 2303 
shifting tube, 2302 
rubber, in power transmission, 2497 
shifters, 2804 4 
stitehed canvas, in power transmission, 
2499 
thicknesses of, for wire hooks (table), 
2508 


BLUE VITRIOL 


Belt-driven vacwum pumps, data on, 2279 
compressors, data on, 2278 
Belting (see Belt) 
Benzene, absorption in oil, coefficient of, 
1183, 
Benzene-air mixtures, limits of inflamma- 
bility, 2401 
Benzene-toluene mixture, equilibrium 
yapor-liquid compositions of (table), 
1377 
partial 


ssure diagrams for, 1376 
id. materials of eonstruetion 


sublimation of, 1478, 
Benzoin, pulverizing of, 1911 
Benzol, adsorption of (table), 1810 

as fuel, 

combustion data for, 2; 
Benzol-alcohol mixtures, as fuel, 
Berl saddles, 120: 

pressure drop in, 831 
Bernoulli's theorem, 800 
Berthoud-Valeton "theory, of 

growth, 1772 
Beryllium copper, pl 
2125, 2138. 
Billet reheating furnaces, heat transfer in, 


crystal 


сы! properties of, 


Bimetallie pipe, 906 
lur reactions nt constant volume, 


ng point, 1370-1312 
t-pressure liquid-vapor equilib- 


„phase diagrams for, 1371 
Binders for briquetting of c 
Binding agents for granulati 
Binomial approximations, 177 
Binomial theorem, 176 


ption! pyrometer, 2008. 


Bi 

Birkeland-Eyde process, 2815 

pulverization of, on 
(table), 


Bismarck brown, 
Raymond screen pulveriser 
1916 

Bismuth, eleetrolytie refining of, 2788 

Bituminous eonl(s), classification of, 28 

grinding of, 1914, 1962: 
physieal properties of, 
specific gravity of, 2320 

Blade mixer, 1043—1546, 1673 

Blake crusher, 1801 

Blast-furnace gas, analysis of, 2366 

as fuel, 2359 

Blast-furnace gas-air mixtures, limits of 
inflammability, 2401 

Blast-furnace stoves, hest transfer in, 007 

Blau gas, analysis of, 2305 

as fuel, 2359 
Bleach liquors, materials of construction 


for, 2102 
Bleeding, first aid for, 2034 
Blonding, 1529, 1580, 1563, 1576 
Blowers, for filters, 1697 

jet, 2487 
rotar: 
р 270 


posi 
Blue vitriol (see Copper sulfate) 


BLUE WATER GAS 


Blue, water ens, fractionation anal 
as fuel, 2359, 2366 
Board measure, definition of, 113 
Boiler(s), feed pumps, 2484 
feed-water treatment of, 2452 
furnaces, 2445 
plants, costs of (tables), 2490 
steam, 24 
boiler rating of, 2444 
draft in, 2447 
efficiency of, 2444 
rating of, 2444 
waste heat, 2445 
water walls of, 2443 
stokers for, 2448 
Boiling liquids, heat transfer to, 992 
Boiling, point; and rage mol 
weights of petroleu 


lar 
n fractions, 1347 
of "wzeotropic binary mixtures (table), 


870-1874 

inn of, 623 

illa tion, initial, 

true, 1460 

apparatus for, 146: 

applications of, 1461. 

comparison with 1461 

‘t of external pressure on, 024, 625 

elevation of, effect; on mulliple-effect 
evaporator, 1050 

by non-volatile solutes, 680 

nation of, 626 

for concentrated aqueous solutions, 
680 

organi 

of organi 


1450 


compounds 3 

compounds, 27 

xalê solutions (table), 478 
в 


Bolt loud, for high pressures, euleulation. 
of, 2175 
Bolting cloth, 1889 
for screening, 1706 
Bolts, strength of (table), 
Вопе(а), black (хее Bone 
dry, pulverization of, 
verizer (table), 1914 
steamed, pulverization of (table), 1955 
Bone char, 1277, 1204 
analyses of, 1295 
enne sugar roning by, 1207 
consumption, 12 
Поу sheet of, 1204-129 
grinding of, 1972. 
nanufacture of, 1204-1205 
evivifiention of, 1296 
water purified by, 1306 
Bonnot pan milk, 1909 
roller mills grinding rubber, 1989 
Bookkeeping, cash book, 2843 
and dost work, 2842 
credit book, 2843 
journals, 2842 
ledgers, 2843 
pay-roll hook, 2843 
purchase invoice book, 2843 
sales book, 2843 
Booth Agitair flotstion machine, 1739 
Booth-Hall furnace, 2807 
Borax, grinding in attrition nill, 1911 
Borda’: mouthpiece, 856 


20: 
har) 
Jay Bee pul- 


1297 


BUILDING SPACE 


Boric acid, pulverization of, in Raymond 
sereen pulveriser (table), 1916 
Boron carbide, production of, 2813 
Bosch fiow meter, 2188 
Bourdon tube, 2020 
Bowl mill, capacity of (table), 1970. 
construction of, 1968. 
flow sheet, 1069 
Bowser barreling meter, 2818 
Boyle point, 618 
Boyle's law, 617. 
Bradley Hercules mill, 
materials (raw), 1 
за preliminary on clinker (table), 1027 
Bradley-Lovejoy process, 
Bradley mills, 1027 
Brass(es), pipe, 905 
plating of, 2778. 
properties of, 2097, 2125, 2139 
Brick, acid-proof, makers of, 9152 
chemical, physical properties oí 
Bridge cranes, 2206, 
Bridgman packing, 2185 
ines, materials of construction for, 2101 
refrigeration, 2012 
Briguetting, 1908 
‘of coal, 2830 
finders for, 2330 
Bristol, Pyromaster, 2060 
wide-chort recorder, 2060 
Bristol-Derr liquid-lcyel controller, 2049 
Bromine, solubility in water, 1124 
Bronze(s), pip 
properties of, 2097, 2126, 2130 
Brooke pressure controller, 2034 
Brown electric manometer, 2042 
B.t.u. equivalent in therms, 104 
Bubble-cap, absorption towers, 1166, 1207 
епсу of, 1436-1440 


grinding oement 


ун, design of, 1483-1450 
jaw crusher, 1895 
rolls (table), 1899 
type Е roll erusher, 1899 
Buchu, pulverization — of, 
O Nell mill (table), 1026 
Buck-MeRae cell, 2795. 
Bucket carriers, 2100, 2229 
сове of, 2231 
data for (tables), 2230 
dimensions on, 2228 
elevators, 2201, 2218 
Budget schedules, 2872 
Budgeting in accounting, 2872 
Buflovac evaporator, 1046 
heat transfer in, 1087 
Buhrstone mills, 1909 
operating characteristics of, 
parison with pebble mill 
1980 
Builders Iron Foundry. meters, 2041 
Building(s), material, insulation value of, 
in refrigeration, 2605 
thermal conductivity of (table), 9 
952 
safety 
2874. 
table of 
Building spa 


in Sahuie- 


“able, 


measures in construction of, 
2881 

ances for safety, 2875 

› cost accounting of, 2863 
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BULE FEEDERS 


Bulk feeders, 2286 
Bulk-packing equipment, 2293-2322 
Bulk storage, 2282 
Buoyancy, center of, 776 

curve of, 776 

definition of, 776 

force of, 776 
Bureau of 


'ersal gas mask, 1321 

Burners, for fuel oils, 2354 

Burns, first aid for, 

Bursting teats on glass tubing, 2179 

Burt filter, 1671 

Butane(s), commercial, analysis of, 2386 
heat of vaporizati 
properties of, 
specific heat of 

thermodynamic properties of (table), 
2500 

Butters filter, 1673 

Büttner system dryer, 1511 

Butyric acid, material’ of construction for, 
2099 

By-products of gas fuels, 2362 


Cabinet dryers, 1508 
Gable ways, 2206 
Cachaza, filtration of, 1689 
Cadmium, carbonate, dissociation prest 
sures of (table), 408 
eleetrolytio recovery of (table), 2790 
slectrowinning, 2791 
nitrate, densities of aqueous solutions of. 
(table), 414 
plating, 2773 
сват воре 
erties of, 2 


physical 


prop- 


and Mathias! law, 622 

n јелена, and filtration, 1056. 

Cuking, of vi 
prevention of, 1799 

Calandria evaporator, 1045. 

Calcium, arsenates, drying of, 1512 

product produced by pul- 


1, 1975 
2811 
pressures of 


carbon 
(table) а 
grinding and drying, 1933, 1935 
chloride, brines, heat content of (table), 
2607 


of aqueous solutions of 
(table), 414 
grinding of, 1888 
materinls of construction for, 2102 
cyanamide, dissociation pressures of 
(table), 408 
hydroxide, ‘densities of aqueous solu- 
tions of (table), 414 
hypochlorite, densities of aqueous solu- 
on of (table), 414 
а of aqueous solutions of 


nitrate, dent 
(table), 414 
oxalate, dissociation pressures of (table), 
408 
phosphate, granulation of, 1939 
Caleulstion(s), design, 
1473 


for’ sublimation, 
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CARBON(3) 


Calculation (в) (continued) 
dryer, 1514 
of heats of reaction, 637 
technical, 715 
washing, 1000 

Calculus, differential, 216-224 


integral, 2 
Calder-Fox scrubber, 1863 
Calendar, Gregorian, 125. 
Callow cone, 1624. 
Callow flotation machine, 1738. 
Calorie values, of coals, 23 
measurement and control of, 2075 
Calorimeters, types of, 2075 
Calorimetrie determinations of heats of 
reaction, 630 
Calorimetrio flow measurement, 2046 
"Gan" dryers, for sheet material, 1508 
Cane-mud, filtration of, 1689 
Sane sugar, liquors, clarification of, 1689 
syrups, filtration of, 1686 
'annizzaro reaction, 504 
Canvas, stitched, belts of, Гог 
transmission, 2499 
Cap(s), shape und spacing of, in distilla~ 
Чоп, 1452 
Cap-slot and riser areas, 1450, 
Capacitance, definition of, 2040 
Capacity, lar, 2013, 2014 
of tanks, bulged tanks, 12 
dished tanks, 122 
horizontal eylindrieal, 119, 120, 
pipes and cylindrical, 118 
rectangular, 117 
vertical cylindrical, 128 
and volume,  egnyérsion 
equivalents, 102 
Capillarit 


power 


table and 


vated, adsorptive capacity 
1310, 1916 
data on (table), 1810 
deactivation of, 1815 
removal of adsorbed vapors from 
(table), 1316-1317 
adsorbent, ‘characteristics of (table), 
8-1309 
bisulphide, production of, 2814 
black, grinding of, 1973 
grinding proportions in linseed oil, 
1981 
hygroscopic relations of, 1091 
separation of, 1978 
butts, pulverization of, 1973 
decolorizing, 1298-1300 
applications of (table), 1304 
dioxide, lon in "NaOH and 
1185, 1188, 1189 
coefficient for absorption in КОН and 
Os solutions, 1174, 1183, 1189 
coefficient for absorption in water, 
1182 
compressibility factors of (table), 403 
dissociation of, 2407, 2408 
emissivity of, 1016 
heat capacities of, 2407, 2409, 2412 
Joule-Thomson effect of (table), 477 
molecular volume, 2384. 
Mollier diagram for, 711 


CARBON(S) 


Carbon(s), dioxide (continued) 
plants for, piping їп, 2611 
purification of, 1319, 1333 
radiation of heat from, 1015-1017 
saturated vapor of, 
(table), 2563 

solid, heat of fusion, 2625 
manufacture of, 2623 
properties of (table), 2025 
purification of, 2024 

solubility of, in alcohols, 1132 
in dicthanolamine solutions, 1185 


properties of 


in  monoethanolamine solutions, 
1136 7 

in triethanolamine solutions, 1133 
їп water, 1124 


and ‘sulfur, dioxide, temperature- 
composition diagrams, at con- 
stant pressure, 1369 
temperature-entropy, diagram for, 
АЕ 1987 
use in grinding, 193 
disulfide, in gaseous fuels, 2302 
liquid, specifio heat of, 544 
electrodes, comparison ‘of amorphous 
and graphite (lable), 2820 
gas-adsorbenty 1309-1321 
applications of, 1304-1300, 1309-1321 
decolorising, 1298. 
medicinal, 1277 
mixtures, grinding of, 1078 
pulverization of, 19 
monoxide, compress 
(table), 401 
heat capacities of, 2407, 2412 
recorder, Mine Safety type, 2076 
solubility in water, 1125 
pipe, 909 ч 
products, grinding of, 1962 
Theostats, 2685 
steels, ВАЛО. No. and analyse 
structural, makers of, 2159 
properties of, 2098 
tetrachloride, coefficient for absorption 
in kerosene, 1186 
vegetable, grinding of, 1072. 
Carbonnte-bicarbonute equilibrium, 2024 
Garbonates, crushing of (table), 1051 
Carbonisation of coal, 2332 
products of, 2334 
Carbonyls, metallie, preparation of, 2005 
Carborundum, granulation of, 1949 
Garbureted water каз manufacture, 2300 
Cardan, method, cubic equations, 181 
Carriers, bucked, 2199, 2229 
cost of, 2231 
data for (tables), 2230 


factors. of 


2144 


pipe, 880 
Castings, electroplating of, 2776 
Castner vell, 2791 м 
Catalysts, industrial practice with, 587 
Catalytic investigation, 586. 

Cathode fall of potential, 2002 
Cationic reagents, for flotation, 1736 


CENTRIFUGAL CLARIFIER 


Cations, adsorption curves for, 1973. 
Caustic, electrolysis cells for, 3791 
Caustic alkalies, materials of construction 
for, 2102 
Caustic’ soda, continuous countercurrent, 
decantation of, 1647 
filtration of, 1691 
Cayenne pepper, grinding of, 1926 
Gelery seed, pulverization of, 1926 
Gelestite, grinding of, 1951 
Cell(s), 2087 
Allen-Moore, 2795. 
Basle, 2795 
bell-jar, 2703 
Buck-MeRae, 2705 
Castner, 2791 
Daniell, 2755 
dry, (table), 2750 
Ed 


Hargreaves-Bird, 2793 
Hooker, 279 
Knowles, 2767 


Pomilio, 2: 


photoeie 2087 
primary and se 
secondary, 2760 


Sorensen, 2791 
standard, 272: 
Tow 7 
Voree, 2795 
Wheeler, 2795 

Cellarius tourills, 1197 

Cellulose acetate, drying of, 1512 

hygroscopie moisture of (graphe) i 
1089 


Cellulose lacquers, favorable hygrostopic 
conditions for, 1092 

Cement(&), acid m 
metal joint, 945 

clinker, grinding of (tables), 1904, 1 
1558, 1959 

crush; d for, 1057 


dust, particle size of, 1850 
grinding of, operating data for, 1958, 
959 


industry, crushers and mills employed 
by, 1904, 1933, 1950 

“al properties of, 2152 

cement-lined, 910 

tator, 1870 


pipe, 
plate electrical prec 
rock, grinding of, 1915 
sampling of, 17: 
slurry, filtration of, 1687 
grinding, 1612 
Centigrade degrees to Fahrenheit degrees 
108. 
Centipoise, 1533 
Centrifugal apparatus, cyclones, 1803 
Centrifugal clarifier, 1808 
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CENTRIFUGAL COMPRESSORS 


Centrifugal compressors, 2270 

refrigeration in, 2587 
Qentribural dry-as cleaners, 1804 
Centrifugal fans, 2206 
Centrifugal filter, 1808 
trifagal multi-vane separation, 1922 
Сеш] зш) 

type mixer, 1543, 156; 
Centrifugal purifier, 1808 
Centrifugal refrigeration with '* 

1100 
Centrifugal separator, 1808 
Centrifugal turbo-compressors, 
ое Pipe, 008 
Centrifugation, adsorbent treatments 
їп, 1830 

chemical treatment in, 1830 

coagulation in, 1829 

emulsion breaking in, 1831 

grease recovery by, 1840 

industrial application by, 1838 

„1830 
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Preon-11, 


ni 
Contritugos, 1808-1840 («ne aloo Sepo- 
rators 
accessory equipment for, 1827 
applications of, 1838-1849 
basket, 1808, 1830, 1837 
operating data for, 1837 
batch, 1808 
breaking of emulsions with, 1275 
continuous, 1808 
corrosion of, 1838 
design of, 1816, 
energy required by, 1883 
feed regulators for, 1829 
lubrication of, 1832 
operating dati for, 1836, 1887, 1838 
power requirements of, 1833, 1 
Separation of dusted mio, 180 
1 types of, 1824 
e, 1808 
theory of, 1808 
wear of, 1833 
Centrifusing, cost 
filtration, and 
 Qentrimax т 
Gentropact, beate 
pulverizer, 1917 
Cereal(s), foods, hygroscoy 
1090 
pulverisation of, 1909, 1910, 1932, 1987, 
1042, 1043 


of, 1838. 
ttling, 1275 
etor, 2043. 

mill, 1 


io relations of, 


Cerium, electrolyti 799 

Chain(s), conveyors 'eyors, 
chain) 

driving by, in power transmission, 2519 


+ elevators, 3202 
hoists, 2204 
ball-bearing, data on 
ferential, data оп, 
hand-operated, 22: 
motor-driven, 2237 
serew-geared, data on, 2: 
spur-geared, data on, 22; 
steel roller, data on, 2228 
strength of (table), 2027 
types of, in power transmissio 
Chain-weave fabrics, in filtration, 1659 
Chamber(s), dryer, 1490 
settling, 1855 


CHEMICALS 


Chamber(s), (continued) 
“wet” baffe, 1863 

Champion jaw crusher, 1895 

Channels, flow in, 803, 813 
Manning formula for, 813 

Chaplet furnace, 2806 

Charcoal, as adsorbent, 1300 
adsorption of gases by, 1310 

341 


grinding of, 

specific gravity of, 2829 
Charges, fixed property, 2850 
Charles's law, 017 
Charlotte colloid mill, 1919 

performance data of, 1919 
Chars, motal-adsorbent, 1277, 1821 
Chart(s), 250-256, 

alignment, 257-205 

humidity, 1515 

psyohrometric, 1084, 1085 

raw-material sources, of U. 

S38 


alkali manufactures, 2837 


coal-tar products planta, 2838. 
fertilizer production, 2837 
iron-ore sources, 28% 


pig-iron production, 2838 
salt production, 2837 
sugar-cane refineries, 2838. 
sulfuric acid plants, 2837 


recorder, 
Chaser mill, 1578, 1574, 1908 


Chatillon Telepoise scale, 2050, 
Chuttock manometer, 785 
Check valves, 986) 


alitative, 575. 
doal properties of, 


MES вац 


1, 628 
calculation of constants, methods, 740, 
ТАТ. 


constants ун, temperature (graph), 749 
in heterogeneous system, 750, 751 
solution of equilibrium problems, 750, 
754. 
at high pressure: 703, 764,766,707 
writing of expressions, 750, 751 
Chemical equipment, depreciation of, 2853 
Chemical industries, and plant location, 
2836 
Chemical instruments, electrical, 2655, 
Chemical and physical date, 207-505 
Chemical and physical principles, 011-769 
oal plant location, 2891-2840 
mie factors of, 2833 
Chemical processes, control of, 2000-2089 
Chemical reaction and gas absorption, 
1152 
ical stoneware, makers of, 2152 
спіса! ware pipe, 010 
Chemicals, absorption of, in-wood (table), 
2164 
or constructions, 2164 
corrosion from, 2211 
expansion of wood due to (table), 2164 
grinding of, 1911, 1915, 1924, 1973 


hazards from, 2212 
physical effeots of, on wood (table), 
poisoning b 


‚2164 
treutinent for, 2938. 
ments in handling of, 


cHÉzv 


Chézy, coefficients, formula, 805. 

Chicle, pulverization of (table), 1014 

Chilean mills, 1908 

Chili pods, grinding of, 1014. 

Ghimney-type cooling towers, 1113 

Chimneys, natural draft, economical sizes 
for (table), 2449 

China twigs, pulverisation of (table), 1 

Chip-removing device, on Dorr cla: 
1593 

Chips, production of, 1896, 1914 

Chloracetic acid, materials of construction. 
for, 2009 

Chlorides, typical cells for eleotroly 


Chlorine, cella, comparative data, 2796 
economies, 279 
electrolytic production of, 2701 
table, 2796 
feeders Тог, 2290 ~ 
gas, materials of construction for, 2102. 
2106 
power cost of, 2797 
solubility in water, 1125 
solutions, 2103 
Chocolate, drinks, reduced on Premier 
colloid mill (fable), 1919 
ding of (table), 1979 
йе of evaporator type and sine, 1078 
Chords of circles, 79. 
circular segments, 
Chrome refractories, properties of, 
Chrome steels, resistance to temp 
2147 
Chrome yellow, grinding proportions jn 
linseed oil (table), 1081 
Chromic acid, densities of nq 
tions of (table), 415 
Chromium, alloys, thermal conductivity 
of, 040 
chloride, densities of uqneous solutions 
of (tuble), 415 
copper, gical Properties of, 2126, 


iron ail (seo Alloys, ferrous) 

plating of, 2772 

steels, B.A.E. Nos. and analyses, 2146 
Properties at high temps., 2147 


-vanadium steels SA Nos, and 
Chutes 2202 

spiral, 2202 
Circle(8), 157, 108-170, 207 

anais eal probleme of, 197, 158, 207 


areas, 70, 75, 78, 
of segmenta, 83 
chords, 79 
cireumferences, 70, 75 
diameters, eighths, 75 
feet and inches, 78 
hundredths, 70 
with sides of squares of equal a 


D 
equation of, 207 
geometrical constructions for, 167 
involute of, construction of, 172 
lengths of Gireular ares, 86 
segments, 76, 

Circuits, capacitive, 2 
combination, 2642 


Circuits (continued) 
direct, current, 2642 
electrical, 2043 
inductive, 2645 
magnetic, 2648 
parallel, 3642 
series, 2642 
Circular ares (see Ares, circular) 
Cirenlar measure table, 112 
Circular percentage graph paper, 254 
Cireular pipe, velocity traverse, 88 
Circular segments of circles, 76 
Ciroulating mixer, 1543, 1502, 1572, 1574 
Cirenlation of air, in drying, 1491 
Circumference of circles, 70, 75 
Citric acid, grinding of, 1915 
Clairain, 2332 
Clairaut's equation (calculus), 223 
Claisen condensation, 607 
Clapeyron equation, 624, 626, 639, 677. 
for estimation of latent heats of ‘vapori- 


Clapeyron-Clausius, equation of, 1341 
Clarification (вее also Filtration) 
capacity, 1621 
centrifugal, 1812 
red motion, 1814 
of lacquer, 1845 
liquid-liquid separation by, 1816 
liquid solid separation by, 1816 
liquid-solid separation by, 1812 
turbulent motion, 1812 
of varnish, 1845 
viscous resistance, 1813 
mechanics of, 1619 
Clarifier, centrifugal, 1808 
disk-bow], 1820 
Dorr, 1630 
Sifeed, 1630. 
Squarex, 1631 
Dorr traction, 1629 
dry-eleaners', 1846 
Hardinge sand-filter, 1641 
hermetic, 1827 
hollow-bowl, 1820. 
true separator bowls, 1823 
Classification, 1589-1618 
abrasives, 1618 
dry, by air, 1720 
of accounts, 3843 
fixed property, 2850 
of coals, 2327, 2328. 
of dryers, 1480, 
слали Вог (s), Akins, 1595 
for washing, 1599 
Dorr, 1590 


hydraulic, operating data for mill with, 


ron-Clausius) 
Clay(s), acid-treated, 1277, 1291 
ns adsorbents, 1277, 1379 

activated, manufacture of, 1278, 1292 

analysis of (table), 1280 

cleaning of, 1950 

drying of, in rotary dryer, 1504 

fuel required to dry, 1850 

granulation of, 1040 

grinding of, 1897, 1916, 1917, 1940, 1980 
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CLAY(S) 


Clay(s) (continued) 
power required in grinding, 1950. 
removing sand from, 1940 
sewer pipe, 912 
tests of, 1279 
Cleaning of evaporator seale, 1058 
of materials to be pulverized, 1940 
Clemmensen reaction, 591, 595 
Clocks, recorder, 2010 
Closed-circuit grinding, 1003, 1932 
equipment for, 1605 
operating data of, 16 
power required, 1815 
Closures, for high-pressure vessels, 2181 
Cloth, bolting, 1706 
steel-wire, data on (table), 1708. 
Cloves, pulverization of (table), 19: 
Clutches, in power transmission, 
Coagulation, Гог centrifugation, 18 
боа (в), agglutinating power of, 2334 
analysis of, proximate, 30, 2333 
rational, 288: 
ultimate, 2329, 2330 
ash from, fusing point of, 
powdered, particle size of, 1850 
bituminous, consumption of, in U.S, 


00-1018 


Carfonlantion of, 2882, 2834. 
products of, 2334 
classification of, 2827, 2328 
ble, 2327, 2828. 
clinker formation, 2330 
consumption, by uses, 2820 
crushing of (tables), 1962, 190, 1967, 
ЖЕ, 
drying of, 1512 
data, 1501, 1504 
exports of, 2826 
flames of powdered, 1028 
formation of, 2331 


gas, analysis of, 2305, 2306 
as fuel, 
production of, 2307 

grindability of (duta), 1968. 
by Bureau of Mines ог Hal! method, 

1964. 
grinding of, 


1910, 1914. 
1937, 1002, 1966, 1967 
handling, by line conveyor, 2234 
macrostrueture of, 2332 
powdered, na fuel, 2330 
pulverization of, 1902, 1966, 1987 
сон of, to various finenesses, 1968 
pulverised, 233 
advantages of, 2 
sampling of, 2 
ув. stokers, 
sampling of, 1753 
Reyler's classification of, 2 
softening temperatures of (table), 2: 
specifie gravities of (table), 2329 
с gravity and density of, 455 
ents of, 23: 


1928, 1929, 


2375 


tars, characteristics of, 
datn on, 2373-2377 
vs. fuel oils, 2847 
аз fuels, 2337 


согов(в) 


Coal(s), tars (continued) 
products, in U.S., 2838 
specific heats of, 2377 
tar-forining temperatures, 2335 
Cobalt sulfate, dissociation pressures of 
(table), 408 
Cochineal, grinding of, 1902, 1976 
Cochrane, manometer, 2041 
mercury type, 2041 
weighing meter, 2036 
Cocks, 941 
Cocoa, bean shells, 
(table), 1914, 1916 
pulverization of (table), 1926 
pulverization of, 1945 
Coefficient(s), of contraction, 843 
of discharge, 850. 
for orifices and nozzles, 842 
vs. Reynolds number, 852 
for venturi tube, 85 
viscous flow, 853 
film, in heat transfer, 902 
gas absorption, 1171-1176 
heat transfer (seo Heut tra 
of thermal expansion, 480- 
Coffee, grinding of, 1910 
Coil(s), evaporator, 1046 
immersed in liquids, heat transfer for, 


pulverisation of 


998: 

Coil-type of unit air conditioner, 1090, 
1100 

Coiled pipe; heat transfer to gases in, 070 


Coke, AS.T.M. standards оп 
by-product, specific gravity of, 2320 
жал, 2341 
grinding of, 1805, 1910, 1028, 1 

1062, 1971 
hygroscopic relations of, 1091 
low-temperature, specific gravity, 


320 


oven, gas, as fuel, 2360 
Koppers, gas from, 2304 
light oils, composition of (table), 2871 
piteh, properties of, 2374 
tar, properties of, 2374 
viscosity of, 2374 


petroleum, 2340 
production in U. 
pulverization of, 1071 
by Hardgrove method, 1962 
specific heat of, 
temperat 


orage temperatures, 2620-2621 
Collapsing pressures, ealcuiation of, 2173 
Collectors, baffle-chumber, 1862 
dry, 1862 
for flotation, 1736 
lestabilization of, 1022 
1557, 1565, 1917 (нео одао Emul- 
sions) 
theory of, 1917 
Colloidal solutions, 1532 
definition of, 1628. 
particle sizes of, 1623 
Color(s), dry, grinding, 1915, 1917, 19 
1975, 1978-1981 
of inorganie compounds, 312-367 
of organie compounds, 271-311 
systems and color scales, 1 
wet-grinding (table), 1981 


COLORIMETRIC 


Colorimetrin method of determining 
hydrozen-ion concentration, 571 
Column(s), calculation of, 1247 
‘continuous, for extraction, 1217-1219 
orifice, 1542 
packed, 1: 
bated, 1256, 
hubole plate, 12: 
sieve plate, 64, 
spray, 1256, 1257, 1259, 
rectifying, 1340 
Combination(s), cirouits, 2642 
electrical, 2648 
magnetic, 
and permutations, 142 
Combined system, humidification, 1093 
Combustibles, grinding of, 1915, 19: 
Combustion, calculations from fuel-gas 
analyses, 2411 
chamber, heat transfer 
constant of gases, 2 
тошто! of, 2033. 
data, for benzol, 2358 
Tor benzol-alcohol mixtures 


equations for gases, 2385 
heat of, calculation of heats of formation 
from standard, 739-741 
calculation of heats of reaction from 
standard, 741 
of organic ‘compounds (table), 271— 


of hydrocarbons, 2351 
air required, 2351 
heats of, 9351 
intensity of flame output, 2405 
problem, 724. 
spontaneous, of coal, 2: 
Comfort chart; air conditioning, 1001 
Comfort lines, 1091 
Comminution, 1885-2007 
miscellaneous methods, 1082-2007 
Common logarithms, four-pl 
кіх-ріасе, 8 
Comparison test, for convergene 
for divergence, 178 
Compartment dryer, 
Compartment tube mill, in closed circuit 
with air separator, 1933 
Compeb mill, for grinding cement, 1959 
Competitive industries, 2833 
Complementary angles, 154, 
Complementary in 
Components, definition of in phase rule, 
672 


Compre 


of, 892, 393. 
Compressibility(ies), 487-495 
chart, gas mixtures, 
Gilliland’s method, 
Kay's mothod, 757 
pure gases, 
pressure unknown, 
temperature unknown, 756 
volume unknown, 
of natural gas, at high pressures, 2385 
Compression, adir bte 
of data, grapi 
in drying of gases, 1528 


d gases, water-vapor contents 


s 


conics 


Compression (continued) 
filters, ђе 1 


fittings, 
isothermal, 644 
Compressor(s), ai 
centrifugal, 2270, 
for high pressure, 2183 
horizontal, 
piston, 2271 
requirements for, 2184 
57 


70, 2487 

Concentrating machines, magnetic, 1730 

Concentration, hydrogen-ion, control and 
measurement of, 2080 


before pulverizing, 1940 
5 enthalpy chart, 1762 
basic construction of, 1704 
Conerete pipe, 912 
Condensate, removal from evaporators, 
1054 
Condensate pumps, 2485 
Condensation, dropwise film-type, 088, 
989 
on dryer walls, 1492 
partial, definition, 1341 
presence of non-condensable gna, 990 
Condenser (8). (see also Refrigeration) 
barometric, 1073 
calculations, 1075 
for evaporators, 1073. 
calculations for, 1075 
in filtration, 1695 
heat transfer in, 988 
ammonia, heat transfer cooffclenta, 
jet, 2480, 2482 
in power-plant equipment, 2480 


1073 
ee Air, conditioners) 
her for 0.8, and other countries, 
1109-1111 
Conductance, electric, definition of, 2640 
mutual, of thermionio tube, 2004 
Conduction, electric, through. i gauea, 2000 
hest transmission Љу, 948, 962 
several bodies in parallel, 964 
veral box ries, 963 
surfaces, 1481 
Conductivity, electrical, 2740 
equivalent (table), 2741 
measurement of, 2078 
thermal (ze Thermal conductivity) 
Conductors and resistances, electric 
(table), 2643 
Cone(s), area of, 162 
crushers, 1896 
joint, 2173 
mixer, 1556. 
for thickening, 1624 
volume, 162 


favorable hygroscopic rela 

tions of, 1002 

Conieal buhrstone mill, 1910 

Conical mill, Hardinge, 1904: 
'onics, 206-207 


2971 


союне 


Coning, 1749 
Conjugate layers, 1222 
Connections, high-press Я 
Consecutive reactions, kinetics of, 694]. 
Consistency definition of, 788 

degrees of, 1530, 1540 

measurement and control of, 

of mixtures, 1542-1934, 

1530 

of various materials, 1540 
Constant(s), critical, 620, 622 

determination of values, 746-749 

dimensional, 242, 243 

equilibrium, 659, 746 

estimation of, 62 

methods of writing, 750 

numerical, 128 

values of, 620. 
physical, of inorganic compounds, 312- 
307 


of organic compounds, 271-311 
specific reaction velocity’, 684, 685, 688 
table, 474 
use in high-pressure caleulations, 755— 


use in problems, 750-755, 706-707 
Constant-boiling mixtures, 1870-1474 
Constant humidity, maintenance of, 1118 
Constant-pressure temperatur 

tion diagrams, 1856— - 
Constant rate period, estimation in dry- 
ing, 1483 
Constant-temperature dryer, 1480 
Constant temperatures, maintenance of, 
479 
Constant-volume gas thermometer, 2052 
Construction, of chemical tank, materials 
of, 2091-2100 (for details ace Mate- 
rials, of construction) 

costs, of elestrical precipitators, 
Consumer industries, 288: 
Consumer territory, 2838 
of bituminous coal, by 


1878 


tal, 3356. 
of crude oil in 0.5, 2343 
of fuel ой in U.S., 2343 
oling in 10,8. 2343 
t, of dryers, 1493 
Contact angle, 778 

Contact filtration, definition of, 1278 

plant, flow. sheet of, 1 


layout of equipment for, 1288 
Containers, equipment for filing, 
small bottles, cans, boxes, 2293 
storage in, 2303. 
Continuous brystallizer, 1787 
Continuous distillation, 1401 
Gontinuous dryer, 1489, 15 
Continuous ^ equilibrium 
1393 
Continuous mixing, 1555, 1563-1572 
Contour-line charts, 256 
Contraction, coefficient, 843 
loss, 822 
Control(s), automatic, 2009-2089 
failure of equipment, 2088 
devices, 2022 
equipment, choice of, 2012 
for evaporators, 1074 


vaporization, 
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CONVEYOR 


Control(s) (continued) 
of feed to centrifuges, 1820 
point, 2018 
of process variables, 2009-2089 
thermostatic, bath fluids for, 470 
Controller(s}, 2019 
girilot valves for, 2010 
Bailey pressure, 2084 
Brooke pressure, 2034 
Cape liquid-level, 2049 
chemical process, 2009-2089 
choice of, 2012 


uid lev, 2047 
MacCreedy liquid-level, 2 
multipoint, 2001 
on-and-ofl 
Spencand-dhut, 2016. 
Parks-Cramer humidity, 2073 
pilot devices for, 2019 

Bailey type, 2020. 

relay-operated, 2020 
power consumption, 2084 
pressure, 2032 

weighing, 2051. 
proportional throttling, 2016 
relays for, 2021 
Rotax, 
Smoot, 2 
temperature, 2052 
throttling, 2016 
time, 2027 
two-position, 2016 


Controlling accounts, 2843 
Convection, forced, heat transfor 
(graph), 974 
heat transmission by, 048, 007, 974 
natural, 985 
Convergeice, comparison test for (alu 
bra), 1 
ratio teat or (algebra), 178 
Convergent series, 178 
ratio test for, 170. 
data (table), 273 
factors, for В ot Basi 
971 
for thermal conductivity, 48 
les (seu Equivalents) 
'ometer, Ricbardson, 2300 
Conveyor(s), 2196-2203, 2213 
apron, capacity of (tabl 
for bag closing, 2308, 2312- 
belt, 2197, 2214 
cast of, 2227 
data on (tables), 222 
of weights of, (elo) 


by 


transfor, 


20 
3814 


data and cost of, 3232 
uper, data and cost of, 


driven roller, 2199. 

flight, 2199, 2229, 
‘cost of, 2 

gravity rolle 


2231 
3 
2198, 2234 


'CONVEYOR(S) 


Conveyor(s) (continued) 
Johns, 2200, 2236 
live roller, 2199 
pun, capacity of (table), 
platform, 2198, 2223 
сарае 
pneumatic 


01, 
pusher-bar, 2199 
Redle 


2200, 2235 
9 


acraper, 2199, 2229 
‘вов of, 2281 
drag-line, 2202 

worew, 2200, 3234. 
data and cost of, 2233 
table, 2232 

lat, capacity, of (table); 2108 2 

30 


с 


1790 
of fan towers, 1114 
of spray ponds, 1110 


of drum flakers, 2001 
in grinding; 1034 
settles, 1577-1582 


а adiabatic, of humidity 
їп mill operation, 1937 
of mixers, 1581 
mixtures, of chemicals, 2627. 2684 
aystems, in refrigeration, 2601 
towers, 1108 
atmospherio, 1108 
chimney, 1113 
natural-draft, 1113 
forced-draft, 1114 
water, for Diesel engines, 246 
towers, 2600 
Coordinates, 100, 205 
lino, charts of, 205. 
polar, 205 


2019 
ing of, 2780 

3 

alloys (ява Cupro-nickel alloys) 
nitrate, densities of aqueous solutions of 


Г 
Cope li f controller. 
Copper, e T 

owinning of, 27 


(table), 415 
plating of, 3772 
properties of, 2009 
ores, grinding of, 1895 
sulfate, dehydration of (table), 1036 
densitios of (table), 41 
grinding of (table); 1936 
specific heat of (tabl 
Copper alloy, pipe, 806 
tables, 2124, 2137 
water tubing, 890 
Copper oxide rectifiers, 
Copperas, tank crystallisation of, 1780 
Сорга, granulation of, 1910. 
pulverization of (table), 1014 
Cork, granulation of, 1916 
grinding of, 1910 
Corliss engine, 2455 
Corn, eracking of (table), 1948 
grinding of, 1945 
Corner taps, 852 
Cornstarch, pulverisation of (table) 1945 


CRANE(S) 


Corona discharge, in electrical precipi- 
tator, 1868 
Corresponding states, theory of, 622 
use of, 755-709 
Corroding solution, for immersion- test, 


Corrosion, of centrifuges, 1 
from chemicals, in handling 
2211 
of flters, 1604. 
Physical properties of materials, 2 
2132 


eqhipment, 


TA 


refrigerating systems, 2601, 2612 
teste, 2092 
Corrosion-resisting construction, for fil- 
ters, 1684 
Corundum, granulation of, 1949 
Cosmetics, production of, 1931 
Gost(s), of boiler plants, 2490 
of centrifuging, 1838 
of conditioned ‘sir, 1106, 1107 
of construction of electri 
tators, 1876, 1877. 
depreciation, 2 
distribution E 
estimates, checking of, 2 
estimating, 2871 
of filtration, equipment, 1693 
unit, 169 
ading and accounting, 2841-2872 
of flaking, 2003 
of haudling equipment, 2209, 2243-2244 
of heat exchangers, 1001 
insurance, 2861 
of powerplants, 2488 
process, 2800. 
product, 2860 
on, unit, in U. 


; cities, 2839 


system 
taxes, 
of thickening, 16: 
unit, of produc 
Cost accounting, 2 
Cotton, favorable hygroscopic condit 
г, 1092 
hygroscopic moisture of, 1089 
linters, drying of, 1512 
Cottonseed cake, pulverization of, 104: 
Cottonseed oil, refining of, by adsorption 
(Bow sheet), 1308 
Cottrell, electrical precipitators, 1807, 
coat of construction, 1876 
operating data, 1876 
pipe type, 1870. 
plate type, 1870 
voltage and power requirements, 1877 
Coulomb, definition of, 2723 
Coulometers, 2738 
Countercurrent condenser, 1078: 
Coupling, Victaulic, 922 
Cox chart, 1342, 1343 
Cracking, "of coul gases, 2334 
of ой for gas manufacture, 2302 
Crane(s), and hoists, 2203 
locomotive, 2207 
stationary, 22 
traveling, 2308, 2229 
trucks, 2207 
types of, 2203 


cities, 2439 


Lia U.S. 
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СВЕАМ(8) 


Сгеала(в), grinding of, 1920, 1978-1980 
Cream separators, 1836 
Credit book, 2843 
Credits and debita, 2842 
Criteria of equilibrium, 653 
Critical constants (table), 474 
ical data for hydrocarbons, 1344, 1345 

Critical humidity, 1798 
Critical moisture contents, of various 

_ materials, 1520, 1522 
Critical, or plait, point, 705, 
Critical pressure ratio, gases, 847 
Critical region, 813 
Critical veloeity, 818 

їп eurved pipe, 815. 

effect of curvature on, 815 

for fluids, 800 
Critical solution temperature, 078, 122 
Cross-flow hest exchangers, temperature 

difference in, 970 

Crude oil, consumption in U.S., 2343 
Crushers, cone, 1896 

Eyratory, 1890 

industrial applications of, 1942 

jaw, 1891 

ring, 1915 

rotary, 1800. 

Symon's disk, 1896 

types of, 1800 
Crushing, efficiency, 1889 

grinding and pulverizing, 1888-1981 

rolls, 1897 

theory of, 1888-1889, 1897 


prevention of, 1709 
filter dryer, 1512 
filtration of, 1688 
formation of, 1766, 
а solutions, 1769 
forms of, 1758 
geometry of, 1771 
rowth of, 1772 
habit of, 1771 
invariant, 1771. 
liquid, 1759 
rate of solution of, 1772 
sine aud shape, commercial importance 
of, 1758. 
syatems of, 1759 
Crystalline materials, grinding of, 1015 
Crystallization, 1758-1807 
‘apparatus Гог, 1779 
costa of, 1795, 1797 
AL law of, 1773 
limitations of, 1776 
effects of impurities on, 1771 
equipment cost of, 
fractional, 1764. 
heat effects in, 1761 
heat of, 1701 
Mior's theory and, 1767 
overlapping principle and, 1772 
problem, 715 
seeded, 176 


yield in, i: 
Crystallizer(s), agitated batch, 1781 
cost ol, 1794. 


CYCLONE(8) 


Orgatalliser() (continued) 
ule pipe, 1783 
evaporator, 1785. 
Howard, 1782 
Jeremiassen, 1792. 
Krystal, 1792: 
‘operation of, 1779, 1798 
Oslo, 1792. 
Swenson-Walker, 1783 
tank, 1780. 
vacuum, 1786, 
Wulfi-Bock, 1781 
allizing evaporators, 1785 
;stallographie systems, 1758 
Cube(s), of numbers, 60 
roots, 140 | 
of humbers, 60. 
by slide rule, 150 
surface of, 161 
volume of, 161 
Cubé root, grinding of, 1975 
Cubic equations, 181 
Cubic system, of crystals, 1759. 
Cubieal of 
485 
of solids (table), 484 
Cupro-nickel alloys, physical properties 
of, 2126, 213 


solutions of (table), 415 
Current, п.с. superimposed on d.o., 2754 
alterna’ is 


pipe, friction factor for, 813. 
Curves, analytical probleme, $14 
exponential, graphs of, 213. 260 
hyperbolic, graphs of, 213, 250 
logarithmic 
miscellaneous, 211 
parabolic, graphs of, 
probability, 2! 
of pursuit, 214 | 
temperature, vapor-pressure, 
trigonometrie functiona of, 212 
Cut-off friction clutches, 2518 | 
Cutting-oil reclamation, with centrifuges, 
1848. 
Cyanamide, production of, 2812 
Cyanide pulp, filtration of, 1685 
Cycloid, construction of, 172 
length of arc of, 16. 
area of, 101 
Cycloidal blower, 2269 
Cycloidal meter, 866 
gas, 2036 
Cycione(s), 1803 
collection efficiency of, 1880 
induction type of, 1864 


50, 251 


long-cone type of, 1864 | 
multiclone, 1865. 
pressure drop and gas-volume capacity: 
of, 1861, 1863 
relation of gas velocities, particle size, 


and separating distance in, 1859 
velocities of gus through, 1863. 


CYLINDER 


Cylinder, area of, 161, 162 
dryers, 1503 
solid, heating and cooling of, 965 
volume of, 161, 102 
Cylindrical ball 9r tube mills, 1924 
Cylindrical tanks, horizontal, volumes, 
118, 119, 121, 122 
vertical, volumes, 123 


Dairy industry, and centrifuges, 1838 
Daltoa’s law, 610 
deviations from, 619 
use in humidity calculations, 720 
Daniell еей, 2758 
Darcy equation, 805 
D'Assonval galvanometer, 2082 
Data, compression of, graphical, 252 
smoothing, 238 
Day pot mill 
roller n 
1020 
triturator, 1008 
Dayton process for oil-gns, 2395 
Deactivation, of activated carbon 
Dend-weight gage tester, 2030 
Debita and credita, 2842 
Decantation, aliminum sulfate, 1044, 
1047 
enustie soda, 1644, 1047 
Continuous countercurrent, 1643 
Calculation, 1044 
economic advantages of, 1046 
flow sheets of, 1049 
operating data of, 1047 
theory of, 1044 
use in chemical processing, 1644 
equipment for, 1648 
feeders for, 1050 
Phosphoric acid, 1644, 1647 
воћа о feeders for, 1051 
wash-water feeders for, 1651 
Decanting and settling, 1820 
Decimal "point, determination of, by 
slide rule, 147 
Decimals, conversion table aud equiva- 
lenta, fractions, 99 
inches (o fect, 
seconds, minutes, degrees 
Decolorising, of carbons, 12 
‘applications of, 1304 
grinding of, 1072 А 
Tetentivity-netivity relations, 1300 
Water purification by, 1306 
of oils, by adsorbents, 1281 
applications of, 1305 
Table, 1304 
рерр- pumpa 2251 
Defender portable CO: analyzer, 2077 
Deflection, indicators and recorders, 
for temperature, 2 
potentiometers, 2008 
Degrees, Baumé, Tw., Ib. /gal., Ib./eu. ft. 
эр. йт 98 р 
centigrade and Fahrenheit, equivalente, 
of freedom, definition of, 672 
of gascous molecules, 638 
to radians, conversion table and equiva- 
onte, 96, 
1000 radian, 97 


1909 
гей by (table), 


‚ 1315 


DEVIATION INSTRUMENTS 


Dehumidification, 1080 
adsorption system for, 1102 
and heat transfer, 990 
syatems of, 1096, 1101 
Dehydration, adsorption and, 1381 
in grinding, 1934 
in mill operations, 1936 
DeLaval nozzles, 855 
Delta-connected, three-phase system, 2647 
Demand disturbance, 2013. 
Denatured alcohol, as fuel, 2358 
Dense-uir machine, 2528 
Density (les), 410-458 
of alloys and metals, 453 
of aqueous inorganic solutions, 411-436 
organic solutions, 436-452 
of coal, 455 
contro! and measurement of, 2060 
conversion table and equivalents, 108 
and drop size, 1991 
of earths, 454 
of electric current, 2723 
of gases, 411, 2881 
measurement of, 2071 
humid, 1516 
of hydrocarbons, 436 
of inorganie compounds, 812-367 
of masonry, 454 
of mercury, 410, 
of metals and alloy 
of minerals, 454 
of mixtures, 616 
calculation of, 719 
of organic compounds, 271-811, 450 
of petroleum, 45: 
recorders, 2070 
of solids, determination by immersion, 
of stone, 455 
of vapors of coal-tar fractions, 2376 
of water, 433-435 
Denver flotation machine, 1789 
Denver mineral jig, 1723 
Dephlegmation, 1341 
fon, in eost accounting, 2852, 


‚ 453 


methods, 2852 
rates, 2852, 2853 
Depressers, for flotation, 1737 
Derivatives, calculus, 216 
partial, 217 
Derris root, grinding of, 1975 
Design, of air filters, 1881 
centrifuges, 1816 
of extraction equipment, 1255 
of gas-absorption towers, 1142 
of gas heaters and coolera (ohart), 975 
of high-pressure equipment, 2168 
ranges of plate efficiency for, 1438. 
use of heat balances in distillation, 1461 
Destructive distillation, 1340 
Detectors, 2003. 
amplifiers and (table), 2006 
Determinants, 184-188 
multiplication of, 188 
properties of, 186 
second-order, 184 
third-order, 185 
Deviation instruments, 2061 
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DEVICES 


Devices, for controlling humidity, 1103 
feeding, 2286-2202 (ice also Feeders and 
feeding mechanisms) 
Dewpoint, of complex vapor 
Calculation of, 1308 
control of air conditioning nnd, 1103 
definition of, 1083, 1514 
‘General Electric potentio 
af hydrocarbon vapor mixture 
Dextrin, grinding of, 1937 
Diagrama (see also Chart) 
flow, use of, 715 
indicator, for steam engines, 245 
Dinmeter(s), of circles, eighths, 75 
feet and inches, 78 
hundredths, 70 
with squares of equal area, 87 
economical pipe size, 815 
equivalent, definition of, 799 
hydraulic, 790 
rectilinear, law of, 622 
of spheres, fractions, 87 
hundredths, 90 
of various dispersoids, 1850 
Disphragm, levers, 2023 
mete 


ture, 


Dimensional constant ge, 7 
Diode detection, 
Diphenyl vapor, heating by, 988 
Direct current, 2642 


Diree 
Direct-fired 
Direct humidifiers, 1095 


DISTILLATION 


Dimensional analysis (continued) 7 


constants, 242, 243 
falling bodies; 24: 
pressure, gas, 245. 
problema af, 245-249 


Rayleigh, heat transfer, 246 


motors, 2710 
ire evaporators, 1043 
tles (mixers), 1578, 1580 


rates of pressure nozzles, 1988 | 


Disintegrators, 1916 
Disk crushers, 1895. 
Disk fans, 
Disk meters, 2 


266, 2268 


pumpa, 2264 Dispersing, 1529, 1581, 1682, 1264, 1568- 
ВоВе, 2023 1571, 1576 | 
valves, 2023 Үр" Dispersion (s), energy relations of, 1988 
ispore, refractory, properties of, 2154 mechanism of, 1988 

Diatomaceous earth, granulation of theory of, liquid droplets, 1084 | 


(table), 1940 
Dichlorodifluoromethane, saturated yapor 
‘of, properties of (tablo), 2574 
Diehloromonofluoromethane, saturated 
vapor of, properties of (table), 2588 
superheated vapor of, properties of 
(table), 2584 
Dichromatism, 572 


Dielectric constant, definition of, 2540 
properties (table), 2644 
gth of, 2040 
Ider reaction, 607 
сусје, 2463. 
engines, (for details see Engines, Divsel) 
fuel purification, by centrifuges, 1845 
Diethanolamine solutions, solubility 


СО: in, 1135 
Differential calculus, 216-2 
Differential densi 
Differential equatic 

linear, 224 
Differential-pressure methods, of fuid- 

flow control, 2037 
Differentiation formulas, 216 
Diffusion, coefficients of, 1160 

flame burners, 2424 
їп gas absorption, 1139 
Kaseous, 623 
of gases through gases, 1168 
internal liquid, in drying, 1 
Diffusivity, of gases, 1168 
in water, 1109 
thermal, 966 
Difluordichlormethane, saturated 
of, properties of (table), 2574 
superheated vapor of, properties of 
table), 2576 
Dihedral angle, 158, 159 
Dilution metering, 867, 2046 


Dimensional analysis, 241-249 
application to theoretical physics, 248 
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Dissolving, 1529, 1531. 1668-1571, 


(See also Colloid, mills) 


Dispersoids, 1850 


condensed, 1850. 
diametera of, 1850 
gas, 1850, 1854 
mechanical, 1 
partiele sixes of, 


Disposition and source of ineome book- 


1576 


applications of, 1382, 1384 
A-ST.M. test, 1458 | 
batch, 1382 
batch steam, 1987 | 
of benzolized wash oil, 1301 
equations, 1388. 
dats for calculations of, 1341 
„ 1340, 1341 
ive, 1840 
and evaporation, 1340 | 
flash, 1394 
Inboratory, 1464 
нь MS à 
low-temperature fraetionatious in, 1470 
methods of calculation of, 1382-1444 
methods of comparison, 1443 
petroleum, 1450, 
overhead products in (table), 1462 
phase rule in, 1374 
plate efficiency, 1486 
principles of, 1382-1444 
recovery of distillate, 1340 | 
rectification, 1340 
residue from, 1340 
simple batch, equations, 1382-1384 
theory of, 1382 | 
single flash, 1394 
steam, vaporization efficiency in, 1391 
true boiling-point, 1400, 1466 


DISTILLATION 


Distillation (continued) 
use of external heat source in, 1390 
use of phase rule in, 1374 
Distinct roots (calculus), 224 
Distribution(s), of costs, 2857. 
‘equilibrium between liquid phases, data 
m) 


for, 1230 (see also Extract 
equilibrium diagrams for, 1227, 
fractional, 1214 
ideal law for, 1245 
of immiscible solvents, 12 
law for, 1231, 1242, 1244 
mathematical expression of. 1282 
in oil-solvent systems, 1230 
of partially miscible solvents, 1220 
of solute between liquid.phases, 082 
utors (жее Feeders) 
Divariant system, 673, 675 
Divergence, comparison test for (algebra), 
78 
nt series, 178 
Diverging duct, pressure loss in, 
Divider freight lines, 2839 
Division, algebraic, 174 
arithmetical, 188 
graphical, 156 
logarithmic, 145 
slide-rule, 147, 149 
Dodge, crusher, 1891 
jaw ‘crushers, Alli-Chaluners (table), 
1894 
Dorr, Bowl classifier, 1504 
clarifier, 1630 
elnasifier, 1500 
myltideck classifier, 1598 
Мева clarifier, 1680 
iquarex clarifier, 1681 
thickener, equipment and costs, 1682 
single-compartment, 1626 
torque, 1627 
traction, 1020 
tray, 1628 
types, 1084 
Dorrco, filter, 1679 
'essure pump, 1634 
ps, 1634. 
alper, 1652 
Double cone mixer, 1550, 1574 
Double motion mixer, 1547. 1648, 15 
Double-pipe crystalliser, 1783 
Dough mixer, 1548-1550, 1572, 1574 
Downspouts and weirs, in distillation 
columns, 1453 
Dowtherm heated kettles (mixers), 1578, 
1580, 1581. 
Draceo filter, 1866 
Draft, in boilers, 2447 
of flooding objecta, 777 
foreed, 2448 
, 784 
Induced, 2448 
natural, 2447 
Drag, chain conveyors, 2232 
classifiers, 1689 
cient for spherical particles, 1853 
gonveyors, 1589, 2199 
ет conveyors, 2202, 2236 
ities of, 2231 


for rubber bolts, 2498. 


DEYERS 


Driers (tee Dryers) 
Driven-roller conveyors, 2199 
Drives, belt, 2504 

chain, 2519 

pivoted motor buse, 2516. 

short-centor methods of, 
silent and roller-chain, 
V-belt, 2516 

ain, in power transmission, 


methods of, 2516 
liquid, theory of dispersion of, 


Dropiets, 
1983 
Drops, size of, produced by spray nozzles, 
1990 
Dropwise condensation, 980 
Drugs, grinding of, 1908, 1915, 1976 
Drumis), iqui 
filling of, 
flakers, 2 


capac 
drum cooling, 2001 
finko thickness obtained by, 2002 
hoists, 2204, 2237 
liner insertion in, 2315 
packing liquids into, 2318-2322 
packing materials in, 2815 
Dry colors, grinding of, 1915, 1073 
Dry condenser, 1078 
Dry gas meters, 805, 2036 
Dry ice (see Carbon, dioxide, solid) 
Dry measure (table), 112 
Dry tables, 1727 
Dryers, adiabatic, 1480. 
bond-puper, data on (tabla), 1507 
cabinet, 1508 
calculations for, 1514 
“ean,” for sheet material, 1508 
Garrier’s ejection type, 1610 
chamber, 1490 
classification of, 1489-1401 
compartment, 1490, 1508 
condensation on walls of, 1492 
constant-tem perature, 1480 
continuous, 1489, 1511 
cylinder, 1503 
double-shell, 1501 
drum, for liquids, 1498 
for sheet material, 1508 
economisers for, 1495 
Gordon tray, 1510 
heat consumption of, 1493. 
humidity-temperature relations within, 


7 
intermittent, 1490 

loft, 1490. 

lumber, Tiemann's, 1500. 

nt, data on (table), 1507 


for paper, test data af (table), 1507 
rotary, 1501 
comparison of capacity of (table), 
1502 
data on (tables), 1502-1504 
operating сова for (table), 1505 
screen dryer, 1911 
single-shell, 1501 
spray, for liquid: 
steam tube, 1502 
Tiemann Inmber, 1509 


1496 
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DRYERS 


Dryers (continued) 
tray, Gordon's, 1510. 
truck, costs of (table), 1511 
tunnel, 1508 
turbo, vertical, 1511 
types of, 1406-1513 
vacuum, 1513 
vertical turbi 
Drying, 1479-1525 
agents and mc 
with, 1523 

nir velocity in, 148: 

approximate ‘equation for 
problems of, 1486 

case-hardening in, 1488 ~ 

data on critical inoisture content in, 
1520, 15: 

falling rate period 

of gases, 

general mechanism of, 1486 

internal evaporation in, 1485 

laboratory tests of, 1488 

in mill operations, 1034 

and pulverizing by spray dryers, 149 

rate, estimation of, in constant-rate 
period, 1484 

of solids, 1480-1522 
Solids, drying of) 

spray, granulation by, 1 

nozzles for, 1990 

surface checking in, 1488 

time required „for various materials 
(table), 1521 

de of unsaturated e ê 

Ducts, non-uniform, pressure loss in 

Dührifurs rule, 026; 039, 040 
application to viscosity, 796 
ealeulations of latent hent 
in evaporation, 1033, 1085 s 

Dulong formula. for calculation of heating 

values of coals, 2329 

Dulong and Petit's law, 636 

Du Pont Nitro-filter, 1660 

Durain, 2882 

Durand's rule, 286 

Duriron pipe, 804 

Dust(s), chamber, Howard, 1857 
collector, induction, 1864 
explosions, 2017 
filter, Sly, 1860. 
and шава, separation of, 1850-1884 
settling rates of, 1890. 

Dustite bag holder, 2300. 

Dyes, grinding ог, 1015, 19% 


in equilibrium 


practical 


in, 1484 


(for details see 


оо 


807 


731, 732 


Earths, various gravity und 
density of, 45 


Eccentric circular orifices, 853 


specific 


Eddy currents, magnetic, 
Edge filter, 1683 


Edge runner, 1550, 1573, 1574, 1908. 
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ELECTRODE(S) 


Edison cell, 27 
Effect, of indifferent gases on equ 


of pressure on equilibrium, 564 | 
temperature on equilibrium, 663. 

Effective value, of current or voltage, 2644 

Efficiency, collection, of cyclones, 1880 

nd pressure-drop, 1862 

in erushin 

_ of steam. 


pneumatic, 
ter ntourncoperated (tuble), 2204 
pressure drop, 825 

trig cable, effective temperature lines, 
1088 

equal-comfort lines, 1088 

favorable hygroscopic conditions for, 


Electric cirenits, 26: 
‘engineering, 2639-2720 

Electric conductivity, measurement: and 
control of, 2079, 

Electrie control devices, 2024 

rie Ear,” 2291 

Electro. energy 
{table 

furnaces, 2008 

ЕЕ 2724 

types of, 

БУО heating, 2008 

illumination, 2690. 

tric lends, for high«pressure 

ratus, 2180. 

Jlectrie lighting, 2600. 

Zleetrie machines (see Generatorn; Motors) 

and magnetic relations, 2641, 


9 


conversion duta on 


appa- 


ovens, 20: 


Electric tr 
El Wiring, 2688 
1 measuremente, 2082, 2053 
Electrical precipitauon, 1807 
vtrical units (table), 2641 
Пу heated kettles (mixora), 1978, 
1580-1582 
Electricity, condu 
2660 
definitions of terms applying to, 2640 
discharies of, 2660 
electrical engineering and, 2630-2720 
measurement of, 2053 
static, and safety, 
ita of, 2640, 2041 
alysis, 2763 
Electrochernical energy, 2 
equivalents, definit 
(tabl 


ion of, through gases, 


industries, 
laws, 2726 

ses, materials of construction for, 
energy consumption of, 2829 


units, 2 
Electrochemistry, 272: 
definition of, 27 
Electrodeposition, of rubber, 
Electrode(s), antimony, 5 
commercial data on, 2822 


ELEOTRODE(S) 


Electrode(s) (continued) 
data on (tables), 282 
lass, 572, 2700 

ivdrogen, 572 _ 

materials for, minimum sparking poten- 
tials for (table), 2601 

for pH measurements, 5 

potentials of (table), 3747 

quinhydrone, 572 

singlo, potential of, 2746. 

spacing and arcing voltage, in eleetri 
precipitator, 1873 

Electro-flont separator, 1742 

Eleotroforming, 2778 

Electrolux refrigerator, 

Electrolysis, alkaline е 
of chlorides, 2791 

Electrolytes, aqueous, 2738 
fused, 2797 

aluminum, 2797 
barium, 2800 

beryllín 

'ealeium 
serium, 


2081 


ide, 2791 


magnesium, 2709 
potassium, 2800 
sodium, 2800. 
Electrolytie cells, materials of construs- 
ion for, 2104 
products of (table), 272: 
Electrolytic cleaning, 
Electrolytic dissociation, 
Electrolytic hydrogen production, 


ован od 

of copper, 2780. 

St gold, 27 

of lead, 2782 

of nickel, 2784 

of silver, 2786 

of tin, 2785 
Electrol; 
Electromagnetic instruments, 2654, 2655 
Electromagnets, 2686 
Electrometals furnace, 2806. 
Blectrametrie method of mining 

hydrogen-ion eoneentration, 572 

Electromotive force, 

definition of, 2640 
Electron, definition of, 
Electronic tubes (не Photi 
"Thermionie tubes) 
Flectroplaters, conversion f: 


1640, 2739 
electric tubes; 


tors for, 


Electroplates, commercial thickness of, 


Electroplating, 2709 
of alloys, 2776 
on aluminum, 2774 
baths (table), 2771 
of castings, 2776 
cost of motor generators for, 2769 
mechanical, 2770 
'quipment for, 2772 
Electrostatic instruments, 2654 
Eleetrostatie methods, of concentration, 
1740-1745 


ENERGY 


Electrostatie methods (continued) 
mechanical separation by, 1740 
Electrothermies, 2800 
gaseous, 2815 
Electrotyping, 2778. 
Electrowinning, of cadmium, 2790 
of copper, 2788. 
of manganese, 2701 
Elements, 


78! 


atomic weights of (table), 


boiling points of (table), 312-307 
electrochemical equivalents of (table), 


2727 
latent heat of fusion (table), 496 
latent heat of vaporization (table), 490 
lincar expansion of (table), 481 
low vapor pressures of (table), 368 
melting points of (table), 319-367 
properties of, (table), 312-367 

cific heats of (table), 615-524 

barrel, 2202 


2202. 
et, 2201, 2218 
costa of, 2331 
data on (table), 2280, 2231 
chain, 2202 
cost of, 2238 
package, 2202 
platform, 2204, 2241 
data for (table), 2242 
oe platform, data and cost of, 


n of, 170, 171 
Ellipsoid, volume of, 164 
Ellison gage, 2028 
Elutriation, 1728-1730, 1889. 
Elutriator, Andrews, 1728 
dry, 1728 
Gillson Inborstory, 1730 
Haedrich, 1728 
Behran 
wet, 1 
Embrittlement of steam boilers, 2453 
Emissive power, monochromatic, 1003 
Emissivity, of carhon dioxide, 1016 
definition of, 1003 
of sulphur dioxide, 1018 
of surfaces for radiant beat, 1004-1007 
of water vapor, 1017 
Emulsifiers, 1, 
Emulsifying, 1 
Emulsions, 1581, 1 
mills) 
breaking of, by adsorbents, 12% 
by centrifuges, 1275 
Enamel(s), black,’ grinding of 
1908, 1949, 1981 
frit, grinding of (table), 1049 
grinding of, 1900, 1978 
wet ing of, 1916 
properties of 


172 
system, 1730 


1, 1564, 1576 


(see also Colloid 


(tables), 


balance, mechanical (fuid flow), 802 
total (flow of fluide), 800 
conservation of, 800 
kinetic, 800 
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ENERGY 


Energy, conservation of (continued) 
law of, 624 
units of, 


9 
consumption of, of electrochemicals, 


efficiency, 
electrical, 2644 
conversion data on (table), 2738 
definition of, 2644 
electrochemical, 
heat or work, conversion 
equivalents, 104 


table and 


magnetic, 2650 
of real gases, variation of, with pressure 
ог volume, 6 
unita of, 620 
Engine(s), Corliss, 2455 


il, 2463 
intake, 2467 
eooling-water data for, 
cost of plant oonatruction 
2491 
cycle in, 2403 
fuels data for, 2466 
Jubricating-oil, and centrifuges, 1842 
сопа 
costa, 
speeds of, 2466 
starting, of, 2468 
types of, 2465 
waste-heat reco 
weights of, 2406 
heat, 647 


(table), 


4 
indicator er for, 2456 
performance of, 2456 

„Steam consumption of, 2458 

Engler, viscometer of, 2074 
Enlargement loss, 821 

Enskog's formula, viscosity of gases, 793 
Enthalpy, 630 


MgSO.-H;0 system, 
effect of pressure on, 
Entrainment, effect of, on 

cienciea, 1430 
in evaporators, 1061 
Entrance, loss, 822: 
rounded, 823 
sharp-edged, 822 
trumpet-sbaped, 823 
Entries, adjusting, in bookkeeping, 2845 
/ntropy, 6: 
change with pressure, 
temperature, 040 
of forniution, im equilibrium-vonstant 
calculations, 746-748 
molar, of vaporization, 1346 
variation of, with temperature and 
pressure, 747, 748 
Eötvös constant, 778 


pinte etfi- 


volume, and 


equation, for surface tension, 778. 
Equation(s), approximate, for drying 
problems, 1486 
of circle, 207 


Clairaut's, 228. 
cubie (algebra), 181 


EQUIVALENTS 


Equation(s) (c 
differential. 2: 
exponential, 145 

; as a function of tempera- 


homogeneous, 2: 

linear, algebra, 179 
calculus, 

orifice, errors in, 2039. 

quadratic (algebra), 180 


quartic and higher, 182 
Simultaneous, 188 
018 
pressure, 755 
d ation of | Вели 
ridgian, for mixtures, 757-760 


trigonometr 94 


kno: 
Equilibrium, aloulations, 750-754, 763- 
chemical (seo also - Chemion} | 
equilibrium) | 
constants, calculations of, 740, 747 


rmination of values of, 746-749 
of temperature on (graph), 749 
па between, 750, 751 
п problems, 750-755, 760-767 
distribution dingram, 1227 
effect. of pressure on, 664, 763, 764, тв, | 
167 
effect of temperature on, 003, 750, 751 
of floating bodies, 776 
{тое energy change and, 746-748 
high-pressure, 763-767 
HD moisture in drying, 1514 
jase (see Extraction) 
Tn binary system, 1220. 


in tern 1220, 1230 
selectivity ‚ 1226 
vaporization, continuous, 1393 


Equinoctial time, 124 
Equipment, auxiliary, in sublimation, 


chemical depreciation of, 2853 
control, 2851 
for extraction, 1255 
fused quarts, 2151 
fused silica, 2007 
for gus absorption, 1106 
for leaching, 1258 
spray, 1985, 19 4 
Equivalents, of costolent of heat trane- 
fer, 971 
thermal conductivity, 948 
Жашар and conversion tables, 
angular measure, 
area and surface, 106 
capacity and volume, 102 


conductivity, thermal, 106 
decimals, 0% 

degrees to radians, 96 
density, 103 


energy, heut, or work, 104 

heat, energy, or worl 

heat flow, 107 

fers, metal and sheet, 110 
ear measure, 106 

mass, 104 

masses per unit length, 106 

measure, linear, 106 


EQUIVALENTS 


Equivalents and conversion tables 
(continued) 
metal, wire and sheet, gages, 110 
minutes to radians, 0d 
power, 101 
pressure, 105 
radians to degrees and minutes, 97 
specific gravity, *Be, Tw., lb./gal, 
1b./cu. ft., 98 fe 
Sheeterietal gages, 110 
Surface and area, 106 
temperature, 108 
thermal conduetivity, 10 
velocity, 101 
volume and capacity 
weights per unit leng! 
wire and aheet-metal gages, 110 
work, energy, or heat, 104 
Xrasable-line arithuetie graph paper, 254 
Error, curve of probable, 214 
Errors, in electrical meas 
а, checking of, 28 
jon, of costa in aecounting, 2871 
‘of eritical constants, 620, 622 
of latent heat of vaporizat 
by Clapeyron equation, 025 
of Vapor pressure, by Dülring rule, 626 
by Othmer method, 626 
Étard synthesis, 600 
Ethane, molecular volum 
suturated vapor of, properties of (table), 
2502 
solubility in water, 1126 
Ethanol, as fuel, 2358 
Ethanol water mixtures, plate eff 
Tectifiention of, 1441 
nolamine, solubility of carbo 
and hydrogen ешце 


Eth 


1184—11. 

Ether, solubility of, in meta- |, 1132 
in sulfuric acid, 1132 

Ethyl alcohol, densities of aqueous solu- 


tions of (table), 489, 441, 443 
mixtures of HO and, 
(table), 441, 443 
mixtures of HO and, specific gravity of 
(table), 443. 
specific heat of (table), 538 
thyl chloride, Joule-Thomson el 
(table), 478 
properties of (table), 2573 
Ethyl ether, properties of (table 
Ethylene, argon mixtures, derivations 
from Daltan's law, 619 
aotppressibility factors of (able) 487. 
dichloride coefficient for absorption. in 
ой, 1186 
wlyool,’ freezing, and flow points of 
(table), 2013. 
Mollier diagramm for, 7. 
solubility in water, 11: 
Hutestio mixtures, 2625 
Evaporation, 1032-1078 (see also Evapo- 
rator) 
"Dühring's rule in, 1033, 1035 
effect of feed temperature, 1048 
heat transfer and, 1032 
coefficient in, 1033 
internal, in drying, 1485 
msltiple effect, Pinciples of, 1048 
by solar heat, 1 


lensities of 


EXPANSION 


‘Evaporation (continued) 

of sulfite pulp liquor, 1040 

of water, quantity (table), 1034 
Eraporator(s) ger oleo Evaporation) 


Basket type, constr 
calotlation о "required number of 
effects of, 1070 
coll, construction of, 1045 
Somparison of types of, 1046 
condensate removal from, 1054 
condenser calculations for, 1075 
construction of, 1042 
controls, 1074 
Sost of, 1047 
crystallizing, 1785 
Ginect-fire-beated, 1043 
Sconomical number of effects, 1088 
extra steam" value, 1071 
feoding of, methods, 1052 
film coefficients in, 
forced-circulation, construction of, 093, 
1045 
heat-transfer coefficient in, 1040 
transfer in 902, 1032 
horisontal-tube, construction of, 1045 
heat-transter coefficient in, 1047 
inclined-tubo, construction of, 1046 
heat-transfer coefficient in, 1037 
long-tube, construction of, 1045 
materials of construction, 1002 
methods of feeding of, 1052 
multiple-effect, calculations, 1062 
effect of boiling-point elevation: on, 
1050. 
temperature distribution in, 1040 
natural cireulation, 008 
operating difficulties with, 1071 
operation of, 1051 
continuous ув. batch, 1055 
optimum vacuum in operation of. 1052 
Porrion type, 1044. 
in refrigeration, 2601, 2602 
salt removal from, 1056 
€ in, 1000 
Scale removal from, 1057 
Selection of, 1078 
Single-effect, ealeulations for, 1048 
temperature drop in, 1083 


Yaryan type, eoi 
heat-transfer coefficient i 
Exact weight, platform seale, 2301 
sacking scale, 2300 
Exchangers, heat, eost of, 1001 
Exit loss, 821 
Expansion, | adiabatic, 
diabutic expansion) 
coils in refrigeration, 2601 
cubical (see alao Cubieal expansion) 
coefficients of tar, 2380. 
factor, nozzles (table), 848 
orifices, 849 
venturi meter (table), 848. 
isothermal, 644 
linear (see Linear expansion) 
of liquids, coefficients of (table), 2029 
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EXPANSION 


Expansion (continue 
loss, 821 2 
sudden, 821 
thermal (see also Thermal expansion) 
coefficients of metals and alloys, 2108 
, pulverizaüon of (table) 


Explosion, hazards of, in handling solida, 


Explosive materials, grinding of, 1915 
Exponential curves, graphs of, 213, 250 
Exponential equations, by logarithms, 145 
Exponential functions, 213, 250 

and logarithms, 46 
Exponential series, algebra, 177 
Exponents, algebraic, 173, 175 

integral, positive, 176 
Exposed-nipe electrical precipitator, 1872 
Extraction, 683 

batch countercurrent, 1219 

continuous countercurrent, 

caloulation methods for, 


8 
1247-1255 


capacity coefficients in, 1250, 1253 

continuous columns for, 12 57, 
1250-1268 

fow diagrams for, 1217 

H.E.T.8. in, 12 


HOTU. in, 1251, 1252, 1254 
‘over-all rate relationships in, 1250. 
reflux in, 1218 
counterourrent multiple contact, 1217 
calculation methods for, 1232-1238. 
for immiscible solvents, 1244, 1245 
with rex, 1239- 124: 
uipment for, 1256, 125 
fow diagram for, 1217 


limits of, 1218, 1238 | 
non-isothermal operation, 1242 
reflux in, 8 

equipme nt for, 1255 
continuous columns, 1256-1259, 1264 


dats on efficiency of, 1257, 1258, 1265 
'eneral factors in design of, 1255 
leaching, 1258 

liquid, types and character- 


stage efficiency in, 1257, 1258. 
widely used, 1257 
fractional distribution, 1214 


on of, 1215 
equipment for, 1258 
caloulation of, 
phase equilibrium in, 1: 
phase separation in, 1256 

solvent recovery in, 1216 

systems of operation in, 1218, 1220 


. 1229 


liquid-liquid, 1214 
GS ala of continuous columns for, 
calculation methods for using ideal 


stage, 1232. 

capacity coefficients in calculation of, 
1250, 1253 3 

countercurrent operation in, 1218, 


data for equilibrium in, 1225-1230 


definition and charaéter of, 1214 

elementa of, 1215 

equilibrium distribution diagrams 
for, 1227 
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EXTRACTION 


Extraction, liquid-liquid (continued) 
equipment for, 1256 

film coefficients in, 1249 

flow diagrams for, 1217, 1235, 1238 


‚ 1231, 1242. 


liquid film equations in, 1249 

in multicomponent ayatems, 1281 

multiple-contact operation in, 
1217 

nomenclature for, 1283, 1248. 

over-all rate relationships in, 125 

120-1220, 


phase equilibrium in, 
1231, 1232 
recovery of solvent in, 1216 


reflux in, 1218-1220, 1239 
selectivity diagrams for, 1226 
single-contact, operation in, 1216 
solvent selectivity in, 1214, 1220. 
systems of operation in, 1218 
transfer unit in caleulation of, 1250, 
1252, 12: 
triangular diagrams, use in, 


1220- 


packed columns, 1257, 1259 
calculation methods for, 1267-1269 


data for benzoic acid, 1. 
data for flooding of, 1268. 
data for petroleum oil, 1258. 
entrance design for, 1359, 
limiting flows and flooding in, 1 
operation and performance of, 1259 
phase equilibrium in, for binary sys- 
tems, 1220 
consolute curves in, 1222 
data for, 0, 1225, 1226, 1229 
distribution diagrams for, 1 T 
ideal distribution low for, 1 


1 
involving immiscible solvents, 1231, 


involving 
1231 


multicomponent myatems, 


ел1 expression of, 1232 
selectivity diagrams 


їп, 1226 


ry systems, 1220 
tieline dita in, interpolation of, 1227 
tie-lines in, 1222, 1225 
triangular diagrams for, 1220-1 

with solid components, 1293 
types of, for all liquid components, 

precipitative, 1215, 1220 
definition ‘and character ol, 1215 
salting out, 1215 

sieve plate columns for, 1257, 12 

simple multiple contact, 1216 
calculation methods for, 12: 

with immiseible ворует 
1245 
flow diagram for, 1217 
limits of, 1218, 1238 

single contact, 1216 
calculation of, 1284, 1242, 1245 
fow diagrams for, 1217 

solvent, applications of, 1214 
calculation of, 1282 


58, 1264. 


1235 
, 1243, 


EXTRACTION 
Extraction, solvent (continued) 
calculation of continuous columns 
for, 1253 


calculation of number of stages for, 
1233-1247 
definition and nature of, 12) 


effect of temperature оп, 1224, 1225, 
elements of, 1215 
equilibrium’ distribution in, 1227, 


1231, 1282, 1287, 1242, 1245 
equipment for, 1255 

extract, definition in, 1214 

flow diagrama for, 1217, 1235, 1238 
ideal distribution law in, 1231, 1243 
ideal stage, use in, 1215, 1232 
mechanism and rate of, 1947 

in oil solvent systems, 1230. 

phase diugrams for, 1 

phase equilibrium in, 12 
О E 
raffinato in, definition of, 1214 


tivity diagrams 
systems of operation 
triangular phase diagrams in, 1221 
LA 
types of, 12 
use of saturated sol 
spray columns for, 125 
caloulation methods for, ‚ 1947. 
data for acetic neid, 1260, 1202, 1263 
data. for benzoic acid, 1260, 1261, 


for flooding of, 1207 

nce design for, 1259, 1266, 
limiting flows antl flooding of, 1265 
operation and performance of, 1259 

Extractors, continuous column, calcula- 
попа for, 1247 

Extrapolation, 240 


(sse "Trichloromonofluorometh- 


see Dichloromonofluoromethane) 

Face powa prodveton of; 1081 

Vactors, of chemical plant location, 2833 
economic, of plant location, 2831-2840 
wall effect, 830 

Factoring, algebraic, 174, 175 

Fahrenheit to eentigrode, 108 

Fainting, treatment for, 294 

ount crusher, 1895 

imp films, heat transfer to liquid, 979, 


985. 
] drying, 1484 


eee ито лагода нава). 


or propiller, 2366 

in movement of kases and vapors, 2206 

nozzle, 1986, 1987 

performance of, 2268 

in power plants, 2206, 2485 
characteristics at ‘constant speeds, 

2486 

Biroceo, 2267 

towers, standard, cooling curves of, 1114 

types Of, 2485 


FERRO-ALLOYS 


Fanning, equation, 805 
iriction factor, 809 
Fanno line, 802 
Farad, definition of, 2640 
Faraday (unit), 2726, 2738 
definition of, 128, 9734 
у'н laws, 2756 
Fasteners, metallic, for belts, 2502 
Fatty acids, materials of construction for, 
2000 
Feed regulators, for centrifuges, 1829 
Feed stuffs, grinding of, 1943 
Feed water, for boilers, treatment of, 2452 
heaters, 2483. 
heating, multistage, 2483 
Fosders and feeding mechanisms, 
i0-: 


acid И 2: 
ammonia feeder 
вргоп-сопуеуог feeders s p 
for automatis 
for belt-packers, 230: 
belt type, 2296 
Hardinge constant-weight, 1005, 2051 
bulk feeders, 2280 
chlorine 
Chronoflo feeder, 2291 
for coal, 2 
Convey igl ichardson, 2291 
“Electric Ear,” 2201 
flight-conveyor feeder, 2289. 
for gnses, 2200 


Geary feeder, 2290 
ge constant-weight, 1905, 2051 
inge “Electric Ear," 2291 


plunger feeder, 2588 
Proportioneers' feeder, 2201 
reagent feeders, 2290 
reciprocating-piate feeder, 2288 
revolving-plate feeder, 2287 
for cock and other solids, 1050 
roll feeder, 
Hos feeder, 2289. 
paddle feeder, 
conveyor feeder 
screw feeder 
shaking fecder, 2288 
for solutions, 1051 
spike type, 220 
stirrup feeder, 291 
undereut-gate feeder, 2286 
vibrating feeder, 2980 
‘and Tiernan feeder, 2200 

for wesh-water, 1021 
Feeding gases, 2200 

ing methods for evaporators, 1052 


Feld, gus scrubber of, 1558, 1566 
Feldapar, 1028, 1946, 1080 (мо also 


bles), 1949 

є Varteression) 

Ferrie chloride, densities of aqueous solu- 
tons of (table), 415 

Ferrie nitrate, densities of, aqueous solu- 

s of (tahle), 416 

sulfate, densities of aqueous solu- 

ions of (table), 416 

Ferro-alloys, production of; 2808 
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FERROCHEOMIUM 


Ferrochromium, production of, 2809 
Ferromanganeso, production of, 2809 
Ferrosilicon, production of, 2800 
Ferrosilicon-titaniuin, production of, 2809 
Rerrotungsten, produet‘on of, 2809 
Ferrous alloys (tables), 2108, 
Ferrous pipe, 869. у 
Ferrous sulfate, dissociation pressures of, 
408 


Ferrovanadium, production of, 2809 
Fortilizer(s), granulation of, 1008 
grinding of materials for, 1954. 
production in 0.8. (chart), 2837 
Бету cell, 2759 
Féry pyrometer, 2068 
Fiat furnace, 2805 
Fiber, vuleanised, properties of (table), 
2164 
Fiber-plastic pipe, 916 
Fiberizers, 19 
Fibrous materials, grinding of, 1915, 1016, 
1924, 1933 


Filament line, 799 
Fillet, area of, 160 
Filling equipment, 2203-2 
purpose, 2298 
for small containers, 2293 
Film, coefficients, in heat transfer, 992 
equations for liquid, in extraction, 1249 
removal in heated kettles (mixers), 
1578, 1579 
Filter(s), па agelomerators, 1866 
aids for, 1062 
air, 1878-1884 (seo also Air filters) 
auxiliaries to, 1604—1608 
centrifugal, 1808. 
continuous vacuum, 1664 
corrosion of, 1604. 
‘corrosion-reaisting construction of, 1684 
cost of, 1603. 
electric, 2683 
gravity, 1063 
intermittent vacuum, 1664, 1672 
lenves for, 1669 
mikes of, 1665-1684 
mechanical, for air-con 
mediums, 1058. 
Nutache, 1608 
operation of, 1608 
plant, 1287 
power used on, 1692 
range of sizes of (table), 1698 
Tor rotifers, 2085 
selection of, 1660, 1694 
Sly dust, 1865, 1856 
thickeners, 1637, 1638, 1040 
types of, 1662-1665 
it costs of, 1692 
Filtration, 1658-1608 (see also Clarifcar 
tion, 
of barium sulfate, 1692 
barometric legs in, 1697 
of beet sugar, 168: 
blowers in, 1607 
саке thickness in, 1656, 
of cane-sugar li 
of caustic soda 
of cement slurry, 1687 
compression belts in, 1698 
condensers used in, 1695. 
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FIREBRICK 


Filtration continued) 
contact, 
flow sheet for, 1288 
critical pressure in, 1656 
of crystals, 1688 
equations of, 1655 
filter medium and, 1658 
filter operation in, 1698 
filtrate pumps in, 1606 | 
flappere in. 1696 
lest tests for, 1680 
of lithopone, 1601 
mediums for, 1658, 1660 н 
metallurgical flotation concentrates in, 
1086 
method of separating mists and dusts, 
1864 
of mineral oils, 1689. 
moisture trap, used in, 1995 
of paper pulp, 1686 
particle size and, 1656, 
of phosphoric acid, 1601 
preconditioning for, 1602 
pressure effect during, 1656. 
pressure tests for, 1681 ] 
pulp agitation їп, 1684 
pumps in, 1694, 1698 
ange in operating, vacuum, 1085 
ers used in, 1695 
of salt, 1688 
separators used in, 1605 
of settled cane mud, 1689 


settling and centrifuging, 1275 
of sewage sludge, 1687 
strong acids, materials of construction 


for, 21 

weak acids, 2108, 

temperature effect in, 1656 

tests Гог, 1660, 1061. 

theory of, 1653-1058 

vacuum testa for, 1660 

vacuum unit for, 1661, 

viscosity effect in, 1603. 

of white lend, 1602 

Finaneíul statements, analysing, 2847 
ned pipes, heat transfer through, 054 


Fire, alarm, equipment for, 2880 
appliances, first aid, equipment (table), 
587 
ades, 20: 


extinguishers, 
hasards of, ' flammable 
gases, 3913. 
in handling equipment, 2212 
mains, 2877. 


ds and 


equipment for, 2888 
fire brigades, 2923 
housekeeping and, 2021 
ladders and, 2000 
machinery and, 2888 
organization as, 2020 
shafting and, 2806 
stairs and, 2899 [| 
watchman's role in, 2922 
water supplies for, 2877 

Firebrick, pulverization of (table), 1914, 


FIRECLAY 
lay, drying of (data), 1501 


Ti 
refractory, properties of, 2154 
First aid, 2031 
fire extinguishers, 2886 
First law of thermodynamics, 629 
First-order reaction, 685 
at constant pressure, 685, 686 
at constant volume, 685 
Wish, grinding of, 1917 
Fittig’s synthesis, 599, 008 
Fittings, ammonia, 925 
table, 9 


4 
screwed (table), 932 
fable, 930 
compression, 9 
effect on ori 
flanged, steel (table), 
malleable iron, 924 
screwed (table), 933 
soldered, 922 
Fixed-property accounting, 2850 
charges, 2850 
classifications, 2850 
codes, 2851 
Flakers, drum, 2000 
applications of, 2001 
Finkice, 2622 
machine, 2622 
Flaking, 1999-2003 
costs of, 2008 


Flaky materials, grinding of, 1015, 1933 
Plame(s}, luminous, ‘absorption strength" 
of, 102 


emissivity of, 1022 
‘of powdered conl, 1023 
radiation of heat from, 1020 
speed of propagation of, 2404 
temperatures, calculation of, 2400 
Flammable liquids, outage chart for, 2980 
tosting devices for, 2916 
Flange(s), 022 
enat iron, 023 
table, 930. 
' for retais 
standards, 924 
steel, 028 


g gaskets, 943 


pers, for filters, 1697 
Flash distillation, 1394 
Flash drying, pulverising, and air separa- 
tion system, 1985 
Flash points of oils, 2345, 2340 
voke-oven piteh, 2374 
Flash vaporization, 1394 
Flax, hygroscopic moisture of (graphs), 
1089 
Flexible pipe, 907 
Flexible shafting, 2511 
Flight conveyors, 2199, 2229 
data on, 2231 
feeder, 2289 
Flont gage, 787 
Floating poes, equilibrium of, 776 
stability of, 776 
Flosta, yui- level 
сот К of, 2047 
Floceulation, 1623. 
and mixing, 1531 


measurement and 


FOOT 


Flooding, of continuous columns in 
extraction, 1265 
point, 1204 


Floor, loadings, for storage, 2283 
space required for air conditioning 
equipment, 1107 
Flotation, 1732-1740. 
concentrates, drying of, in 
dryers, 1504 
filtration’ of, 1686 
depth of, 777. 
machines, 1737 
mechanical separation by, 1732 
Flour, mill, dust-particle size of, 1850 
production of, by pulverizing, 1910, 
1942, 194: 
Flow, control of, st high-pressure, 2188 
diagrams, in dilution problems, 7: 
in distillation problems, 7: 
in high-pressure problems, 706, 
in material balance problems, 723 
use, 715 
direction, indicator, 841 
of Side. approximate integration of, 
2 


rotary 


control of, 2035 
differential equation for, 807 
of heat, equivalents, 107 
laminar, 799 
measurement. of, 834, 2188. 
meters (see also “Anemometers; Meters; 
Orifices; Noztles; Weira) 
for high pressures, 9088 2189 
mixer, 1542, 1560, 1561 
in mixing, 15: , 15: 15-1538. 
non-isothermal, ; liquit i», 800 
of non-Newtonian fluids, 820 
nozzles, 8 А, E 1:908. 
in pipes and channel 
еше shart, 805 
pulsating, 858 
streamline, 799 
гооо, rey of, 801 
subdivision of, nud (sec also Feeders) 
of suspensions 
вв, 702 
turbulent, 800 
Five gaafe), specific volume of, 2486 
Ше gas(es), specific volume of 
sampling of, 1757 
water vapor in, 724 
Ша) (see aleo Liquide) 
definition of, 788 
dynamics, terminology in, 798 
fh intro! of, 203: 
ation for, 2039 
heat transfer between, 971 
ideal, 788 
eet, 788. 
definition 
of mixtures, 128: 
Fluorspar, grinding of, 1952 
Flux de definition. of, 2041 
Fonn in evaporate, 1051 
Forus, 207 steam boilers, 2454 


k seed, pulverization of (table), 


Food products, filtration of, 1691 
Foot-candle, 2601 
Foot, decimal equivalent, inches, 100 
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Forced-cireulation evaporators, 1045 
heat transfer in, 993 


Forced convection, gases, hext-transfer 
coefficienta for, 973 
heat transfer by (graph), 974 
Forced-draft cooling towers, 1114 


Forced-draft fans, 2485 
Form, of inorganie compounds, 319-367 
ОГ organie compounds, 271-511 
Form reporta, 2952 
ily терогја, 2952 
monthly reports, 2053 
research form reports, 2053 
Formation, free energy of, of inorganic 
‘compounds, 547-505 
heats of, of inorganic compound 
547-505 
Formic acid, densities of aqueous solu- 
tions of (tuble), 416, 445 
Formula(s), of differential calculus, 216 
of inorganic compounds, 312-307 
of integral calculus, 224-230 
of organic compounds, 271-811 
weights, of inorganic compounds, 312- 
of organic compounds, 271-311 
Forward feeding of evaporators, 1052 
Foxboro, manometer, 2040 
Stabilog controller, 206 
Fractional calculations, algebraic, 174 
Fractional crystallization, 1764 
‘of NaCl and NaNO, 1765 
Fractional powers of numbern, 54 
Fractionation, definition of, 1341 
Tow-temperature, 1470 
Fractions, decimal equivalents, 99 
multiplication, 137 
Francis formula, weirs, 862 
Free convection, heat transfer by, 979, 085 
charts, 080, 985 
Free-cutting steels, B.A.E. number and 
analyses, 2144 
Free energy, 650 
change, standard, 659 
uation, as function of temperature, 662 
formation of inorganic compounds 
(table), 647-665 
function, 669 
interfacial, 777 
variation of, with pressure und tempera- 
ture, 631 
mixtures, 
table), 2627 
Freeing рый), lowering of, 680 
of solutions, 2612, 2613 
Freight, elevators, 2242 
lines, divider, 2839 
rates, plant location factors, 2839 
"Frcon*l (же also — Dichiorodifluoro- 
methane; Diehloromonofiuorometh= 
апе; Trichloromonoftunromethane) 
refrigeration for air conditioning, 1100 
Frequency, definition of, 2040 
measurement of, 2085 
recorder for, 2085 
Friction, clutches, 2518 
out-of; 2518 
factors, Fanning, 809 
for circular pipes, 810 
for non-circular cross sections, 810 
for non-isothermal flow, 810 


ble), 


теі temperatures of 


FORCED-CIRCULATION EVAPORATORS 


Frici 
flu 
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FUELS) 


jon (continued) 
1, 802, 806, 
alignment chart, 805 
correlation of data, 811 
in pipes, 803 
ds, excessive, losses due to, 2500 
on loss (xoe Pressure drop) 
jedel and Craft's reaction, 599, 608 
Frigidise grinder, 1912 
Froth flotation, 1742-1740 
hers, for flotation, 1737, , 

ruit(s), juices, materials of construction 

for, 2103 
pulverizing of, 1946 


Fuel(s), 30 
alcohol as, 2358 
benzol ns, 2 
coal tars ns. 2357 


cost of, 2347 
gas(es), ammonia in, 2370 
analyses of (tables), 2303-2367 
limite of inBammability, 2401 
gaseous, 2350-243 
burner for, decim of, 2383, 2086, 2418 
by-products of, 231 
або value of (table), 2351 
combustion calculations for, 2 
combustion data on, 2078-2 
explosive li 
flame tem; 


impurities in, 2362 
industrial application of, 2422 
inflammability of (tables), 2390 
iron oxide process for purifying, 
light oils recovered from, 2870 
manufacture of, 2386 
sulphur in, 2363 
tar in, 2373 
gasoline as, 
Kerosene as, 
liquid, 2343: 
analyses of, 
burners for, 2 
oil, burning equipment for, 2352-2357 
ув, coal, 2347 
consumption in U.S., 2343 
determination, of impu 
for Diesel engines, 2468 | 
consumption уз. capacity factor, 
2466 
flash point of, 2846 
uarantees of manufacturer, 2468 
eaters for, 2354 
installation directions, 2352 
production of, 2343 
properties of, 2340 
pumps and piping for, 2353 
Purchase of, 2344 
sampling of, 2344 
specific gravity of, 2344. 
specifications for, 2845 
storage of, 2353 
testing of, 2344 
units of sale, 2344 
за plant location factor, 
powdered coal, solid, 23 
reactivity of, 2835 
tar oils, 2358 


FUEL(S) 


Fuel(s) (continued) 
water gases, analyses of (table), 2363, 
2305-2387 
Fugacity, 1854—1859 
charts for pure gases, 76: 
in equilibrium calculations, 763 
for gas mixtures, 762 
use, 760-764 
of gases, 654. 
of liquids and solids, 655 
Fuller-Lehigh mill, 1938, 1929 
Fuller mills, grinding rubber, 1039 
Fuller's earth, acid-treated clays, 1201 
ав adsorbent, 1277, 1293 
vontact plants, 1278 
granulation of, 1940 
grinding of, 1940 
manufacture (flow sheet), 1278. 
percolation plants, 1285 
revivification of, plant for, 1289 
Function(s), expanded into series, 220 
exponential, 
logarithms, 46 
ix anglea, 191 
vperbolie, 213 
Implicit, 218 
logarithms, 46 
integral, 224230 
transcendental, 229 


trigonometric, 189-194 
of curves, 212 
lognrithe 


Funds, sink 
Furnace(s), aro, 2803 
atmospheres, 2422 
billet-rehenting, heat transfer in, 1026 
boiler, 2445 
Detroit rocking, 2810 
electric, 2801 
‘Applications of, 2800 
distillation products of (i 
for non-ferrous metals, 
oducts of, 2811 
for steel, 2802 
types of, 2608. 
fiavity-drop burner, 1280 
eat transmission in combustion cham- 
hers of, 1023 
Heroult, 2802 
induction, 2807 
multiple-hearth, 1289 
resistance, products of (table), 2813 
for revivification of fuller's earth, 1289 
rotary kiln, 1289 
nteam boiler, heat transfer in, 1027 
"Thermofor kiln, 
alls bent conduction through, 963 
usain, 2832 
Fused electrolytes, 2797 
Fused-silica pipe, 921 
Fusible alloys, 046 
Fusion, of elementa and inorganio com- 
pounds, latent heats of, 496-509 
granulation by, 1099 
heat of, 037 
of ice, latent heat of, 2625 
Intent heat of, by Othmer's rule, 735, 
736 
by ‘Trouton's rule, 735. 
of solid carbon dioxide, latent heat of, 
2625 


le), 2815 
i00 


291 


GAS(ES) 


Fusion (continued) 
temperatures, of refractories (table), 
479 


ge, gravitational conversion factor, 772 
Gabriel reaction, 597, 608. 
Gage(s), Bourdon, 786 
compound, 786. 
diaphragm, 786 
differential, 780 
draft, 2028 
float, 787 
hook, 787 
inclined pressure, 788: 
interface, 787 
liquidometer, 2047 
MeCullom-Peters, 2031 
magnetic, of Schuster, 2086 
metal and sheet, conversion table and 
‘equivalents, 110 
multiplying, 782 
open, 780 
point, 787 
pressure, 780, 2028 
Bailey 
bellows, 20 
calibration of, 786 
electric telemeter, 2081 
Ellison, 2028 
mechanical, 786 
secondary, 2028 
slack diaphragm, 2020 
tester, dend-weight, 2080 
vacuum, 781, 2027 
Volumetric, 2030. 
Gallon, U.S." and imperial, definition of, 
Galvanio cells; 
Galvatron, 2060. 
Gantry cranes, 2206 
Gardner mobilometer, 1533, 1585, 1538 
packing, for high pressures, 2184 
Gas(es), absorber, 1555, 1605, 1560 
absorption, 1119-1212 
adiabatic, 1 
Butea towers, 1106 
caleulation of capacity of absorption 
towers, illustrative problem, 11587- 
coefficients, numerical values, im 
miscellaneous equipment, 1189 
in plate columns, 1188 
in spray towers, 1176 
їп wetted-wall columns and like 
apparatus, 1171 
is, and Crandall's theory of, 1152 
effect of solvent in vapor phase, 1155, 
1156 
equipment, 11945. 
film coefficients, effect of temperature 
on, 1170. 
gas film, 1141 
general theory, 1122 
illustrative problem, 115877. 
isothermal, 1157 
liquid film} 1144. 
liquid-filmn’ coefficients 
towers, 1170 
modified Kremzer function, 1150 
stripping, 1167 
theory, 1138 
towers, design of, 1142 


in packed, 
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GAS(ES) 


Gases), absorption (conti 
tworfilm theory, 1145 
two or more gases simultaneously, 

1209 
actual, 618 
Joule-Thomson effect, 643, 709, 714. 
adiabatic flow of, 801 
adsorbent carbon, 1277 
alcohol recovery by, 1820. 
elimination of odors by, 1319 
in gas masks, 1320-1321 
in recovery of gasoline from natural 
gas, 1318-1319 
adsorption from, 1276 
adsorption of, by charcoal, 1310 
analysis, deviations from gas laws, 2384. 
analyzers, 2076 
izing nozzles, 1980. 

ions of, 1089, 1993 

automatic Orsat, 2077, 

black, separation of, 19 

blast-furnace, as fuel, 2350 

burner for, design of, 2418 

caleulation of true temperature of, 982 

coefficients of thermal expansion of 
(table), 486 

coke, аз fuel, 2341 

combustible, detectors of, 2076 

combustion data on, 2878, 2379 

commercial, analyses, 2365 

compressed, cylinder for, 2916 

Water-vapor content of, 392, 393 

constants, 617, 629 

containers in storage of, 2285 

contents for (table), 2378 

cooling, 721 

at constant pressure, 
at constant volume, 721 

corrosive, materials for handling, 2706 

Hensities of (table), 411, 436, 

density, alignment chart, 209: 

diffusion, 628. 

discharge, списа! ratio, 847 

dispersoids, 1850 

characteristics of, 1854 
drying of, 1522-15: 


109-1320 


hy adsorption, 1524 
by compression, 1523 
by reugents, 152 


by refrigeration, L5 
ecuilibeium calculations, 763, 704, 700 


prom r burning, 2422 
feeding of, 
fame propagation, apeed of, 2404, 2405 
flame temperatures of, 2406 
fammable, fire hazard of, 2915 
Воз of, 809 
through pipe lines, 2414 
weirs for, 864 
fuel (see also Fuels, gaseous) 
analyses of (table), 2368: 
fractionation analyses of (tabh 
industrial (table), 2366 
fugacity, 054 
Haya COs recorder, 2077 
Haye Dreatometer, 2077 
hent capacity of, 032 
calculations, 728, 766-769 


Gas(es) (continued) 
heat transfer by foreed convection in, 


ad coolers, design of (chart), 


heating values of, 2381, 2386 
ats of combustion of (table), 2378 
high-pressure calculations, 757-700 
olders, 22: 


„ 2284 
calibrated, 2037 
ideal, 617 

calculations of, 719-721 
ignition temperatures of (table), 2398 
as industrial fuel, 2422 
flammability of (tables), 2390-2401 

60 


laws, calculations of, 719, 721, 7 
deviation of, in petroleum-fraetion- 
ating towers, 12 
perfect, in distillation, 1953 
lifting power of, 6: 
limits of inflammability of, 2383 
liquefaetion of, 620 
liquefied, manufacture of, 2620 
specie heats of (table), 527, 944 


chart, 
and liquid mixing, 1585. 

and liquid velocities in packed towers, 
manufacture of, 2880-2397 


by-products in, 2370 
1320-1321 


meters, 805, 2036 
‘eyeloidal, 2086 
dry, 2086 
wet, 2086 
ers for, propeller ал, 1651 
turbos ig 
mixing, 1560, 1561 
mixtures of, 510, 620 
critical temperatures of, 821 
Sensible heat content of, 728 
molal volume of, at 0°C and 1 atm, 487 
moverent of, 2305 
natural, composition of (table), 2364. 
пз fuel, 2361 
gasoline recovery from, 1318, 1310 
aatural-convection coetliclenta for, 985 
Gil, analysis of (table), 
ав fuel, 2301 
АЗЛУМ. distillation, 1461 
table, 2331 
orifice equations for, 2039 
ın, aa fuel, 2361 
pecifie henta of, 185 
Pintsch, 2362 
in pipes, heat transfer to, 976 
Poisoning by, first aid for, 2083 
Dressure loss in flow of, 809 
Producer, ва fuel, 2301 | 
heat balance in (table), 2886 
manufacture of, 2080 
radiation, beam lengths for, 1015 | 
from non-luminous, 1014. 
ratios of specific heats of (table), 545, 


395 


reactions, contact eatalytio, 702 
real, variation of energy nnd heat con- 
tent with pressure or volume, 042 


GAS(ES) 


Gastos) (continued) 
re-formed, па fuel, 2302 
sampling of, 1756, 2380 
scrubber, 1559, 1573, 1574 
separation of, 1973 
solubility of. 676 


specific heats of (chart), 
mean, between any two temperatures, 
2412 
storage of, 2284. 
under р! 
thermal conductivities of, 
tables, 2078 
velocities through and pressure drope 


mes, 1863 


оп ав absorption, 1169 


veloeit; 


viscosity. 
washer, Theisen, 1868 
Gus-film absorption coefficients, effect. of 
т velocit 1100 


eharaeteristies of, 


2682 


Gaseous discharge, 
tubes, hot-cathod 
Gaskets, 941 
flanges for retaining, 
igh-pressure apparatus, 2174 
и. distillation (table), 


consumption in US, 2343 — —. 
drying of, with activated alumina, 1327 
ns fuel, 2858 

yas, analysis of, 236) 

natural, weathering of, 1384 


Tesovery of, from natural gas, 1318- 
B18 
ros, Limits of inflamn 


ty, 2401 
er, 1546, 1578 

оң, 936 

table, 087 
Gartermunn reaction, 608 
мања, definition of, 2841 

ley dry blast, 1524 
Аа 


г trans 


General accounting, 28: 

journal in bookkeeping, 2842 
eral Electric dewpoint potentiometer, 

074 

Generul, reports, 2958. 
research reports, 2054 

Generators, 2705 
alternating current, 2707 (ме also 

Alternators) 


tompound-wound, 2707 


paralleling of, 2707 
regulation of, 2706 
three-wire, 2707 
types of, 2706. 
Genter filter thickener, 1638 
Geometrie mean, 166 
Geometrical constructions, 165-172 
mean, 142, 166 
progression, 141 


GRAPHICAL CALCULUS 


Geometry, analytical, 206-215 
of crystal growth, 1771, 
and mensuration, 154-158 
plane, 154-158 
‘theorems of, 154 
progression, 141 
solid, 158-162 
theorems of, 15 
spherical, theorems of, 162 
Gibhe cal, 2795 
Giblie-Helmholts equation, 2745 
Gilbert, definition of, 2641 
Gilliland’s method for кав mixtures, high- 
Pressure ations, 758-700 
Gilsonite, ри 1972 
Ginger, gri 
Girod furnace 
Glass(es), cloth, in “ration, 1056 
cubical expansion of, 484 
оде, 57: 
it, manufacturers of, 2 
2151 


equip 
physical propertie 
rinding of, 
linear expansion of, 483 
pipe, 9: 
properties of, 2097 
sight, for high pressures, 2179 
tubing, bursting tests of, 2179 
Glass-lined equipment, manufacturers of, 


2151 
physieal properties of, 
Glas 916. 


Globe ушен, 9086 
table, 037. 

Glow discharge, 2662 

Glue, grind 1914, 1926. 
hygroscopic relations of, 1091 

Glycerin, as drying agent, 1528: 
densities of aqueous solutions of (tablo), 
freezing and flow points of (table), 
specific heat of (table), 588 

Glycol, ethylene, freeing and fow points 


trolytie refining of, 2787 
Physical properties of, 2126, 2139, 2148 
plating of, 2774 
Gold-platiniim, 
2148 
Gordon, truy dryer of, 1510 
Governors, pressure, 2032 
Grainer, 1590 
Grains, grinding of, 1910, 1937, 1944 
Granular grinding, 1048 
Granulating, oscillator, 1997 
Granulation, 1913, 1939, 1942, 1996- 
1999, 2004. 
binding agents for, 1096 
of fertilizers, 1908 
by fusion, 1090 
soft materials, 1940 
by spray drying, 1999 
Granulator, oscillating, 1997 
Granules, production of, 1896, 1939, 1942 


physical properties of, 


Graph papers, types of, 252-255 
Graphical calculations, for extraction. 
1283. 


Graphical calculus, 236-240 
tables, 237, 238, 239 


GRAPHICAL DIVISION 


Graphical division, 156 
differentiation, 


337. 


multiplie: 
Graphite, grinding of, 1895, 1071 
table, 1972 
pipe, 909 
production of, 2813 
structural, makers of, 21 
properties of, 2158 
Graphs and graph paper, 
Gravel, grinding of, 1895 
Gravitational constant, value, 128 
Gravitational conversion factor, ge, 772 
Grayity, acceleration due to, local, 800 
acceleration of, 126 
relative, of ingredients of mixture, 1540, 
1567 
roller conveyors, 2198, 


50-256 


ie gravity) 
stamp milis, ТОЙ 
terrestrial, 125 
Gravity-drop burner, 1289 
Gray surface, 1008 
Greavea-Ftchells furnace, 2806 
abet, 127 
се, 2805 
'alendar, 125 
packing, pressure drop in, 833 
Gridglow, power relay tube, 2087 
Griffin mill, 1928 
Grignard resection, 008. 
Grindability of coal, Bureau of Mines or 
Ball method, 1964 
Grinding (sce ойго Puly 
of abrasives, 1618 
coment slurry, 1612 
characteristics, factors affecting, 1888 
«јава ће ов between stages of, 1003 
closed-circuit, 1603 
of cement slurr 
equipment for, 
operating data for, 1614 
of whiting, 1616 
crushing and pulverizing, 1885-1081 
granule produotion in, 1989 
of hard rubber, 1080 
lithopone, 1017 
of metals, 1041 
metallie minerals, 1946, 1972 
ireuit, 1003 
open- уз, closed-cireuit, 1605 
open- and closed-circuit, sieve tests in 
(table), 1608 
theory of, 1888 
to various finenesses, cost of, 1908 
of various materials’ (sea under specific 
names) 
Qriseom- Russell evaporator, 1046 
Grisly, 1706 
Grog, pulverisation of, 1949 
Grónwall-Dixon furnace, 2806 
Grosyenor, humidity chart, 1515 
Units of humidity, 1081 
Quaiacum, pulverizérs used for, 1977. 
Guano; Peruvian, pulverisation of (table), 
Guards for belts and 


ing) 


pulleys, 2893 


Gummy materials, grinding of, 1917 
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Gums, grinding of, 1976 
Gypsum, drying of (data), 1501 
‘grinding of, 1806, 1897, 1913-1015, 
1920, 1956, 1961 
tables, 1961 
Gyratory Crushers, 1890 


Hair, belting, in power transmission, 
00 


hygrometer method of determining 
humidity, 1087 
Hammer mills, 1012 
operating results with (table), 1912— 
1014 
‚ 2200 
, properties. of, 


2116, 2133. 
Hardgrove method. of pulverisi 
Hardinge, sir-swept conical 
1924 
for grinding conl, 1906, 1070 
ise thickener, 1632 


, 1904, 1964. 
constant-weight feeder, 2051 
belt feeder, 1905 

countercurrent chassi 
phragm pump, 16 

"Electric Ear,” 2201 

mill, granular grinding with, 1048 

eteristica of (table), 


1962. 
ball mill, 


‚ 1597 


welrutinding of raw mix in cement 
industry, 195 
reverse-cllrrent air classifier, 1906 
sand-filter clarifier, 1641 
superfine classifier, 1905 
Hardness, Moh scale of 
Hargreaves-Bird cell, 2798 
Harmonical mean, 142 
Harmonica! progression, 142 
Harz jig, 1722 
Набу, law of, 1758 


Haveg pipe, 917 
ing of, 1945 


Hay, pulveri 
Hays, COs ri 
Orsatomat, 2076 
Hazards, from chemical corrosion, 2211 
occupational, and treatment for, 2985 
|, of fluid, 773, 780 
ion, 808. 
pressure. 
static, 80 


нда), of adsorption, 641 1 
balance, in ammonia reaction, 743 
in continuous rectification, 1403, 1404 
diagrams, power plants, 2471 
discussion of, 1464 
use of, in tower design, 1461 
leùlation of theoretical 
temperature, 744 
calculations, 767, 769 
capacity(ies), 031 
of elements and inorganic compounds 


(table), 5 
36. 1728, 2407 


of gases, 632, 
Я 


in fame 


quide, 


HEAT(S) 


Heat(s), capacity (continued) 
of solids, 634 
of water, 
of combustion, of gases, 2378, 2379, 2381 
conduction of, 948-067 
constant, summation of, 739-741 
conductivity of (асе Conduetivity, 
thermal) 
consumption of, of dryers, 1493 
content, 630 
chart, high pressure, 765 
use of, 764 
entropy and, chart of, 709, 630. 
of gascous mixtures, 728 
of liquid 
of pure gase 
of real gases, 
press 
sensible, 726 
total relative, 736 
ystallisntion, 1781 


of, with 


ot 


HEAT-TRANSFER COEFFICIENTS 


Hent(s), of reaction (continued) 
conventions, 737 
from heats of combustion, 
from heats of formation, 738 
at specified temperatures, 742 
standard, 736-742 
variation with temperature, 630 
reboil, 1457 
regenerators, heat transfer in, 967 
through solids, 962 
38, 780, 736, 1800-1807 
nbstances, 1800 
organic compounds, 1806 
of solids, 730 
specific (see Spe 
total, of p 
sfer of, 
in blast-furnace sto 
in mixers, 1577-151 
rates in drum flakers, 2003 
in refrigeration, 2508, 2 


densers, 997 
„ 967 


damage hasard, in handling equipment, in unsteady state, 964 
212 transmission of, 047-1020 (see. also 
through dry surfaces, 1481 Heat, transfer of) 
effects, caloulation of, in flow, 801 radiant, 1002 
in crystalliastion, 1761 units, conversion of, 717 
electric, 2008. 
emissivity of (table), 1004-1007 
energy or work and conversion table, standard, 718 
units, equivalents, 104 types of, 71 
engine, 7 of vaporizat 
entropy und, diagrams (see Mollier estimation of, 
diagram) latent, pressure, 
angers, construction of, 970 (curves). 
cost of, 1001 from solutions, 10 
hent transfer of wetting, 641 
pressure dro Heat-transfer coeficients, apparent, 


temperature differen cost. of, 
1001 
tubing for, 896 


exhaustion, first aic 


а, 


flow, conversion table und equivalents, 
107 
of forma 


on, 086 
ılation of standard heat of 
tio 


ie compounds, (table) 


шш, definition of, 1083, 1514 
integral, of solution, 638 
latent, (ue Latent heat) 
loss of, froin steam pipes, by radiation, 
985 
natursl convection of, 007 
of organic compounds (table), 27: 
pump, prineiple of 
Таба оп of, fror coal lames, 1028: 
due to carbon dioxide, 1016 
from fine gas, 1019 
from gases, caleulation, 1014 
from luminous flames, 1020 
from non-luminous flames, 1014 
from particles, 1020 
between solids, 1008 
from sulfur dioxide, 1018 
between surfuces, 1008 
between surfages of solids, 1008 
due to water vapor, 1017 
of reaction, enleulntion af, 637 
ealorimetrio determination of, 630 


зи 
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definition of, 1038 
for coils imanersed in liquida, 098 


ction, 974, 986 
version factors for, 971 
effect of liquor level on, 1042 


effect of surface па on, 1041. 

for enameled ster 

in evaporating 

in evaporation, 10 

in evaporators, 992, 
film coefficients, 992 
over-all coefficients, 1000 

бїт, 

in forced-cireulation evaporator, 1040 

to gases, 073 

for glass-lined steels, 2150 

graphical interpretation 

coefficients, 977 

in hent regenerators, 967. 

in horizontal-tube evaporators, 1037 

in inclined-tube evaporators, 1038 

individual coefficient, 008 

in jacketed kettles, 1044 

for jacketed vessels, 999 

to liquids in tubes, 97! 

mean temperature difference in, 960 

miscellaneous, 1000 

in mixers, 1578, 1579 

nomenclature and units of, 972 

optimum insulation thiekne 

optimum velocity in, 994 

over-all coeficient, 969, 997-1000 


of over-all 


006 


HEAT-TRANSFER COEFFICIENTS 


Hoat-transfer coefficients (continued) 
radiation coefficients, 983. 
Тог sulfate pulp liquor, 1040 
for sulfite pulp liquor, 1041 
in vertical-tube evaporators; 1036 
in Yaryan evaporator 
Heaters, closed, 2484 
Чесїнї, cartridge, data on (а 


le), 21 


for fuel oils, 

open, 2483 

petroleum, heat transfer in. 
Heating, of kettles, 1577-1582 

machine, 048 

surface, caleulation of, in evaporators, 

1032 
of evaporators, 1042 
values, of conls, 2: 


1026 


Heights, eire 
Holieal mixe 


moisture of (graphs), 


low, 658, 675, 1122 
ications of, in distillation 


1355 
1283 


tive problems, 


1130 


reduction units, 


41 


Herringhon 

Hess, law of, 738, 

Heterodyne detect 

Heterogeneous renot 
700, 701 

H.E.T,S., use in extraction, 1 


kinetics of, 


construction in and about 
169 
Шола] уакта, 17 
Hexanes, commercial prop 183 
heat of vaporization, 238: 
сіва hear of, 238% 
High pressure, caleulations, 755-760 


2188, 218 


How meters, 
pueking for 
ight glass, 


High ido, voller x 
igh side, roller mi 
Hildebrand's rule 
Hindered motion, in centrifugation, 
lite binder for coal briquets, 
Hoepner, se 
sewing heads, 
Hofmann's reaction, 
rearrangement, 808 
Hoist(s), chain, 2204 
ata on (tables), 
motor-driven, data on (tabl 
and cranes, 220 
drum, 2204, 2 
operated chain, data and cost of, 


1814 


HUNTER AND NASH 
Holder(s), Dustite bag, 2306 

zas, 2284 

swellgrip bag, 2306 
Hollow-cone nozzles, 198: 
Hominy-grinding of, 1910 
Homodyne detectior 
Homogeneous equations (c 
Homogeneous reactions, kine 
Homogenization, 1917 
Homogenizer, 1358, 1565 
Homogenizing, 1531 
Hook ga 
Hooker сей, 
Hoop t 776 
Hops, grinding of, 1909 
Horizontal c 
Horizontal 
120, 121 
nial pipes, 
Horizontal-tube 
Horsepower, 1 


volun 


loss from, 987 
rator, 1045 


Ы A666 


Hose, us fire protection, 2886 
flexib allie, 907 | 
rubber s, 021 | 

Hoi-wire anemometer, 889. 

Housekeeping, safety and fire protertion 

Howard, erystallizer 

г, 1857 


1782 


Humid density 
Humid heat, 
id volume 
idifiere, comparison € 
direct, 1086 
indirect, 1093 
Humidiücation, 1080, 1081 


1516 

finition of, 1083, 1514 

definition of, 1083, 1510 
1006 


of air, coefficients, 1180 
gas-ütomisinet nozzles for, 1980. 
impact nozale for, 198; 
Humidity, absoluta, 2071 
artificial conditions of, in manufao: 
turing, 1092 
aleulation 


chart for, in dryer ealenIntion, 1514, 15 
constant, maintenance of (table), 11 
ol a 


1083, 1514, 
determination of, 1086 
effet of, in drying, 14 
measurement and control of, 2071 

automatic, 2073 


defini 2071 


percentage, absolute, 1514, 2071 
definition, 1088. 
relative, 1514 
relative, 1083, 2071, 207: 


trated, 1514 К 

temperature relations in dryer, 1517 

Hum-mer sereen, 1718 

Humphrey, gas pamp of, 2263 | 

Hunter and Nash, ealewlating solvent 
traction, 1233, 1234, 1236 

interpolating tie-line data (with Bı 
и), 1238 

ой-во stems 


› 


HURREL COLLOID MILL 
918 


Hurrel colloid mill, 
НТО, 11437. 
numerical values of, 1191 
use in extraction, 1250-1255 
Hydrants, as fire protection, 2870 
Hydeates of inorgsnie compounds, 
Ке 
transition poin 
Hydraulic radins, for v 
(table), 807 
Hydrazine, densi 
оГ (table), 418 


456 


of, 456-472, 480 


ms solutions 


ies of aqueo 


Hydriodie acid, partial pressures of 
tuble), 403 
Hydrobromie acid, 


aqu 
айг required for burning, 


Hydrocarbon(s), 
51 


Cox hart of, 1343, 18 


critical temperature and pressure of, 
of, 1348 
heats of combustion of 


arta for, 1: 
Intent, beats of vaporizution of, 1340, 
liquid. densities of (chari), 43 

latent heats of fusion of, 308-500 
latent А vaporization of 

(chart) 


vapor mixt 


pressures of 1343, 13 
cid," materials of 'eon- 

uation for, 2100 

al pressures of, 304, 395 

r aqueous. solution (table), 394, 

495 

specific heat of (table), 536 

Vapor pressures of, 404, 395 


vapors, 2106 
Hydroflnorie acid vapors, materials for 
handling, 2106 


Hydroflüosilivic acid, densities of aqueous 
solutions of (table), 417 
Hydrogen, bromide 
solutions of 
chloride, coefficient for gni 
in wator, 1175, 1190 
densities of aqueous 
(table), 417 
solubility in water, 1126 
coefficient for absorption, 1186 
compressibility factors of (tablo), 488 
de, donsities of aqueous solutions 
of (table), 410 
electrode, 572 2 
electrolytic production of, 2766 
fluoride, densities of aqueous solutions 
able), 417 


ан fuel, 286 
supacities of, 2407, 2412 
iodide, partial "pressures of, 
aqueous solutions of, 403 
jon, control of, 2080 
ion concentration, 568 
chart, 569 
determination of, 571 


of aqueous 


solutions of 


over 


IDEAL GAS 


Hydrogen, ion concentration (continued) 
measurement of, 
voltage relatio 


nitrogen 
compr 


ity factors of (table), 492 
tente at high pres. 


overvoltuxe, 
peroxide, densities of aqueous solutions. 
of (table), 417 
ability in Water, 1126. 
removal with iron oxid 
39 
solubility of, in trietham 
diethanolamine, 1134 
in water, 1127 
temperature-entropy diagram for, 710 
Hydrostatio paradox, 774. 
Hydrostaties, 772 
Hydrotropic salts, 681 
Hygrometers 
hair, 207 
Hygroscopic, or equilibrium, mois- 
ture, artificial textile fibers, 1080. 


process, 


ing, 1514, 1520. 
organic chemie 
Teather, 1090. 


natural fiber textile materials, 1089 
organic chemicals, 1088 

rubber, 1000 

of various papers, 1088 


Hygroscopic relati 
1088-1092 
black, 1091 

foods, 1090 

1091 


ns of materials, 


1092 
, 1089 


glue, 1091 
inorganic substances, 1090 
1 


er, 1000 
lumber, 1091 
organie substances, 1091 
rubber, 1090 


soap, 1091 
Hygrostats, 1104 


Hyperbola, analytical problems, 160-161 
area of, 160-101 
construction of, 172, 210 
conjugate, 211 


curves, 250, 2 
nition, 310 
bolic ‘curves, graphs of, 213, 250, 


inverse, 204 


Hyperbolic fancti 
and logarithms, 46 


(ве aluo Вега 


able), 390 


vapor pressure of 


Ideal gus, Gi 
expansion and eom 
atie, 645 

othermal, 644 


of, adi 
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Ideal gas (continued) 
heat capacity of, 033 
laws of, 617 
pressure-volume relations of, 705 
Ideal solution, 657 
Idlers, for belts, data on, 2227 
spacing of, 2237 
Weights oi, 2227 
Ignition temperatures (table), 2308 
of gases, 2397 
Tgnitron tube, 268: 
Tlluminating gas-nir mixtures, limits of 
inflammability, 2401 
Illumination (nee alto Lighting) 
artificial, 2690 
electric, 2090 (see also Lighting, electric) 
levels of, for industrial interiors (table), 
2601 
LM.M. series of screens, 1720 
Immersion test, 209 
Imp pulverizer 
Tmpaot nozzle, 1987 
Impact tube, 836 
multi-type for flow direction, 841 
Impedance, electric, definition of, 
measurement of, 2658 
Impeller mixer, 1553, 1554, 1568, 1967 
Impeller packer, 2301 
Implicit functions (calculus), 218 
Impulse meta 
Impulse wheel, 2 
motor, 868 


Income distribution, 28 
Indeterminate forms, 
Indicator cards, refrigerating compressors, 
1533 
Indicator diagrams, for steam engin 
2456 
Indicators, 
chart of, 
data on, 
pressure, 2027 
process variable, 2012 
recommended, 570 
Indirect-fired. kettles (mixers), 1578, 1580 
Indireet humidifiers, 1008 
comparison with direct, 1096 
Indirect system of humidification, 10 
Indium, physical properties of, 2127, 2 
Inducod-draft fana, 
Inductance, electric, definition of, 2040 
Induction balance, 4026 
dust collector, 


generator, 2708 


activated a 
bauxite, 1977. 
hone char, 
decolorizing с 
application: 
и by, 1306 
Fuller's earth, 1277, 1278, 1293 
acid-treated clays, 1 


INSTRUMENTS 


жам, Е ПЕ Fuller's earth. 
contact plants, 1288 

Percolation plants, 1283-1289 

peres н 7, 1309-1821 

320 

1319 


gas adsorbent carbons, 1 
alcohol recovery Бу, 
elimination of odor 
gas masks, 1320-1321 


recovery of gasoline from natural 
gas by, 1318-1319 
magnesin, 1277, 1335, 1336 


medicinal carbons, 
metal-adsorbent с 
silica gel, 13 
xir conditioning b 
rbon dioxide purification by, 1331 
alysis, 1334 
dehydration, 1831 Бу 1988 
liquid. phase adsorption by. 
miscellaneous applications of, 1384 
petroleum тейл 
Industrial fuels, eost, 2801 
Industrial hazards, safety measures and, 


Industrial railwaya, 
Industri 
Industr 
Industry 
Шегі, 


reporta, 
moment of, for plane figures, 7: 
series (algebra), 178. 

Tnflammability, limits, for ammonia 


mixtures, 2401 
blast furnace gas-air mixtures, 2401 
Ioulation of, 240; 
gasoline-oir mixt 
illuminating gas- 
natural gas-air mixtures, 
single gases and vapor 
water gas-sir mi 
Injector mixer, 15 
1564 
Inks, print 
table, 


s, 2401 
г mixtures, 2401 


-307 
domiti of aqueous solutions of, 411 


T 307. 
маш Gt, 313-907 
formulas of, 312-307. 
free energies of formation of, 547-5 
heats of formation of, 547—565 
high vapor pressures of, 2 в 
ent heats of fusion of, 400—504, 500. 
елі heats of vapor 
or pressures of 
melting pamts of, 312 
physical constants of 
solubilities of, 312-367 
specific gravities of, 31 
specifie heats of, 515-524 
Inorganic substances, hygroscopic 
s of, 1090, 1118 


rala- 


Insertion of liners in containers, 2315 
Instruments, controlling supervision. of, 


INSTRUMENTS 


Instruments (continued) 
measuring and control, 2009-2089 
parts of, 2017 
potentiometer, 2005 
repairs of, 2088 

Insulating material, thermal conductivity 

of (tables), 951- 


Insulation, optimum thickness of, by 
MeMillan chart, 096 
thermal conductivity of, 
Insurance їп cost aceous 
Integral calculus, 
Tntogral exponents, p 
Integral functions, 9 
Integrals, definite 
Tntegraph, mechanical, 234 
Integrating scales 204) д 
Integration, graphical calculus, 236 
single, double, and triple, 232-233 
by substi 
substitution for, 
volumo determination by, 2 
Tntegrator(s), 234 
for circular obart 
intermittent, 2044 
Interface, free energy of, 777 
Interfacial tension, 777 
(table), 778 
Intermediate industri 
ttent dryer, 
Intermittent settling tanks, 1623 
Internal evaporation in drying, 1485 
1484 


ae, liquid diffusion in drying, 


Inverse hyperbole functions, 204 
Thverse-vortes dry collectors, 1803 
Inversion temperatur 
Tuverted plasticity, 
Tnvojoe of purchase 
Inyoluté, construction of, 17: 
Iodine, adsorption of, by ebare 
1285 
by magnesium oxide (fow sheet), 14: 
Yon(s), adsorption of (curves) (table), 12 
definition of, 2040 


(curve), 


in gases, 2000 
іо platinum, physical properties of, 
2127, 2130, 2148 
Iridium, physics! properties of, 2148 
Iron, east (зе Alloys, ferrous) 
chromium (m Alloys, ferrous; Steels, 


stainless) 
ore, production in 10,8, 
‘sumpling of, 1755. 
exide(s) prosess, for removal of hydro- 
еп sulfide, 2860 
grinding of, 1920, 1951 
pig, production of U.S, 2837 
Properties nf, 2000 (see al 
ferrous) 
Tsobarie cooling, calculation, 
Isoburs, 705 


Isobutane, properties of (table), 2 
temperature-entropy diagram for, 
Isochore 


Tsomoter, 2046 
Isometric charts, 
Tsomorphism, 1 


54 


g 


KELLY FILTER 


cohol, densiti 
of (table), 447 


of aqueous 


solution 
Isotherm, 705 
al expansion and compression, 


Isothermal streamline 
Passages, 816 
Isotopes of the elements, 


їп straight 


35 


Jacketed vessels, overall heat. transfor 


coefficients ví 


Jelirey, hammer mill, 1914 
shredder, 1914 
ngle-roll crusher, 1899 


swing-hammer mill, 1918 
5 sen erystallizer, 1792 
Tet(s), blowers, 2487 

condensers, 1073, 2480, 2482 


mixor, 1543, 1560, 
pulverizer, 1930 
pumps, 2268. 

ste 


561, 1564 


Jig 


ratus, 2186 
2174 


175 

"wave-ring" pressure, 2174 

Jones oil-gaa generator, 

Joule-Thomson effect, 700 
tables, 477, 478 


for high: 

laced, of belts, 

" pressure 
tub 


ns ring 


air, 477 

carbon dioxido, 477 

ethyl chloride, 478 
478 


thermodyn 
Journals, bookkee] 
Jumbo pulve 
Jute, bygros 
1089 


functions and, 642 
E, 2842 
izer, 1952 
оріс moisture of (graphs), 


К charts, for hydrocarbons, 1356-1850 
(eee шо Equilibrium, vaporization, 
continuous) 


Kaolin, drying of, in rotary dryers 
(table), 1505 
fuel required for drying, 1950 
grinding of, 1933, 1034, 1040 
power required for grinding, 1950. 


raetory properties of, 2154 
„variation in capacity with fineness, 1988: 
Kay's method for gas mixtures,’ high 
pressure calculation 
Keg(s), filling of, 2315-2317 | 
liner insertion in, 231, 
packing materials in, 2315 
Keller furnace, 2805 
Kelly filter, 1067 
1095 


KELP 
Kelp, pulveri (table), 1055 
Kelvin balan 
Kennedy Ыг азер tube mill, 1966 

Kennedy-Van Saun gearless gyratory 

crusher, 1891 

Kent-Maxecon mill 
Kerosene, А.8.Т.М. 


TT 


1927 
distillation of, 146: 


evaporator, 1045 
spray dryer, 1497 


Kettles, coefficient of heat tr n 
1578, 1579 
direci-üred, 1578, 1580 
Dowtherm heated, 1578, 1580. 


electrically heated 
in evaporation, 104 
heat tran 

heated, film ге 
indirect-fired, 


1578, 15i 


mereury vapor heated, 1578, 1580 
oil-heated, 1578, 1580 
law, 1989 
Kiln), mill, drying, 1924 
lowalt-honr, 2041 


King-Seeley Telegage 

Kirchhots laws, 100 

istinkowsky 

1 ешп furnae 
ders, 1548 


Knoevenagel 
Knowles cell 
Kolbe-Schinide r 
Kominutor, 1004 
Kopf's law 


600 


Kopper's by-product coke oven gas, 
Krebs cell, 2703 

Krystal erystallizer, 17: 
Kutter's formula, 513 


Labor as plant location factor, 
surveys of, 2830 

Laboratory, distillations, 1464 
drying tests, 1488 


Lacquer(s), cellulose, favorable һушто- 
зоор conditions for, 10: 

solvents, sampling of, 17: 

сне acid, materials of construction for, 


00 


Ladders, fire protection and, 2900 


safety and, 2900 
Lag, lime, effect in automatic contr 
Lake transportation, 2840 
Talande coll, 2756 

Laminated phenolic tubing, 010 
Lampblack, pulverising of, 1 


Tapped joints, 

Larkspur seed; pulverizing of, 1011 

Latent heat(s), calculation of, 638, 731 
ordi 


mpounds, 


of fusion, 406-509, 735 
of hydration, 736 

of inorganic compounds (table), 496 
of miscellaneous materials (table), 508 
of solvent from solution, 640, 641 

of sublimation, 637 


2096 


LEEDS AND NORTHRUP 


Latent heat(s) (continued) 
insition, 687. 
poriestion, 490- 
of coul-tar fraction 
of elements and in 
15-500 

490 
ın pounds, 509-514 
0 
ds, 398. 


Banio compounds, 


г, 400 
ег as fiherizer, 1952 
agat, 620 


Laurie pulver 
Law(s) of An 


nd Mathias, 6 


Charles, 6 
Daltor 

finite proportions, 015 
Dulong and Petit, 036 
Henry 


Hess, 138, 730, 741 
ideal gas, 617. 
ideal mixtures, 616 


od y namies, 
ond, 646 
third, 607 
Leaching, 1215, 1601-1603 
ation of methods in, 1220 


uipiment for, 


Le Carbone cell, 2760. 
Lead(s), alloys of, 
arsenate, drying of, 
nate, grinding proportions in 
linseed oil (table), 1981 
electrolytic refining of, 2782 
plating, 2 
white, electrolytic production of, 2700 
extension, for. thermocouples, com- 


pens, 54 
lined pipe, 


2125-2126 


grosuopie relations of, 1000. 
scrap, pulverigution of (table), 
914, 1016 
Leutheroid paper, hygroscopic moisture 
of (graphs), 1089 
Leclanché cell 
Ledgers, Бооке 3 
Ledoux floating bell, 2041 
Leeds and Northrup, automat 
nlancing device of, 20 
circuit-balancing device, 
conductivity controller of, 2080 
frequency recorder, 2085 
humidity recorder, 2078. 
Micromax of, 2050. 
pressure controller of, 2034. 
psychrometer of, 2078 
pyrometer, 2069 
regulator for pr 
Speedomas 
temperature-difies 


won, 


circuit- 


sure, 2034 


recor 


LENGTHS 
L 


paths of circular ares of circle, 85 

rom anzle in degrees, 

from chord and аге height, 85 

"Lens ring" pressure joint, 2174. 

Lessing rings, pressure drop in, 831 

LeSueur cell, 2795 

Level, control of, at high. 
liquid, measurement of, 
measurement of, 2190 

n cell, 2706 

ies and nasets, 2848 


jure, 2190 
47 


current, 
deferred, 
reserves, 
surplus, 2 


Light oils, analyses 
from соке о 
recovery of, 


Lighting, electric, reflection equipment 
(table), 2094 
and recommended intensities, 2883, 


2884 
room index 


for (table), 2093 


unita, eleetrie, mounting heights of 
(table), 2002 
vien] properties of, 
agricultural, grinding of, 1960 
1807 


burned, grinding of (table), 1806, 
4 


cleaning of (table), 1041 
grinding of, operating data for (tabi 
1054, 1961 


crushers used in, 1913, 1914, 
d 
Limestone, crushing of (tables), 1961 
grinding of, 1895, 1914, 10 
(tables), 1927, 1928, 19; 
mills used for, 195 
Line(s), coordinate charts, 2 
ions of, 206 
wtricnl constructions for, 
of motion, 799 
slope of. 
Linear equations, algebra, 179 
calculus, 2 
Linear expan ble), 481 
s. (table), 
aversion table and 


), 113. 
Linen, hygroscopic 

bsg 
Liner(s), inserting into barı 

into bugs, 2307 

їп containers, 2307, 2315 
Linde system for liquid ‘air, 
Linseed enke, pulverization of, 
iquefaetion 


LIQUID(S) 


Liquid(s) (se4 also Fluids) 
centrifugal force on, 1809 
column manometers, 2028 
complex, 788 
compres 
cooling of, inside tubes, 

outside tubes, 981, 984 


f (table), 404 
078, 970 


sion coefficients of, 485 

elevation of bailing paint of, by salute, 
680 

equilibrium calculations with. 


estimation óf critical temperature of, 
heat of vaporization of, 038 
vapor pressure af, ( 
expansion coefficients of (tabl 
film absorption coefficients, 
liquid flow on, 1170 
flammable, fire hazard of, 20) 
outage chart for, 2080 
flow in packed tow 
1206 
with fluid pressure, 
ment of, 2: 
storage of, 
fugacity 
fuels, 
ignition temperatures of (table), 


929 


) 


effect ot 


3 


distribution ој, 


handling of, moye- 


НЫ 
and gas mixing, 1501 

t capueity of, OH, 720. 
t of vaporization © 


1214 

Zliquid separatione, 1816 
"liquid solid separations, 1816 

lowering of freezing point of, hy solute, 

680 

measure (table), 112 

mixing, 1501-157: 

mixtures, binary, 679 

1utual solubility of, 607 

'ural-eonvertion coefficients for, 012, 
957, 958, 085 


1220 


8 
‘mal flow of, 809, 810. 
non-Newtonian, 788 

organic, specific heats of (tab) 


packing о 
in drums, 
artially miscible, 677, 678. 

jase, solute distribution between, 682 


rate, effect of, on pressure drop in 
packed towers, 831 

rheostats, electric, 2085 

simple, 788 

jolid extraction, 1220 (404 (во Leaghing) 


and solid mixing, 1566-1572 
solid separations, 1812 
solubility of gases in, 676 

solids in, 
solution of solids in, rate of, 701 


LIQUID(8) 


Liquid(s) (continued) 
specific heats of (chart), 528. 


|y of (table), 


vapor and, equilibrium relations of, 


systems, tables, 1860-1367 
Vapor pressures, 623 
chart, 3 
viscosity of, 790 
volume equivalents, 102 
warming of, inside tubes, 976, 
outside tubes, 981, 084 
Liquidometer gni 
Liquor(s), cane su 
level of, effect of, 
Lithium, chloride a 
406 
Lithop 
fi 


poration, 1042 
in drying, 


o, classification of, 1617 
tion of, 1691 

grinding of, 1617 

drying of, 1512 
grinding, 1917, 


1974 


Live roller conveyors, 2199. 
Location, planta, 2831-2840 
chemical plants, 2836 


economie {actors 
832 


Weber, on, 
Locomotive erane 
Loft dryer, 1490, 1508 
an temperature difference, 909 
thmic curves 
thmie graph paper, 
'eeiprocal, 


Logarithmic series (algebra), 177 
Logarithms, 148-140 
ealenlations, examples, 145 
common, 8, 34 
four-place, 34 
six-place, 8 
definitione, 143, 144 
exponential functions, 49 
hyperbolic funetions and, 40 


natural, 36 
trigonometrie 
trigonometrio functions on slide тше, 


functions and numbers, 


le role, 158 


Гайса. dupie sli 
graph pap 
Long-eone су 
Long-tube 
tors, 104 
Low-level condenser, 1073 


fone, 1804 
-circulation 


evapora- 


Low-melting products, grinding of, 1037 
Low-temperature fraetionztions, 1470 
Lubricants for refrigeration systems, 2539 


Lubricating oil and centrifuges, 1841 

Lubrication, of centrifuges, 183 
gear reduction units, 2514 
power chains, 25: 
power-fransmission equipment, 2520 
steam turbines, 2460 

Lucite tubing, 618 

Lumber, dryer, Tiemann, 1509 
hygroscopic relations of, 1091 


1356-1350 
use in rectification calculations, 
1406 


MARBLE 


Lumen, definition of, 2696 
output of Mazda lamps (table), 2607 

Luminosity, of flames, 1 

Lune, definition of, 163 

Lux density recorder, 2071 


MoCabe-Thiele calculation, 1407-1408 


application of, 1412 

MacCreedy float control of liquid level 
2047 

McCullom-Peters elecitie telemeter gage, 
2081 

Maco, pulyerization of (table), 1014 

Machine, heating, 648 

refrigerating, 648 

Machinery, gunrding of 

Maclaurin, formula of 

MaeMioh: 

MeMills optimum thickness of 


326 
1052 


tion of, 1051, 
y, properties of, 2154 
, chloride, densities of aqueous 
ан of (table), 418 

007 


pulveri: 


soluti 
properties o 
sulfate, den 


(table), 418 


trol valve, 

field intensity, definition of, 

за: 

Magnetic flux, definition of, 
from ele 

Magnetic 1 

Magnetic unita (table) 

Magnetization, characteristies of, 2048 

Magnetomotive foree, definition of, 2041 

Magnets, alternating current, 261 
eloctro-, 2080 

ШЧ 


Malt, grinding of, 1014 
тйк, grinding of 

mese," dioxide, 
(table), 400 

LE. numb 


1016 
issocintion 


s and analyses, — | 


ila hemp, hygroseopis moisture of 
phs), 1080 


зы 


Manometer(s), 
а 
tioating bell, 

lin 

liquid colm 
open. 

Tag 
technique in use of, 782 
tilting, 785 

Manufacturers of alloys (table), 2108 

Marble, granulation of, 1040 


3908 


MARCY BALL MILL 


Marcy: ball mill, opio-end rod mill, 1907 
operating data on! (table), 1904 

Mani, grinding of, 1910 

Mascot sink-and-float pr 

Masonry, various, ‘spe 


se, 1743 
i^ gravities апа 


densities of, 454 
мазе), action, lawy of, 6 
heterogeneous. system of Rossini, 
750, 761 
"homogeneous ‘kystem of Rossini, 
684 


conversion table andl equivalents, 104 


Jaw of conservation of, 7: 

Тале of material balances, 

velocity, superficial, 708 

per unit length, con 
equivalents, 10 

weights and measu 
114 


sion table and 


es, metrie system, 


Masticating mixer, 1550, 157: 
Material(s), accounting of, 2866 
balances, 722 
їп dilution problems, 724 
in distillation proble 
in lime kilns, 745 
in methanol converter, 736 


, storage of, 2282 
neous, specific gravities 
Чез of (table), 453 
heats of, 543. 

t of, 2103-2270 

of, 2292 у 


and 


paelcagini 

raw, production factors, 2 
movement of, 2190-2244 
storage, of, 2977 


storage of, 2276-2202 
Mathematical signs and symbols, 
Mathematical tables and weighs and 

mensure, 1 
Mathematics, 133-205 
Mathina, Cailletot and, law of, 620 
Mathieson Alkali high-pressure уну 
Maxecon mill, 1927 
Maxima and minima, caleylue, 218 
Maximum useful work or free energy 650 
Maximum work, 650 
Maxwell, definition of, 2641 
Mazda, lamps, lumen’ output of (tale 
2607 
Mead mill, 1915 
Meal, production by grinding 
Mean, geometrical, 142 

tarmonienl, 142 
Mean temperature difference, 9 
"Measure, linear, conversion 

equivalente, 106 
Measurement, of flow, 844 

of time, 124 

Measurement and 
pressures, 2186 
of process variables 


10 


table ва 


control, st hig 


METAL(S) 


Measures, 1 
Measures and weights of various systems. 
of different countries, 114 
English system, 112 
metric system, 113 
Mechanieal-draft cooling 
formance curves, 1114 
Mechanical filters, 186 


towers, per- 


Mechanical forse, on з current-carrying 
conductor, 2651 

Mechanical meter, 808. 

Mechanical separation, 1583-1884 


centrifuges, 1808-1849 
classification, 1580-1618 
crystallization, 1758-1807 


filtration, 1653 
froth flotation, 1732- 


jigging, 1721-1724 
magnetic separation, 1730-1732 
li 10-1757 


99-1721 
‚ 1744, 1745. 
sedimentation, 1019-1052 
tabling, 1724-1728 

kers, for screens, 1718 
піса of clarification, 1619 

1 sm of drying, 1486 
Medicinal carbons, as adsorbi 


18: 

Melting point(s), of alloys (table 
npounds (table), 31 

compounds (tub) 

Mensuration, geometry aud, 15 

Mercon pressure regulator, 203: 

Mercurie oxide, dissociation pressures of 
tific 


т 09 
of (table), 410 
, 2320 


(table), 409) 
Mercury, аге 

density 
switol 


‚ Vol-U-Mei 
‚2660 


kettles (п 


em), 1578, 


ап, 124 


scale of, 2049 


50 

, precipitation filter, 1807 

ress, 1066 

Mesh, of screens, 1609 

Metacenter, 777 

Metacloth, 1660 

Metal(s), and alloys, sampling of, 1755 
boiling pointe of (table), 312-907 
eveffigient of expansion of (table), 4 

Beient of exp (table), 481, 

olor of (table), 312-307 
corrosion resistant, 2090 
electrical conductivity of (table), 2643 
heat of fusion of (table), 496-504 
heat of vaporization of (table), 312-367 
melting points of (table), 312-807 
noble, und their alloys, 2148 
powders, produetion and application of, 


properties of, 2001-2149 

Марва to gonrasion, heat, and 
abrasion, physieal properties of 
(table), 2106 PUTEM 


999 


МЕТАЪ (8) 


"Metal(s) (continued) 
separation from oxides by pulverizing, 
1941 

specific gravities of (table), 

and densities of (table), 
specific heats of (table), 15-5: 
specific resistance of (table), 2643 
temperature resistance of (table), 2147 
thermal conductivity of (tables), 949, 


wire and sheet-metal gages, conv 
table and equivalents, 110 
Metal-adsorbent chars, 1277, 1321 
Metal-joint, cements, 045. 
Metallic filtering mediums, 1659 
Metallurgical flotation concentrates, filtra 
tion of, 1680 
Meter(s), area, 858 
area-type, 2046 
Bailey electrio manometer, 2043 
bellows, 865 
Bowser barreling, 
E е, 
phragm, 8б 
Шар S046 
Чу bs, SOF 
electri 
fow (а. utas 
Orifiees 
calorimetric, 


Anemometere; Nozzles; 


2047 
eel, 368 
integrating 
liquid barreling, 
liquid displacement, 2036. 
mechanical, 868 
mixture, 808 

nozzle, 842 
orifice, В 


uantity, 864 
Явуз, 2041 


sealing-orif 
thermal, 867 
Thomas, 2046 
turbine, 808, 2047 
vane, 868. 

849, 2044 
volumetrie, 2036 
watt-hour, 2084 


м 
wet gas, 865. 
Metering, by dilution, 867 


polyphase power, 2656 
Methane, compressibility 
(table), 491 
Tonle-Thomson effent of (table), 478 
Molliey diagram, 713 
solubility in water, 1127 
Methanol, freezing ‘and (Но points of 
(table), 2613 
as fuel, 2858 
Methyl alcohol, den 


ies of aqueous solu- 


freezing and flow points of (table), 2613 
specific heat of (table), 


38 


MIXER 


Methyl bromide, popertes of (table), 
2593 
Methyl chloride 
of (table), 4 
pressure-heat diag: 
le), 2570- 
Metric system, we&hts and meas 
table, 113 
Mho, definition of,2640, 
Mica, grinding of, 915, 
dry, 1058 
wet (table), 1 
power consumption of, 1954 
Michael reaetion 608 
его on of, 2640 


cenpressibility. factors 


for, properties of 


059 
‘ition f, 107, 1850 
Microniser, 1930 
Miera theory, and crystallization, 1707 
Migration of jadusries, 2840 
Mikro ренин 012 

definition о 
уче, p sire or, 1550 
кена, reduced on Premier 
setae), 1910 
Alio specific mill) 

к 


ш of (table), 1919 
ary, 1606 


ops 
= 1506 
tube, MO 
colt Dr mixing, 1557, 1565 
exhaustar, 2206 
mineria. binek, grinding of, 1 
пас ring of, 1973 
ОК prinding of. 1024, 
Тый, Ма 
od, ation cy TOS а 
Денег 5, grinding of, 10 
БОНЫ gravity and density of (table), 
ал 
x's ach, definition of, 118 


1027, 


м 
1 snd maxi oan 218 

Mi super dryer, 1505 

Мїаш to radians, conversion tables and 


„906 


М ts. separation of, 1850-1884 


Mixed accounts, 
Mixed acid, materials of construction for, 


eeding of evaporators, 1053 
lift, 1543, 1548, 1572 
arm, 1543-1546, 1573 
puger, 229: è 
ball or pebble mill, 1572, 1574 
blade, 1543-1546, 1573 

fan, 1553 
ре, 1543, 15 
1574 
62, 1572, 1974. 
for in, 1578, 1579 


1564 


vireulating, 1 
coefficient of heat tri 
colloid mill, 
continuous, 1859, 15 
for continuous mixing, 


1583, 1505, 1560, 


cooling of, 1581 
design of paddle, 
direct-fired, 1578, 1580 
double сове, 1556, 1574 


MIXER 


"Mixer (continued) 
double motion 1547, 1548, 1573 
dough, 1548-1550, 1573 
Dowtherm heated, 1578, 1580, 1581 
dryers, 1500 
edge runner, 15 
певају Rested, 18 
emulsifying, 1548 
film removal in heated, 1578, 1570 
fitting, to operation, 1560-1574 
flow, 1542, 1560, 1561 
for gas and liquid mixing, 1560-1561 
for gas mixing, 1560, 1561 
gate, 1546, 1573 
heut transter in, 1577-1582 
Негтвоћоћ, 1 
homogeni: 
horsesh 


, 1574 
78, 1580-1582 


Ч mirine 13011308 
for liquid and solid 
masticating, 1550, 157 
mereury-vapor-heato 
muller, 1 

mushroom 
nozzle, 1542. 
oil-heated, 1578, 1580. 
orifice column, 1542, 1563, 
for packaging equips 


xing, 1566-1572 
3 
, 1578, 1580 


for paste mixing 
for plaaties mix 
pony, 

portable propeller, 1551, 1563, 1564 
power input to paddle, 15 

Power required, for colloid mill, 1565 

for double cone 

for dough, 1530, 1578 
for homogenizer, 1565. 
for kneader, 1 


ator, 1573 


for paddle, 
for paste, 15 
for plastio, 155 
for propeller, 1561 
for tumbling, 1574 
for turbine, 1553, 1554 
power transmission to, 1574, 1575 
preferable types for heat transfer, 157: 
propeller, 1550, 1551, 1563, 1564, 15 
pui mill, 1552, 1574 
pump type, 1543, 1564 
putty chasér, 1509, 1573, 1 
Take, 1558, 1574. 
Reynolds number in design of, 1545, 
1546, 
ribbon, 1552, 1573, 1374 
roll, 1559, 1578, 1574 
rotating pan, 154 
1574. 
scrubbing, 1550, 1573, 1574 
side-entrance propeller, 1551, 15 
soap erutcher, 1552. 
for solids and gas mixing, 1674 


1547, 1559, 1573, 


MOISTURE 


Mixer (continued) 
for solids mixing, 1574 
Тог solvent extraction, 1256, 1257 
Syntron, 231. 
tower, 1543, 1 
traveling, 1546, 1507 
tumbling, 
tumbi 
turbine, 
turbulence 
turbo-disperser, 
turbo-gas absorb 


‚ 2317 
whipper, 1548 
Mixing, analysis of action in bread dough, 


continuou 

flow in, 12 

gases with gases, 1500, 1561 

immiscible liquids, 156 

liquids with gases, 156; 

liquids with liquids, 1001-1565 
th solids, 1500-15 


xtives of, 1529, 1080, 167 
pastes, 578 
Physical fagiorg їл, 1532 


1572, 1578. 
input vs, degree of, 1529, 1530, 
546 

to promote те: 
ate of flow in, 
rate of = 

rules gi 
stress in, 
transla 


HE 


Mixture(s), (scc alao МЫ 
apparent viscosity of, 15 
binary, phase diagrama 
consistency of, 15 


Mixing) 
38 


ty of, 016, 
fluidity of, 1538 
ав (xee Gus mixtures) 


homogeneous, 1531, 1532 
inverted plasticity of, 1583, 1535, 15 
1538 


law of, ideal gus, 616, 728 
iquid, binary, 677-679 
metering, 868 
plasticity of, 1582-1538. 
pseudoplastieity of, 1533-1536, 1538. 
relative gravity of ingredients, 1540, 
1567 
simple physical, 
specific gravity of, 15: 
specific volume of, 
thixotropy of, 
viseosity of, 
viscous, 1 
definit 


Mobilometer, Gardner, 1533, 1535, 1536, 
1538 

Model, solid, charts, 256 

Moh's scale of hardness, 128, 1889 

Moisture, critical, of various materials, 
1520 
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MOISTURE 


Moisture (continued) 
determination of, in 
fication circuits 
traps, in filtration, 1 
hygroscopic, 1514, 15 
Moisture-adsorption curves with notivated 


products in classi- 
table), 1018 


тв 


alumina, 13 
Mol, definition of, 615, 
fraction, 615 
use in caleulations, 716 
‘in material balances, 
gorreet use of, 723, 7 
incorrect use of, 722, 
Moti} volumes of gases at OPC and 1 stm, 


Molar quantities (see Mol) 
Molar volume, 128, 615 
Molding materials, plastic, makera of, 
trade names 160, 
powders, pulve 
screen analys 
sand, grinding of, 1917 
Molecular weight(s), average, 616 
of inorganic compounds, 312-367 
of organic compounds (table), 271-311 
Mollier diagram, 709 (see specific gas) 
for ammonia, 711 
for carbon dioxide, 711 
for ethylene, 712 


for water, 714 
Molybdenum, physical properties of, 212 


2 
ses, ВА. numbers and analyses, 
Moment of inertia of plane figuren, 775 
Monarch attrition mill, 19 
Monazito, grinding of, 1805. 
Monoclinlo system, 1 
Monoethanolamine solutions, solubility of 
CO, in, 1136 
Monorail systems, 2205-2297 
data nnd cost of (tables), 2290-2940 
Montan, wax, grinding of, 1077 
Moore, Leettomele furnnoe, 2804 
vacuum Alter, 1072 
Morse optical pyrometer, 2067 
Motion(s), Newton's law of, 772 
of particles, laws of, 1851 
Motór(s), alternating-current, 2712 
applications of, 2718 
brush-shifting, 2715 
compound-wound, 2711 
coat of, 2720 
able, 2 
direct- 
characteristics of, 2710 
full-lond current for (table), 2717 
induction, 2713 
condenser type, 2718 
peed, 2714. 
repulsion, 2716, 2717 
series, single-phase, 2716 
shunt, 2710 
gle-phase, 2715 
starting of single-phase, 2715 
synchronous, 2712 
Motor generators, for electroplating, 2769 
Motor valves, 20 
throttling type, 2025 
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NICKEL 


Movement and storage of materials; 218 
of gases and vapors, 2205 
of liquids, 2244 

Muller, 1908 
mixer, 1559, 1573, 1574 

Multiclone, 1865 

Multicomponent, 

tions, 1418 

systems and extraction, 1281 

Multi-pass heat exchangers, temperature 

ference in, 970 
Multiple-effect evaporation, 


fractionation caloula~ 


enleulations, 


principles, 1048 


effect of boiling: levation, 1050 


temperature distribution in, 1049 
Multiple screening, 170 
Multiplication, algebraic, 173 

arithmetic, 186 


of determinants, 188 | 
fractions, 137. 
graphical, 150 
logarithmic, 145 
slide-rule, 147 
joint controllers, 2061 
Multi-vane air separation, 1922 
Munitions, favorable hygroseopio condi- 
tions for, 1092 
plate efficiency, in distillation, 


Mushroom mixer, 1557, 1574 

Mustard, grinding of, 1002, 1970 
table, 1911 

Myrrh, grinding of, 1911 


2807 


evaporators, heat 


| convection, heat-transfer coeffi- 
cients, 979, 985' 
charts, 080, 086 
Natural-draft cooling towers, 1113 
Natural gas,—air mixtures, limits of 
inflammability, 2401 
analysis of, 2300 
compressibility at high pressures, 
аз fuel, 2361 


reforming, 2391 
n various parta of U.S., 2304 

ural logarithms, 36 

atural trigohometrie functions and 


logarithms, 38 
Needle mesh, of screens, 1699, 1700 
elson cell, 2795 
Nernst. equation, 2748. 
Nessler's solution in refrigeration, 2615 
Neutrodyne circuit, 2679 
Newhouse erushor, 1890 
Newton's approximation, 183 
Newton's law of motion, 772 
Nichrome ТУ, in electric heating, 2701 
Nickel, alloys (tables), 2124, 2137 
chloride, densities of aqueous solutiona 
of (table), 418 
-chromium steels, S.A.E, numbers and 
апађузек, 2145 
nitrate, densities of aqueous solutions 
of (table), 418 
electrolytic refining of, 


EC 


NICKEL 


Nickel (continued) 

pipe, 9 

plating of, 2773 

properties of, 2096, 2: 2139 

-silver alloys, physical properties of, 
2128, 2139 

steels, B.A.E, numbers and analyses, 
2145 


t 


neous solutions 


sulfate, densities of 
(table), 418. 
Nip, angle of, in erushing, 1897 
Nipples, standard, 925 
en stamp, performance data on, 1001 
trie, acid, by absorption of oxides of 
nitrogen, 1191 
densities of aqueous solutions of (table); 
419 


materials of construction for, 2100 
partial pressures of aqueous solu 
(table), 401 
Nitric oxide, coefficient for absorption of, 
1191 
solubility in water, 1127 
Nitrocellulose, "hygroscopio 
(graphs), 1080 
Nitrogen, compressibility 
(table), 480 
fixution of, 2815 
heat capacities of, 2407, 2412 
hydrogen mixtures, water-vapor eon- 
tents at high pressures, 302, 303 
peroxide, absorption of, 1190 
solubility in water, 1127, 1128 
іба heat of, 527 
gases, materials for handling, 
oxide, properties of (table), 2504 


ion 


moisture of 


factors of 


Nitrous oxide 
solubility in water, 1128 


Noble metals und alloys, 2148 
Non-ciroular orifices, 853 
Non-convergent series, 178 
Non-ferrous alloys (tables), 2124, 2137 
Non-ferrous metal pipe, 80) 
Non-isothermal reactions 
ics of, 697 _ 
Non-metallic minerals, grinding of, 1946, 
Non-metallic pipe, 907 2 
Non-uniform ducts, pressure loss in, 807 
Non-varinnt, system, 673, 675 
Noteh, circular, 86: 
inverted, 86 
semieiroular, 803 _ 
Nozzles (кее also Orifice) 
поситасу of, 857 
de Laval, 
flow, 2039 И 
location of, relative to fittings, 857 
meters, 
mixers, 1542 
spray, 1084-1003. 
materials of construction Гог, 1988 
applications of, 1993 
working formulas for, 847 
Numbers, cube root, 60 
cubes, 60 
fractional powers of, 54 
logarithms of, 4-place, 34 
G-pluce, 8 
reciprocals of, 51 
square roots, 60 
squares, 60 


treating kinet- 
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OPEN STEAM 


Numerical constants, 128 
values of, 620. 

Nutmeg, pulverization of (table), 1914 
juts, grinding of, 1909-1911 

utsche filter, 1668 


Nylon fabrie, in filtration, 1659 


Oblique triangles (trigonometric), 196, 


Obsolescence in cost, accounting, 2852 
Ocean transportation, 2840 
Occupational hazards and treatment, 2085 
Ochers, grinding of, 1910, 1950, 1951 
Octagon, in or about circle, 169 

in square, 169 
Oden size analysis, of cement, 1608 
Oderberg colloid mill, 1918 
Odors, elimination of, 1319 
Ohm, definition of, 2641 
Ohm's law, 2642 
Oil(s) burner, nozzles for, 1990 

burning as fuel, 2451 
for Diesel engines, 2466 
nsumption in U.B., 2343 
aking of, for gas manufacture, 2392 
decoloriring of, by adsorbenta, 1281- 


(curves), 1281, 1282, 1284, 1285 
films, thermal conductivity of, 2377 
ysis of (table), 23 
T. distillation of, 1461 


is of, 2305 
balance in 
(table), 2395, 

manufacture of, 2392 
material balance in (table), 2305. 
Pacifio Const methods, 2804 
heat transfer to, inside tubes (graph), 


978 
heated kettles, 1578, 1580, 
light, analysis of (table), 2871 
їп fuel gases, 2370 
reflux ratios in batch rectification of, 
56 
petroleum, thermal conductivity of, 
refinery gas, re-forming, 2391 
separators, centrifugal, 1830 
tar, as fuel, 2358 
wash, specific heat of, 2873. 
Oilless bearings, 2508 
Oleates, pulverisation of, 1077 
Olibanum, grinding of, 1902, 1976 
Oliver, filter, 1673 
precoat filter, 1678 
top-feed filter, 1680 
Oliver-Borden filter thickener, 1640 
Oliver-Robison filter, 1682 
Open channels, determination of level in, 


manufacture of 


hydraulic radius in, 807. 
Manning formula for, 813 

Open-eireuit grinding, 1003 
pen steam," 1387 


OPERATING COSTS 
Оре 


Operating difficulties in evaporation, 1071 
Optical pyrometers, 2067 
use for measuring flame radiation, 1021 
Optimum final temperature difference, in 
. condensers and coolers, 995 
їп heat exchangers, 994 
Optimum velocity in heat exchangers, 904 
Order of reaction, 685 
apparent, 690, 701 
determination 
Ore(s), drying of, in rotary dryers, 1504 
grinding of, 1904, 1924. 1946. 
Organic chemistry, outline of, 591 
Organic compounds, boiling points of, 
271-311 
densities of, 271-311, 450, 453 
electrolytic production of, 2768 
formulas of, 271-311 
hents of combustion of, 271 
latent heats of fusion of, 505- 
latent heats of vaporination of, 5 
melting points of, 271-311 
miscellaneous, solutions of, 


for rotary dryers (table), 


n 
109-514 


aqueous 
jS 


physical constants of, 271-311 

solubilities of, 271-311, 606 

vapor р! of, low, 377-383 
gh, 384-380 

Organi liquids, specific heats of (tables), 
529-536 

i» reactions, by namo, 607 


Organic solids, specifie heats of (table), 
Organic substances, hygroscopic relations 
of, 1091 


Orifices (see also Noszles) 
necuracy of, 857 
aution of, 2037 
column, 1542, 1563, 1504 
connections for, 2038 
discharge coefficients for, 2039 
vauations, for Вија flow, 2089 
formula for liquid flow, 844 
free discharge from, 854 
gas flow through, 84 
general principles of, 842 
Installation of, 2039 
location relative to fittings, 857 
meters, $42, 2040 


lature for formulas, 843 
in pipes, 851 
pressure drop neross, 824 
pressure loss from, 2040 
pulsating flow in, 858 
rounded, 857 
segmented, 858. 
sharp eded, 80 
вачате-еднед, 
theoretical formulas, 843 
types of, 2037 
Wnsubmerged, operation of, 850 
vena contracta of, 2038 

vorkiug formulis fur, S47 


1750 
Oscillating granulator, 1 


2087 
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PACKING(S) 


Oscillating series, algebra, 178 
Oscillators, 2680 
Oslo erystallizer, 1792 
Osmium, physical properties of, 2148 
Othmer method, 626, 641, 677 
for estimation of heats of solution, 
hydration, dissociation, 736 
for estimation of latent heats of fusion, 
736. 
for estimation of latent heats of vapori- 
sation, 641, 731, 788, 734 
for estimation of vapor pressures, 620 
Outage chart, for flammable liquids, 20; 


Output, power, of thermionic tube, 2679. 
о electric, 2699 
Over-all heat-iransfer coefficients, 097— 


terpretation of, 977 
Over-all plate efficiency, in distillation, 


bubble-enp, 1 
Over-all temperature difference, 909 
Overhead 2208 


Overlapping principle, and crystallization, 


oxygen, 27. 
Oxalic acid, densities of aque 
(table), 420 
rodurte of, 2708 

grinding of, 1951 
Oxygen, coefficient for desorption, 1186 

compressibility factors for, 495 
affect on corrosion, 2095 


‚412 
-hitrogen, vapor-liquid equilibrium rela- 
tions at constant pressure, 1869 


às solutions 


solubility in water, 1128 

Oyster shells, grinding oi, 1917, 1054 
Table, 1954 

Oxone, electrostatic production of, 2821 


Pacise Const 


gas methods, 2305 
2 (vee alao Packing) 
of materials, 2292 
purpose of, 2293 
Packed columna, 1445 
for extraction, 1259 
pressure drop through, 1448 | 
Packed towers, gas absorption in, 1181 
за mixers, 1543 
pressure drop in, 820 
Packed tubes, heat transfer to gases in, 


ЕЕ 
Risco, 2299 
screw, 2201. 
St. Regis, 2303 
valve, 2301 
Vibrox, 2317 
acking(s) (see also; Extraction, packed 
columns) 
Bridgman, 2185 
bulk, equipment, 


PACKING(S) 


Packing(s) (continued) 
for high pressures, 2184 
piston ring, 2185 
tower, characteristics of, 1447 

Paddle mixer, 1543—1546, 1503, 1567, 157 

Paint (s), classification of, standard curves 

fur, 1539 
grinding of, 1978 
spraying nozzles, 1989 

Painting, spray, 1980. 

Pak-Ive machine, 2023. 

Palladium, physical properties of, 21: 

2139, 2148 

Palladium-platinum, phys 

of, 2148 

Palmitates, pulverization of, 19 

Pan American jig, 1723 

Pan, conveyors, 2198, 

‘data on, 2: 
dryers, 1500 
mills, 1908 
mixer, 1550, 1578, 1574 

Paper(s), cutting of, 1916 
Чуку on, teat dita (table), 1507 
hygroscopic. moisture of (graphs), 1088 
pulp, filtration of, 1086 — 

Variation in dimensions with variation 
in relative humidity, 1088 

Pura red, grinding of, 191 

Parabola, analytical problems, 209 
area of, 101 
construction of, 171, 209-210 
interlaced, 288 
polar equation, 210 

Parabolic curves, graphs о 

Parab f revolution, volun 


cal properties 


з 


Paratlin(s), Cox chart of, 1844 
gases, specific heats of, 1351 
Куйгосагропв, properties of (table) 


3 


Parallel circuits, electrical, 
magnetie, 2048 
arallel current condenser, 1073 


Parallelogram, 
Parks-Cramer humidity con 
Partial condensation, 1341 
Partial differential equat 
Partial mola) properties, 
Partially miscible compo 
Partiole(e), minimum size 
1850 
size, effect in filtration, 1656 
4 füctor in mixing, 
rtition, law of, 682 
rascals principle, 77 
Paschen's law, 2601 
ivity, 2754 
Paste(s), grinding of, 1920 
mixing, 1572-1673 
Patterson, gyrocentrie crusher, 1901 
pebble mill, 1980 
(tablo), 1981 
Pulling process, 2821 
Paulson acid tower, 1207 


Mer, 2073 


nta, 1379 
, collectible, 


PHASE 


grinding of (table), 1911 
Peat, ва fuel, 2341 
Pebble mills, 1572, 1574, 1902, 1980 
in ceramic industries, 1980 
operating data for, 1902 
Penetration, rate of, from corrosion tests, 
2004 
Pennsylvania hammer milla, 1915 
construction in circle, 168 
ommercial, properties of, 2383 
heat of vaporization of, 2383 
specific heat of, 2383 
epper, grinding of, 1976 
(table), 1926 
Percentage humidity, definition of, 1088 
уе, 1083 
Percentage method, balance- 
Perchloric acid, dens 
ions of (table), 
lation planta, 1285-128: 
lorated plates, plate efficie 


eet analys 


' of aqueous solu- 


су of, 1442 


Perfor of Cottrell precipitators, 
1876, 18 ds 
curves of mechanical draft cooling 


towers, 1114 


Permeability, magnetic, 
mathemat 
Perpendiculars, geometri 
165 
Petit, Dulong and, law of, 636 
Petroleum, coke, fuel, 2040 
grinding of, 1071. 
1457 ۳ 
ntinuous equilibrium vapor- 
ization of, 1899 У 
t contents of, 1346 
olar entropies of, 1346 
molecular weights of, 1350 
gases, ав fuels, 2361 
heaters, heat transfer in, 1020. 
oils, liquid, specific heats of, 1351 
l conductivity of (table). 058 
ресібс heats of, 1351 
filtration of, 1689 


nition of, 2641 
al, 142 
sal construction, 


ining of, by adsorption, 13 
specific gravity aud density of, 42 
tars, characteristics of, 2875 
vapors, specific heats of, 1351 
pH, effect of, on decolorizing solutions, 
1303 
measurement of, 2763 
with electrodes, 573 
Phanotron tube, 2684 
Pharmaceuticals, grinding of, 1976. 
Pharo pulverizer, as fiberiser, 10 
Phase, definition of, 672 
disgram(s), 673 


effect of temperature, 1224 


РНАЗЕ 


Phase, diagram(s) (continued) 
temperature-composition 
miscible liquids, 678 
types of, 1223 
for water, 674 


for partly 


equilibrium, in condensed systems, 
1220-1232 
rule, 672 


applications of, 673-675 
in distillation, 1374-1380 
Phenol, materials of construction fo 
plasties, properties of (table). 
Phosphates, acid, grinding of, 1055 
cleaning and concentrating, 1940, 1042 
monocalcium, grinding of, 1939 
pulverizing of, 
rock, pulverization of (table), 18 
1926, 1928, 1955 
Phomphatio ` granules, 


103 


concentration of, 


925 
Phosphor bronzes (ste Bronzes) 
Phosphoric acid, continuous counter- 


of, 1647 
olutions of (table), 


current decantati 
densities of aqueous s 


filtration of, 1691 
vapor pressures over aqueous solutions, 
397 
Phosphorus, production of, 2814 


Photoelectr 


Photoelectr 
Photoelectric optical py ‚ 2008. 
Photoelectric tube: istios, 2652 
Photoelectricity, 2 


Photosensitive cells, 2087 
Physical and chemical data, 207-50. 
Physical and chemical principles, 611-7 
Physical constants, of organ) 
pounds (tablos), 271-311 


0 


inorganic compounds (tables) 
Physics, theoretical, dimensional an 
Pi, 130 


„theorem, 242 
Pie charts, 204 
Piezoeleetricity, 2651, 2653 
Piezometer, opening, 834 

rings, 83 

taps, specifications for, 835 
Pig iron, production of Ú.S., 2837 

sampling of, 1755 
Pigments, filtration of, 1601 

grinding of, 1929, 1933, 1950, 197 


mixing of, 1920 
cleaning of, 1950 

particle size of, 1850, 

grinding of, 


enpacity of, 2280 
Pine chips, grinding of, 1914 
Pintsch gas, as fuel, 2362 
Pipe, 809 

aluminum, 895 

Asbestos cement, 907 

bimetallic, 906 

brass, 905 

bronze, 902 

carbon, 909 

cust iron, 880 

cement-lined, 910 


PLANIMETER 
Pipe (continued) 
cements and solders, 044. 
chemical ware, 910 


concrete, 9 


cost of, 815 

diameter, economio (chart), 817 

Duriron, 894 

economie diameter, 8 

electrical precipitator, 1870, 1871 

ferrous, 869 

fittings, 860 

flow in, 803 
alignment chart 
flow chart, 805 

friction in, alignment chart, 805. 

glass, 913 


east iron, 881 
lead, 902 
1, 908: 


nipple 
non-ferrous, 805 
non-metallic, 007 
plastic, 916 
porcelain, 919 
rubber, hard, 920 
rubber-lined, 020 
silica, fused, 021 
Stainless, 878 
standards, 870 


unusual cross sections, 818 
volumes, 118 


wrought steel, 872 
Piping pumps, for 
Piping syste 
Piston compressors, reciprocating, 2 
Piston meters, 808, 2096 
Piston-ring packing, 2185. 

Pit-east cast-iron pipe (tables), 884 

Pitch, pulverizing ol, 197 

Pitometer, 888 

Pitot tubes, 836, 2045 

Pivoted motor-base drive, 2516 

Plait point, 1222 

Planck's law, 1003 

Plane geometry, theorems, 154 

Plane ‘surfaces,’ heat tranafer to 
flowing along, 984 

Planetary gear reducers, 2514 

Planimeter, Ainsler's polar, 234 


fluids 
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PLANT LOCATION 


Plant location, 2831-2840 
chemical, 2833 
chemical industries and, 2836 
factors of, 2883 — 
migration of industries, 2840 
Weber on, 283: 

Plastic(s), definition of, 788 
materials, grinding of, 1916 
mixing, 1572, 1578. 
molding materials, manufacturers of, 


2160 
pipe, 916 
Plasticity of mixtures, 1542-1538. 
Plastico-viscous solid, definition, 788 
Plate(s), nir preheaters, 2447 


calculations, for multicomponent mix- 
tures, 1413-1435 
columns for gas absorption, 1207 
efficiency, of bubble-cap plates, 1436- 
1440 
effect of entrainment on, 1439 
effect of nature of mixture on, 1440 
ranges of, for design, 1441 
in rectification of ethanol-water, 1441 
values of, 1446 
of perforated plates, 1442 
precipitator, 1869, 1870, 1871 
and properties of mixture, 1440 
solid, heating and cooling of, 965 
spacings, in distillation, 1451 
valve, 2184 
Plate-and-frame filter presses, 1665 
Platen-Munters continuous absorp! 
refrigeration system, 2545 
Platform conyeyors, 2198, 2223 
data on, 2230 
Platform elevators, 2204, 2241, 2242 
portuble, 2241 ту 
Platform(s), scale, aet Weight," 2301 
skid, 2208, 2241 2 
Platinum, нен, properties of, 2128, 


old-platinum) 
m alloys, physical properties of, 
127, 2139, 21 ы 
-palladium (see Palladium-platinum) 
-rhodium, physical properties of, 2128, 
2140, 2148 
Plauson colloid mill, 1917 
Plunger feeder, 2288 
Pneumatic conveyors, 2201, 2230 
Pneumatic ojectors, 2263 
Pueumatios, 772 
Podbielniale apparatus, 1470 
Point, of compression, 1020 
gage, 787 
Poise, 1533. 
definition of, 789 
Poison, hazards of, in handling materinls, 
2212 
Poisoning, antidotes for (table), 2086 
treatment for, 2033 4 
Poisson's ratio, in designs for high pres- 
sures, 2171 
Polar coordinate(s), 205 
graph paper, 253 
Polar planimeter, Amsler's, 234 
Polarisation, of electric current, 2750 
Polygon, construction, 169, 170 
spherical, 162 
spherical excess of, 163 


POWER(S) 


Polyhedral angle, 159 
Polyphase systema, electric, 2647, 2048 
Ponds, spray, 1108, 1115 
cooling curves for, 1116 
Pony mixer, 1547, 1573 
Porcelain pipe, 919 
Porphyry, grinding of, 1895 
Ports preperation, MAKAS 
'ortland cement, data on (table), 2152 
Pot mill, 1908 oe 
Potassium, bicarbonate, densities 
aqueous solutions of (table), 421 
bromide, densities of aqueous solutions 
of (table), 421 
csrbonate-bicarbonate equilibrium 
(table), 2624 
densities of aqueous solutions of 
(table), 422 
chlorate, densities of aqueous solutions 
of (table), 422 
chloride, densi 


es of nqueous solutions 

of (table), 422 

specific heat of (table), 587. 

chromate, densities of aqueous solutions 
of (table), 4: 

chrome-alum densities of aqueous solu- 

. tions of (table), 423 

dichromate, densities of aqueous solu- 

<. tions of (table), 423 

dihydrogen phosphate, disso 
sures of (table 

on pressures of (table), 400 

im constant for (table), 400 

dissociation pressures of 
(table), 400. 

hydroxide, densities of aqueous aolu- 
tions of (table), 42 

,Specifio heats of, 587 ; 

nitrate, densities of aqueous solutions 
of (table), 423 


sulfate, densities of aqueous solutions of 
table 
sulfite, ¢ of aqueous solutions of 


(table), 424 S 
Potato starch, pulverising of (tablo), 1945 
Potential, difference, definition of, 2640 
minimum sparking (tuble), 2662 
ntiometers, electric, 2656 
instruments, 2065, 2074 
Pour points of oils, 2345, 2346 
Powders, face, production of, 1931 
metal, production: and application of, 
2003-2007 
Power(s), algebraic, 175 
by logarithms, 145 
by slide rule, 150, 152 —. 
in alternating-Gurrent circuit, 2688 
for colloid mill mixer, 1568 
conversion table and equivalenta, 101 
costs of, electric, 2600, 2828. 
for individual products, 2829 
in various places, 2820 
in direct-current circuit, 2643 
for double cone mixer, 1557, 1874 
for dough mixer, 1550, 1573. 
electric, consumption of, control of, 2084 
Costs of, 2690, 2828 
definition of, 2641 
measurement of, 2084 
for electrical precipitator, 1874 
for electrochemical processes, 2827 


POWER(S) 
Power(s) (continued) 
factor, electrie, 2084 


definition of, 2646 
from wattmeter readings, 2656 
fractional, of numbers, 54 
generation of, 2431-2493 
for high-pressure compressors, 2184 
for homogenizer mixer, 1565 
input vs. degree of mixing, 
1546 
for knender mixer, 1550, 15 
for liquid mixer, 1562 
for mastientor mixer, 1578. 
mechanical transmission of, 2494-2524 
for mushroom mixer, 1574 
for paddle mixer, 1544-1546, 1560. 
for paste mixer, 1550, 
plant-location factor 
plants, auxiliaries for, 2480 


1529, 1530, 


3 


in, 2485 
‘iter heaters in, 2483 
heat-balance diagrams, 2471 
ис costa of, 2490 
nts used in, 2478 
piping in, 2477 
expansion of, 2478 
size of, 2477 
steam and water velocities in, 2477 
power for uuxiliaries, 2486 
480 


for plasti 
jolyphase, 2648 

for propeller mixer, 1561 
temperature of steam in generation of, 


pen 
huir belt 
leather belting i 
lubrieation of equi 

chanical, 2494 


rubber belting in, 
shafting in, 2610 
stitched canvas belting in, 
vari mech: 
for tumbling mixer, 1574 | 
for turbine mixer, 1r 
Poynting relation, 392 
Precious-metal alloys, 2148 
Precipitation, of colloidal substances, by 
adsorbents, 1275 
electrival, 186; 
Precipitro: 
Prelieatere, 
Premier colloid mill, 1918. 
performance data of, 1919 
Pressure(s), absolute, definition of, 772 
additive, 619 
‘use of, in humidity problems, 720. 
automatic control of, 2032 
average statio, 835 
barometric, 782 
bearing, 2509 
сајеша ова, 755-769 
venter of, 774 
collapsing, eslenlation of, 2173 


PRESSURE(S) 


Pressure(s) (continued) 
constant, temperatnre-eomposition din- 


controller 
сопу 
тіс 


different 


jon (tables), 408-409 
through | activated 
(curves), 
through activated carbon 
1314 

across baffles, 828. 

bends, 824 

contraction, 822 

cost ої, 815 


alumina 


(ourves 


curved pipe, 8: 
across  cyeloi and  gas-volume 
capacity, 1861 


and collection efficiency, 1862 
diaphragms, 824 
severing duct 872 
enlargement, 821 
entrance, 822 

xila, 
expansion, 821 
fittings, 83: 
granular solids, 828, 1314, 1324 
heat exchangers, 89i 
meas t at high pressures, 2100 
miscellaneous, 820 
orifices, 82 
packed towers, 820 
pipe fittings, 824 
in refrigeration, 2015 
and slot openings in 

columns, 1454 
smooth bends, 825 
through tower packing, 1204 
cross tube banks, 

effect of, on boiling point, 624 
on enthalpy (curves), 1352 
on equilibrium, 664, 750, 751 
xternnl, on vapor pressure, 
а filtration, 1656 
spor equilibrium relations, 


distillation 


оп liquid. 


у of liquids, 677 


on solubility of solid in liquid, 679 

on solute distribution between liquid 
phases, 685 

on specific heat of nitrogen, 527 


head of fluid, 778 
ise, 2190-9. 


joints, 2173-2176, 2180 
local static, 834 
loss (see also Pressure, drop) 

by fluid friction, gases, 807 

by friotion, alignment chart, 805 

in flow, 803 

measurement of, 780, 2186 
normal, 774. 
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PRESSURE(S) 


Pressure(s) (continued) 
nozzles, 1985 
applications of, 1993 
discharge rates of, 1988 
materials of construction fo 
partial, 619 
use of, in humidity problems, 720 
pumps, in filtration, 1694 
recovery, following orifices, 
resultant, 7 
772, 
in power generation, 2432 
still gus, analysis of, 2365 
tap(s), location of, 851 
size of, 836 
-temperature diagram, 706 
vapor, of commercial acids, 394-403 
of inorganic compounds, 368-376 
of organic compounds, 377-389. 
variation with position in fluid, 772 
vessels, wall thickness of, 2169 
-volume diagram, 704 
-volume vs. pressure diagram, 705 
volume-temperature diagram, 704 
ices, of stainless steels, 2141 
me movers, 2454 
ming in steam boilers, 2453 
Printing, favorable hygroscopic conditions 
for, 1092 
Printing inks, grin 
Prism, surface area 
volume of, 162 
Prismoidal formu 
volume, 164 
Probability, charts, 254, 2 
arves, 214 
Problem solution: 
715 
осона, costa, 2860. 


1988 


ntegration, 164, 


general considerations, 


'ersihlo, 644. 
variables, measurement and control of, 
2009-2089 


Producer 


ysis of, 2365, 2366 


аа fuel, 24 
manufacture, 2386 
Product, costa, 2871 


Production, nceounting, 2800. 


control, cost. не ng, 2858. 
of coke, їп U.S., 2838 
of salt їп U.S., 2837 


unit costs, in Ù 
Produetive ‘operat 
2a 


та bookkeeping of, 


Pro 
Profit and loss « 
analysis, 2840 
Progression, arithmetical, 141 
geometrical, 141 
Proofreader's signe, 1 
Propagation of flame, e 
speed of, 2404 
Propane(s), commercial, analysis of, 2366 
heat of vaporization of, 2383 
properties of, 2: 
heat of 
thermodynamic proj of (table), 
2580 
Propeller . 1551, 1563, 1564, 1567 
fans, 2266, 2268 
Properties, partial molal, 658 


lement, 2846 


weking of, 2405 


PUMP(S) 


Property accounting, 2850 
Propionic acid, materials of construction 
for, 2099 
Proportioneers, Ine., feeder, 2201 
Proportioning, 2051 
in continuon 
of materials, 


рана 

Ргору! alcohol, specific heat of, 538. 
(n), densities of aqueous solutions of 

(table), 440 

Propylene, solubility in water, 1 

Protractor, 189 

Proximate analysis of coal, 2329, 2330 

Prussian, blue, grinding of (table), 1979 

plasticity, 1589-1680, 1608 


sling, 

Psychrometric charts, 1084, 1085 
example of uee ог, 1086 

Pug mill, 1 

Pulley(s), casi-iron, 2505 
diameters of. for wire hooks, 2503 
guards for, 2 


in power transmission, 
relative charaeteristics 
selectio 


507 
of, 2507 


‚ in filtration, 1684 

of subsidence of (table), 1620 
filtration of, 1686. 

res requirements of (table), 


та, 1505 


50 
radiation from flames of, 10; 

Pulverizer(s), automatic, 102: 
‘of Babcock, 1030 


PST S 


of Imp, 1924. 
industrial applications of, 1942 
Jay Bee, 1914. 

Jeffrey swing-hammer, 1913 


Operating resulta with (table), 1940 
Raymond sereen, 1915, 1916 

selection of (table), 1940 

types of, 1890 

unit, for. conl, capacity vs, moisture vs, 


о асіну, 2837, 2338 

variatio product's: fineness with, 
1939 

Pulverizing (see also Grinding) 


cost of prodneing different surface areas, 
1060 


crushing, and grinding, 1885-1981 
and drying by spray dryers, 1400. 
theory of, 1888-1880, 1897 
treatment of materials before, 1940. 
of various materials (wee  aperific 
materials) 
Pumice, granulation of, 1949 
Pump(s), boiler-feed, 2484 
centrifugal, 2245 
ball-bearing (table), 2250 
belt-driven (table), 2249 
chemical, 2251 


PUMP(S) 


Pump(s), centrifugal (continued) 
performance curves of, 2484 
special types, 2250 
for centrifuges, 1827 
chemical stoneware, 2251 
condensate, 2485 

leep-well, 
diaphragee, 
displacement, 2202 
Dorrco pressure, 1634 
evaporator, 1072 

air, 1074 

for Bltrates, 1096 
hard-rubber, 2251 
Hardinge diaphragm, 1633 
high-pressure, 2183 
Humphrey gas, 2283 
jet, 2263 
in moving of liquids, 22: 
multistage, 2247 
piping, for oils, 23 
piston, data on 
plunger (tables), 
pressure, for filters, 1604 
propeller 
reciprocating, 2 

data nnd costs of, 2 

types of, 2254 
rotary, 2257 

daia on, 2259 

tage volute, 2246 

ds, 2202 

special alloy 

steam, 2258, 


metal, 2251 
1256, 2255 


је mixer, 1543, 1564. 
r filters, 1695 


Purchase invoice book, 284 
Purges, for orifice meters, 
centrifugal, 1808 
; curve of, 214 
Pusher-bar conyeyors, 2199 
Putty chaser, 1559, 1573, 1574 
Pyramid, nre and volume of, 162 
spherical, 103. 
Pyrator, 1903 
Pyrothrum flowers, pulverization of, 1926, 
1975 
Pyrite, grinding of, 1805 
Pyro pyrometer, 2069 
Pyrolusite, grinding of, 1 
Pyromaster, 2060 
Pyrometers, Bi-optical, 2008 
controlling, 
electric, 27 


‚ 2068 
points for standardization of, 

2007 

Morse, 2067 

optical, 2007 


fixed. 


trie, 2068 


photoel 


'yro, 2060. 
radiation, 2068 
fhermoelectrio, 2002 
Thwing, 2068. 
Wanner, 2068 
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Quadrant, definition, 162, 189 
Quadratic equations, algebra, 180 
Quadrilateral, 157 
Quaker City iiile. 1911 
Qualitative analysis, 575 
Quantities, шайы Gee Mal) 
Quartering, in sampling, 1740 
Quartic equations, 182 
Quartz, fused, equipment, 2151 
production of, 2814 
granulation of, 1040 
Erinding of (table), 1895, 1907 
Specie heat of, 548 
window, for high pressures, 2180 
Quassia, pulverization of (able), 1926 
Quicklime, grinding of, operating data, 
1900 


Quinhydrone electrode, 572 


R, gas constant, 128 
Radian(s), 189 
to degrees and minutes, conversion 
table and equivalenta, 9б, 98 
Rsdisnt-heat transmission, 1002-1029 
Radiation, coeficients of heat transfer, 
983 
тош clouds of particles, 1020 
definition of, 948 
from gases, 1016-1019 
from non-luminous gases, 1014 
pyrometers, 2 
rom surroundings, in drying, 1481 
Radiator, perfect, 1003: 
Radius, determination of, without center, 
108 
hydraulic, 799 
mean hydraulic, definition, 700 
taps, 852 5 
Railway (а), freight divider lines, 2839 
industrial, 2209, 2243 
Rake mixer, 1958, 1574 
Ramsay and Young rule, 626 
Ranarex gas-density recorder, 2071 
Raoult's law, 675, 1358-1354 
deviations from, 675 
Raschig rings, 1202 
carbon, 1203 
porcelain, 1205 
(в), of absorption, of gases in 
1168 — 
depreciation, 
2853 
‘of extraction, 1247 
of flow, in mixing, 15: 
of shear, in mixing, 1 
Ratio, algebraic, 174 
of heat capacity at constant pressure to 
that at constant volume, 033 
method, balance-shoet analysis, 2849 
test for convergence, 179 
Rational analysis of coal, 2382 
Raw materials, and plant location, 2833 
surveys of, 2838. 
Ray pressure snubber, 2085 
Rayleigh, equation, and distillation, 1382 
problem of heat transfer, 246 
Raymond, hammer mills, capaci 
grinding coal, 1966, 1967, 1971 
Imp pulverizer, 1925 


aids, 


cal equipment, 


of ol 


1535-1538. 
, 1535-1548 


in 


RAYMOND 


Raymond (continued) 
roller mill, 1929. 
capacity of, 1967 
sereen pulverizer, 1915, 1916 
Rayon (viscose), hygroscopic moisture of 
(graphs), 1089 
drying of, 1512 
nitrocellulose, hygroscopic moisture of 
(graphs), 1089 
Reactance, of circuit (table), 2680 
electric, definition of, 2641 
Reactions, apparent order of, 690 
consecutive, 601 
conventions, 787 
determination of order of, 698 
equation for rate of, 684 
first-order, 685 
as, contact catalytic, 702 
ests of, at speeiâpd temperatures, 742 
from heats of combustion, 739 
from heats of formation, 738 
heterogeneous, kinetics of, 700 
higher order, 689 
geneous, kinetica of, 684 
kinetics of, general, 684 
non-isothermal, rates of, 607 
order of, 685 
organie, by name, 607 
reduction (table), 2749 
reversible, 601 
nd-order, 687 
ide, 691 
simultaneous, 691 
illustrative cases of, 693 
standard heats of, 737 
Temperature effect on velocity of, 690 
turbine, 2470 
velocity, constant, specific, 684 
of contact catalytic gas reactions, 702 
effect of temperature on, 600 
equations for consecutive reactions, 
604. 
‘equations for first-order reactions, at 
constant pressure, 686. 
at constant volume, 685 
equations for reversible reactions, 003 
equations for second-order reactions, 
at constant preseure, 688. 
at constant volume, 687 
in flow systema, 686, 680, 695, 702 
general equations for, 684 
terogeneous systems, 700 
non-isothermal cases, 697 
orders of, 685 
determination of, 608. 
simultaneous, 691, 693 
of solids with dissolved substance 
701 
vessels, high-pressure, design of, 2181 
wall thickness of, 2169 
Reactivation of activated alumina, 1325 
‘of magnesia, 1335 
Reactive valt-amperes, 2642 © 
Reagents, for controlling humidity, 1118 
drying of gases by, 1522 
feeders, 2290 
Real gases, variation of energy and heat 
‘content with pressure or volume, 642 
Real solutions, 658. 
Reboil heat, in distillation, 1404 
Receivables in bookkeeping, 2844 


REDLER CONVEYORS 


Reciprocals, of numbers, 51 
‘by slide rule, 149 
Reciprocating compressors, 2487 
Reciprocating-plate feeder, 2288 
Recorder(s), 2017 
auxiliaries, 204: 
Bristol wide chs: 
charts for, 2 


electric, of time, 2087 
Hays carbon dioxide, 
Lux density, 2071 
mechanism of, 2017. 
pens and styluses for, 2018 
Ranarex density, 2071 
Recover; i 
Rectangle, cirele constru! 
lengths and area of, 156 
Rectangular passages, velocity: travirso, 
839 
Rectangular tanks, volumes, 118, 119 
Rectification, application, MoCahe- 
‘Thiele method, 1412 
batch, 1443 
continuous, 1401-1443 
completeness of separation in, 1401 
heat balance in, 1403 
principles of, in bubble-plate towers, 


definition, 1840, 1401 
‘effect of thermal condition of 166, 1408 


ion around, 168 


Gilliland „correlation for plates m 
function of reflux ratio, 
heat balances in, 1408, 1404. 


of light oil, reflux ratios during, 1444 
liquid. equilibrium in, 1406 
MeCab: le graphical method, 1407 
material balances in, 1404 

minimum plates at total reflux Гог 

multicomponents, 1414 

minimum reflux for binaries, 1408. 
minimum reflux ratio for multicom- 


condition of feed, 1411 


multicomponent column exloulation, 
nomenclature, 1403 
number of plates required in, 1444 
plate calculations for multicomponent, 
1413 
plate efficiency in, 1436, 1440-1442 
reflux ratio and feed preheat, 1411 
simplifying assumptions, 1405 
stabilization of pressure distillate, 1418 
total refitix for binaries, 1407 
Rectifier(s), 2083 
copper oxide, 2684 
electrolytic, 2751 
filters for, 2685. 
mercury Are, 2683, 2709 
point-to-plate, 2684 
polyphase, 2683 
Rectifying columns, types of, 1840, 1444 
Rectifying towers, types of, 1444 
Rectigon tube, 2684. 
Rectilinear diameter, law of, 622 
Red brass (see Brass) 
Redler conveyors, 2200, 2235 
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Reduetion(s), materials of constructions 
for, 2103. 
potentials, 2748 
products of, 2768 
reactions, 27. 
units, gear, 2513 
Redwond, viscometer of, 
Reentrant short 
Refineries, К 
inery gas, analy: 
Refining, electrolyt 
trolytic refining) 
Reflectors for electric lamps (table), 
Roflux, definition of, 1340 
prae 
ratio, 
in bat tion of light oil, 1444 
supply, 1456. 
total, and extraction, 1241 
Reformataky reaction, 008 
formed gas, analysis of, 23 
ns fuel, 2362 
Re-forming natural gas and oil refinery 


› 3760 (ste also Elec- 


194 


, 1218, 1230. 


gas, 2391 

Refra з by, 2079 

Refractor fusion ‘temperatures of 
(table), 470. 


manufaetûrers of, 21 
physical properties oí 
Refrigerants (sce Hogan 
Retrigerant( 
quirement 
Electrolux, 2545 
freezing points of, 2560 
heat transfer requirements of, 
lubrication of, 2 
thermodynaraie prc 
‘routon's law and, 2: 
vapor-compression, 2 
vapor pressures of, 2548 
Ref ing machine, 648. 
Retrigerating systems, 
also Refrigerants; Relri 
absorption, 25; 
Eleetroh 
heat balance 
‚ machines, intermittent, 2546 
гу cyeles, 2586, 26; 
pression systems, 2527, 2520-254, 
compressors, capacities, "2539, 2040, 
2619 
rifugul, 2537 


dual compression, 2533 
efficiency, 2530. 
evaporators, 2; 
horsepower, 2530-2532, 
indicator curds, 2533 
lubricants, 2537, 2530 
multi-stage compressi 
performance coefficients, 2530 
split-stage compression, 2536 
standar 28. 

steam jets, 2538 | 
volumetric efficiene: 3 

wet compression, 2 
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REFRIGERATION 


Refrigeration, 2: 
absorption іп, 
continuous, 

intern 
machine, performance with different 
condenser and sures 
(tables), 2: 
adsorption їй, 
for air-conditioning systema, 1100 
Ammonis absorption machine, data on 

(table), 2540 

ammonia required for (table), 2539 

а pressure in (table), 


brine piping for, 2603 

brines in, 2012 

thermal conductivities of (table), 
2617 

capacities of vertical single-acting 


machines for (tabl 
centrifugal, with “Frec 
chemical, 2626 

compressors for, 2531-2 
condenser water used per ton of (table), 


2540 
1," 1100 


ammonia, heat transfer in, 2508 
atmospherie, 2596 
corrosion in, 
double-pipe, 
horizontal multipass, 2507 
performances of (table), 2600 
shell-and-tube, 2807 
submerged- 
types of, 25 
continuous absorption systems for, test 
ilts (table), 2543 
cooling systema in, 2001-2022 
brine piping in, 2001 
direot-evaporation, 2601 
evaporation coils in, 2601 
‘ells in, 2001 
oil type, 
sults with (tà 


definitions, 2 
dense-air ma chine, 2528 
sion, 2584. 

evaporation coils for, 2601 

expansion coils for, 2001. 

heat of solution of ammonia for (table), 


heat-pump principle in, 2 
heat transfer and, 2508, 
industrial, favorable 


‘conditions for, 


ulation values of building material 
and, 2605-2807 
manufacture of solid carbon dioxide by, 
by multiple-stage compression, 2535 
natural, 2618 
Nessler's solution in, 2615 
pipe lines, 2604 
piping in storage in, 2606 
reciprocating, with aminonia, 1100 
with carbon dioxide, 1100 
h " Freon-12," 1100 


REFRIGERATION 


Refrigeration, reciprocating (continued) 
with methyl chloride, 1100 
refrigerants used in, 2547 
small-scale, 2616. 
by aplit-stage compression, 2 
steam jets in, 2538 
thermal conductivity for (table), 954 
units of, 2528 
uses of, 2038 | 
by vapor compression, 2520 
vapor pressure of aqua ammonia in 
(table), 2544 
water-vapor pressures above 
‘ammonia in (table), 2544 
by wet compression, 25 
enerative air preheaters, 2447 
Regenerator, of heat, heat transfer in, 967 
Regulators, feed, for centrifuges, 1829 
Reimer-Tiemann reaction, 600 
Relative heat content, total, 736 
Relative volatility, 1380 
Relay devices, mechanical, 2022 
Relays, holding-contact, 202 
on-and-off, 2022 
Slectrical, 2041 
‚ 2649 
dication, 


aqua 


of process: variables, 
(see also T elemetering methods) 
f furnace, 2807 | 
s and maintenance in o 
ing, 2856 
Reports and report writing, 
Republic, eleetrio manometer, 
ring manometers, 2041 
meters, 2041 
Repulper, Darreo, 10 
Reserve nccounte, 2843 
Resins, grinding of, 1917, 1976 
synthetic, 2160, 2162 
Resistance(s) (яде alao Rheostats) 
‘conductors and, electric (table), 2043 
effective, 264: 
electric, definition of, 2640, 2042 
furnaces, 2698 — 
plate, of thermioni 
specie, definition of, 
of spheres in liquids, 1852. 
to temperature, of high chrome steels, 
D 
of wire (table), 2680 
Resistivity, electric, definition of, 2640 
Resonance, electric, 2646 
Respiration, artificial, 2934 
protective devices, 2019 
Retentivity-sotivity relations of carbons, 
300 
‘ible process, 644 
ification, of bone char, 1206 
of fuller's earth, 1289 
Revolving plate feeder, 2287 
Reynolds criterion, 818 
nolds number, defini 
n of mixers, 154 
Rhe, definition of, 791. 
Rheostata, carbon, 2685 
mid, 2685 
slide-wire, 2685 
‘water-cooled, 2685 
Rhodio platinum, physical properties of. 
2128, 2140, 2148 
Rhodium, physical properties of, 2149 


tube, 2664 
40 


tion of, 799 
5, 1546 
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Rhombus, 156 
Ribbon, area of, 160 
піхег, 1522, 1573, 1574 
Richardson, conveyometer, 2300 
Conveyoweigh, 2051 
ew feed bulk weighing scale, 


2296 

dustproof sacking scale, 2297 

sacking scale, 2295 

seale and Riseo packer, 22 
idles, 1714 

x disintegrator, 1917 

Right spherical triangles, 199 

Rigidity, definition of, 788 

Riley atiritor, 1917, 16 

Ring, crushers, 1915 
joint, for large tubes, 2175 
packings, pressure drop in, 881 
Diezometer, 836 
roll mills, 1 

Risco pac! 
horizontal, 23 

Rittinger’s law, 1889 

River transportation, 2840 

attrition mills, 1011 


otrie раки 1871 
1108 


quired by, 1943 
operating characteristics for, 1043 
ricle-sise analyser, 1720 
spirala, 2202 
Rolling-mill oil, and. 
Rolls, 1559, 1573, 1574 | 
compression, in filtration, 1008 
crushing, 1888 
Root(s), algebraic, 175 
arithmetical, 138, 140 
150 


slide-rule, 14: 
complex 
ube; 60,1 
equal, 
duara, 60, 188 
Root-mean square (R.M.S.) value (of 
current or voltage), 2644 
Ropes, strength of (table), 2927 
Raschig rings, pressure drop in, 831 
Rose leaves, pulverization of, 1976 
Ross, conical buhrstone mill (table), 1910 
feeder, 2289 
pan mills, 1900 
pounder, 1902 
Rotameter, 858, 2045 
calibration of, 2046 
head loss in, 860 
theory of, 859 
Rotary blowers, 2486 
positive, 2260 
Rotary converters, 2709 
Rotary crushers, 1896 
Rotary-disk filters, 1664. 
Rotary-disk water meter, 800 
Rotary-drum filters, 1664. 
Rotary dryers, 1501 
comparison of capacity of (table), 1508 
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Rotary dryers (continued) 
enclosed single-shell, 1502 
operating costs of (fable), 1505 
performance of, 1504 
rotary kiln аз, 1502 

Rotary-paddle feeder, 2287 

Rotating nozzles, 1985, 1988 
applications of, 1993 

Rotating pan, mixer, 

1573, 1574. 

Rotating-whizzer separator, 1924 

Rotex sereen, 1718 

Roto-Louvre, capacity of, 1502 

Rotten stone, grinding of, 1972 

Roughness factors, Manning formula 

(table), 814 
pipe friction (table), 812 

Rounded entrance, 828. 

Rounded orifice, 857 

Rowland’s law, 2648 

Rubber, belting, in power transmission, 
conveyor belts, weights of, 2226 
electrodeposition of, 2776 
fabrie hose, 921 
fabrica, in filtration, 1659 
hard, grinding of, 1939 
heating of, 966 
hygroscopic relations of, 1090 
clined pipe, 020 
pipe, 920 
products, makers of, 2163 

properties of, 2162 
reclaimed, grinding of, 1912 
thetic, 1912, 2102 
Rules, significant figures, 143 
Ruthenium, physical properties of, 2149 


1546, 1547, 1559, 


Sucking sealo, Richardson, 2205 
$айшев, Berl, 1202 
pressure drop in, 831 
E., numbering system for stools, 2143 
teels, specification numbers for, 2010 
ety, 2878-2000 (тов also Pie prote- 
3 
iblipgraphy on, 2041 
building construction and, 2874, 2881 
data for engineers (table), 2024 
distances of (tuble), 2875, 2880 
equipment for, 2918 
eye protection for, 2018 
head protection for, 2018 
af high premure, 2171, 2190, 2102 
lighting construction and, 2864 
and loada for ropes and chains, 2027 
Overhead clearances and (table), 2876 
Tole of elevators in, 2882 
side clearances and (table), 2876 
St; Regis belt packer, 2303 
Salley acid, sublimátion of, in COs, 
isis íi 
Salt(s), cake, grinding of, 1917 — 
equivalent electrical ‘conductivity of 
(gable), 2741 
filtration of, 1088 
grainer, 1590 
{te mixtures, euteot 
production in U.&., 283 
Temoval of, from evaporators, 1056 
Salting in evaporators, 1060 
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Salting out, 1215 
effect, 681 
Samp, grinding of, 1910 
Sampling, 1740-1757 
air, 1757 
beaker, 1752 
boat, 1740. 
bottle, 1752 
саг, 1748 
cement, 1755. 
coal, 
coning and quartering, 1749-1751 
continuous liquid, 17. 
dipper, 1758. 
gases, 1750, 2380 
flue, 1757 
grab, 1748 
iron ore, 1755 
lacquer solvente, 1756 
mechanical, 1752 
metals and alloys, 1755 
mothods of, 1748 


Pipe, 1 
rules for, 1757 
shovel, 1752 
solids, 1755 
steel, 1755 
thief, 1753 
water, 1756 
Sand(s), cleaning of, 1940 
drying of (data), 1501 
gtinding of, 1896 
particle sixes of, 1623 
Sandmeyer's reaction, 509, 609 
Sandstone, grinding of, 1916 
Sanitary requirements in handling equlp- 
ment, 2212 
Sanitation, 2885' 
Sarsaparilia root, pulverisation of (table), 
ШЙ 
laturated vapors, heat capacity of, 634 
iaturated volume, definition of, 1088 
dust, drying of (data), 1501 
pulverization of (tables), 1910, 1014 
bolt, seconds, 700 
conversion То viscosi 
Universal viscometer 
Soalds, first aid for, 2932 
Scalo, deposits, formation of, 1057 
heal transfer coefficients through, 981 
of hardness, Moh's, 128 
optimum cycle for evaporators forming, 
1059 
removal of, 1057, 2779 
sacking, 2295 
(aee cleo Welnhing) 
automatic, feeder installations for, 2206 
latform, 01 
Гог pressure gages, 2040 
Schedules of budgets, 2872 
Schist, grinding of, 1805 
Schoenherr furnace, 2821 
Schuster, magnetic gage of, 208: 
Schutz-O'Neill Limited mill, 1924 
Scott evaporator, 1045 
Scraper conveyors, 2199, 2220 
drag-line, 2 
data on, 2281 


& 


SCREEN(S) 


`Всгевп(з), capacities of, 1702, 1714-1717 
dryer, continuous, 1511 
iency of, 1700 
grizzly, 1706 
Hum-mer, 1712 
industrial, 1706 
oscillating, 1711 
punched metal plates for, 1704 
diameters of (table), 1705 
reciprocating, 1714 
reels, 1710 
revolving, 1708 
Rotex, 1718 
Belectto, 1711 
shaking, 1711 
stationary, 1708 
stecl-wire, data on (table), 1703 
trommels, 1710 
ibrating, 1711 
woven wire, 1704 
Screening, 1009-1745 
definitions, 1699 


0 
апеу of, 1700 
ns, 1704 

le, 1700 


wet, 1699 
Screw, conveyors, 2200, 2234 
3 


‘accessories, coats of, 2: 
data on, 2332 
feeder, 2287 
flights, data on, 2233 
feeder, 2206 
packer, 9301 
-geared chai n hoista, d 
Sorubber, 155 
Calder- 
Seamless tubi 
Second law of thermodynnamies, 646 
ond order reaction, 687, 
wt constant pressure, 
at constant volume, 
Sector, spherical, 159 
annulus, area, 160 
Sedimentation, 1619-10; 
Allen cone, 1624 
Callow cone, 1624 
continuous countercurrent decantation, 
1643 
continuous thickening in, 1 
six phases of, 1020 
1 cake, pulverizing of, 1044 
Seoded erystallisation, 1768 
Ба pulverization of, 1902, 
926. 
Seger сопёв, 
Segmental orifices, 853 
Segment(s), calculations, 160 
of circles; 76 
areas, 83 
of spheres, 92 
Selectivity, of solvent(s) 
1214, 1226 
diagrams in extraction, 1226, 1227 
Selectro screen, 1711 
Self-oiling bearings, 2508 
Selsyn motors, 2026 
Semilogarithmio graph paper, 253 
Sensible heat contents, 726 
gaseous mixtures, 728 


1009, 1911, 


in extraction, 


SEYLER'S CLASSIFICATION OF COAL 


Sonsible heat contents (continued) 
liquid state, 729 
pure gaseous state, 726 
Senna leaves, pulverization of, 1926 
Separating bowl, principle of, 1811 
Separator(s), air, 
centrifugal, 180: 
cream, 1838 
hermetic, 1827 
liquid-liquid, 1816. 
Yiguid-liquid-solid, 1816, 1823 
liquid-solid, 1812 
used in filtration, 1095 
Separation, by centrifugal action, 1808- 
1840 


criteria of, in rectification, 1458 
of dusts and mists, 1850-1884 
centrifugal method for, 1857 

‘apparatus for, 1803 
electrostatic, 1740 
elutriation, 1728, 
filtration method fo 

apparatus Гог, 1 
gravitational method of, 1855 

apparatus for, 1855 
inertial method of, 1857 

apparatus for, 1803 
jigging, 1721 
settling chambers in, 1855 

of gas dispersoids, 1850 
liquid-liquid, 1816 
liquid-liquid-aolid, 1816, 1823 
Hiquid-solid, 1812 
1730 
1 (vet Mechanical separation) 


864. 


„9642 
magnetic 
convergent, 178 
divergent, 178 
functions expanded into (calculus), 220 
infinite, 178 
non-convergent, 178 
tests for, 178 
Settling, 1820 
areas, for ty 
chambers, 18% 
and decanting, 1829 
filtration, and centrifuging, 1275 
intermittent, 1623 
of pulps, 1635 
rates, of dusts, 1856 
rates for large particles, in centrifuga- 
tion, 1812 
tanks, intermittent, equipment for, 1623 
operation, 1623 
Sewage sludge, filtration of, 1087 
treatment with centrifuges, 1849 
Sewer pipe, olay, 012 
Sewing, bag. equipment, 2304, 2309- 
2315 
hand, textile bags, 2307 
heads, Hoepner, 2309 
Union Special, 2308 
machine, bags, 2307 
Seyler's classification of coal, 2328 


ical pulps, 1635. 


3015 


SHAFTING 


Shafting, calculation of, 2511 
cold-rolled steel, 2510 
flexible, 2511 
in power transmission, 2510-2 
satety and, 2896 

Shakers, for mechanical screens, 1718 

Shaking (see also Mixer; Mixing) 
feeder, 2288 
tables, 1724 

Shule, grinding of, 1910, 1915 

Shallcross pressure regu 

Shape of bubble-caps, 14: 

Shear, in mixing, 1530, 1533, 1535 

Sheet, balance, 2844 

Sheet materials, “can 

for, 1508 
Sheet metal and wire gages, 
table and equivalents, 110 
Shifting-tube belt packer 
Shock, treatment for, 2931 
Short-center methods of driving, 
Shriver filter, 1665 
Sieve(s), I. М.М. series (table), 1720 
scale, 1699 
testing of, 1718 
Tyler's soreen-seale, 1718 
mensions of (table), 1719 
U.S. series (table), 1720 
Sifters, 1713 

Silent ehain drives, 2520 
lubrication of, 2530. 

Silica, dust, particle size of, 1850 

Silver, elewtrolytic refining of, 2780 
plating, 2774 

Short tube, т 

standard, 856 
Shotting mol 
Shredders, 191 
Sidereal time, 12 
Siennas, erivding of, 1010, 1950, 1951 
Sieve place, towers, 1445 
i20; 


13 


2034 


” or cylinder dryers 


conversion 


and symbols, mathematical, 7 
ilica, fused, eq 
of, 2151 
grinding of, 1046 
physical prope 
production of, 
pipe, 921 
properties of, 2 
ware, properties of; 2097 
Bilica gel, as adsorbent, 1277, 
air conditioning by, 1432 
catalysis and, 1334 
COs purification by, 1331 
dehydration by, 13d 
id-phase adsorption by, 1333 
penne mier 
petroleum refining by, 1334 
use of, in drying gases, 1525 
icates, grinding of, 194 
‘ous materials, grinding of, 1949 
icon, alloys, properties of, 2007 
carbide, produetion of, 2812 
‘properties of, 2154 
iron alloys (aee Alloys, ferrous) 
manganese steels, S.A.E. numbers ar 
snalyses, 214; 


1328-1334 


menm 


зора 


Silicon (continued). 

roduetion of, 2814 
Silk, favorable hygroscopic conditions for, 
NC M 

iygroseopie 
Sillimanite те! 


ioisture of (graphs), 1080 

tory, properties of, 2154 

Silver, alloys, physical properties of, 2149 

carbonate, dissociation pressure of 
(table), 400 

2097, 


‚ 2140, 2148 


ple gas law cal 
Simpson's rule, Гог 
integration, 233 
for volumes, 104 
nultaneous equations, 183, 184 
Simultaneous reactions, kineties of, 6917. 
Sine wave, 2044 
Single-effect evaporators, 1048 
Ringle-shell oil gus methods, 2805 
k-and-float. process, 1743, 1744. 
king funds, 2844 
сео fan, 224 
hemp, hygroscopic 
(graphs), 1089 
control, in grinding, 1607 


ulations 


s 119 721, 722 


moisture of 


Size, 
of drops produced by spray nozzles, 


1990 

Sizing, microscopic, 1889 

Skid(s), fire protection and, 2902 

platforms, 2208, 2241 

Skip hoists, 2201 

Skraup synthesis, 604 

Slabs, solid, heating and cooling of, 90 

Slag, pulverization of, 1956 
table, 1028 

Slut conveyors 

data on, 2280 

Slate, cost of grinding, 1960 

granulation of, 1040 
Sleeve valve bags, 2307 
Slide rules, decimal point, 147 
deseription of, 146 
loglog duplex, 153 
operations, 147-152 
polyphase-duplex, 146, 158 
iprocals by, 140 
trigonometric functions, 151 
types of, 153 

Slide-wire rheos 

Slimes, particle sizes of, 1623 

Sling psychrometer, 2072 

Slot opening and pressure drop in bubbles- 
сара, 14 

Sly dust filter, 1806 

Smoot, pressure controller, 2034 

imoothing data, 238 
ler furnace, 

Soap(s), cru 

grinding of, 1977, 

metallic, 1078 

table, 1977, 1970 
hygroscopic relations of, 1001 
powders, grinding of (table), 1916, 1977 

Soapstone, pulverization of, 1040. 

Soda, caustic (tee also Sodium hydroxide) 
continuous countercurrent decanta- 
tion of, 1647 

filtration of, 1691 
pulp, black liquor, materials of con- 
ction for, 2108 


2198, 


its, 2685 


er, 1 


st 


SODIUM 


Sodium, acetate, densities of aqueous 
solutions of (fable), 424 
arsenate; densities of aqueous solutions 
of (lable), 424 
hromste, densities of aqueous solu- 
tions of (table), 424. 
bromide, densities of aqueous 
of (iable), 424 
carbonate, densities of aqueous solu- 
tions of (table), 425 
dissociation pressures of (table), 409 
granulation of (table), 1040 
materials of construction for, 2104 
chloride brines, densities of aqueous 
ions of (table), 425 
antent of (table 
с heat of (tabi 
materials of constru 


chromate, densities of aqueous solutions 
of (table), 425 

dichromate, densities of aqueous solu- 
tions of (table), 4: 

dihydrogen phosphate, dissociation prea- 
sures of (table), 409 

formate, densities of aqueous solutions 
of (table), 424 


hydrosulfite, materials of construction 
for, 2104 
hydroxide, densities of aqueous solu- 


tious of (table), 425 
бе heat of (tuble), 537 
hlorite, materials of construction 


‚2104 
of aqueous solutions 
of (table), 426 
инмюгї дїн of construi 
pulverization of, 1 
nitrite, densities of aqu 
(table), 426 
perborate, production of, 2768 
ate, densities of aqueous solutions 
of (table), 
sulfate, densities of aqueous solutions of 
(table), 426 
materials of construction for, 2104 
sulfide, densities of aqueous solu 
(table), 427 
materials of construction for, 2104 
fite, densities of aqueous solutions of 
(table), 427 
дале, densities of aqueous solu- 
tions of (table), 427 
materials of construction for, 2104 
Soft solders, 946 
Softening temperatures of conl, 
Solar evaporation, 1043 
Solar heat evaporators, 1043 
Solar time, 124 
Soldered fittings, 922 
Solders, brazing, 945 
silver, 945 
soft, 046 
(=), 2686. 
num pull for (table), 2687 
‚ 2024 
" cone nozzles, 1986 
cubical expansion coefficients of, 484 
dryers for (Nee Dryers for details) 
drying of, 1480-15: 


ion for, 2104 


1s solutions of 


ga 


SOLUTION( 
Solid(s) drying of (continued) 


sir cireulstion and recirculation iu, 

1491 
айг velocity and, 1482 
ease-hardening in, 1488 
classification of dryers, 1489 
constant rate period of, 1480 
effect of humidity in, 1482 
equilibrium in, 1514 
falling rate period of, 1480, 1484 
hygroscopic moisture in, 1514 
laboratory tests for, 1488. 
mechanisin of, 1480 
radiation from surroundings in, 1481 
urfsce checking in, 1488 
feeders for, 1650 
fugacity of, 655 
granular, flow through beds of, 829 
heat capacity of, 634, 730 
ignition temperatures of, 2308 
nd liquid mixing, 1506-1572 

llaneous, specific gravities of 

(table), 45: 
model charts, 256 
organic, specific heats of, 539-5 
packed, pressure drop for flow through, 


plastic (definition of), 788 
plastico-viseous (definition of), 788 


pumps for, 2202 

rate of solution of, in liquids, 701 

reaction of, with dissolved substances, 
701 

sampling of, 17: 

solubility of, in 

storage of, 2277 


iquida, 079 


surfaces of, 161-162 


Solo tube mill, data 
(table), 1904 


Solubility of gases, in non-aqueous 
liquids, 1131 


of inorganic compounds (table), 312- 
367, 450-472 

mutual, of liquide, 1220 

of organie compounds (table), 271-311, 


606. 
of solid in liquid, 1220 
in ternary systems; 1220 

Solution(s), 673-683. 
densi 

organi 
elevation of boiling point in, 680 
feeders for, 165 
of gases in liq 
heats of, 638, 18 
ideal, 
Jaten 


on of solvent 


heat of vaporiza 
from, 640, 641 

laws of, 675, 1358 

of liquids, 677 

temperature-comporition diagrams 

or, 67 

lowering of freesing point in, 680 

real, 658 

salting gut, effect in, 681 

specific heats of aqueous, 

use of heat of solution, 738 

water evaporated Гог change in con- 

entration of, 1034 


36-588 
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SOLVENT EXTRACTION 


Solvent extraction, 1213-1268 
Solvent vapors, recovery of, 1210 
Sorbitol, 2769 
Sorensen cell, 2791 
Sound, velocity of, 708 
Source and disposition of income, book- 
keeping, 2849 
Southwestern- Kraut 
1723 
Soxhlet, method of extraction, 
Soybeans, grinding of, 1944 
Space, lattices, 1758 
space-time-yield with, 703 
time, and yield, flow systems, 
variation, оону, 708 
velocity, 702 
Spacing of bubble-caps, 1452 
Sparking potential, minimum, 2661 
Sparling turbine meter, 2046 
Specific gravity(ies), of aqueous solu- 
tions of miscellaneous organic com- 


Hydromotor jig, 


1217 


pounds, 4: 
of coul(s), 455, 2320. 
of cokes, 2329 
control and measurement of, 2069 


Be. 1b./gnl., Ib./en. fi 

determination by imme 

of earths, 454 

of ethanol-water mixtures, 443 

of inorganic compounds, 312-367 

of masonry, 454. 

of metals and alloys, 453, 2108 
morals, 454 

vellaneous solids, 458 
of mixtures, 1532, 1637, 1567. 


„9 
ion, 777 


of organic compounds, 271-311 
of petroleum, 45% 
of stone, 455) 


of woods, 2829 ere 
Specific heat(s), of acetic acid (table), 
536 
of air (table), 526 
ratios of, at high pressures (table), 
540. 
of ammonia (table), 587 
ig 
of alin (table), 537 
of aqueous solutions (tables), 
of carbon disulfide, liquid, 544 


of coal, 232 

of conl tar, 2077 

of coke, 2326, 2333 

of commercial propanes, 2388 


butanes, 2383 
entanes, 2388. 
xanes, 2383 
of copper sulfate (table), 538 
of elementa (table), 515-524 
of ethyl alcohol (table), 588 
of gases (chart), 526 
ratios of, at 1 atm., 545 
of glycerol (table), 538 
ydrochloric acid (table), 536 
of inorganic compounds (table 
of liquefied gases (tables), 527, 544 
of liquid petroleum oils, 1351 
of liquids (chart), 528 
of metals (table), 515 
of methyl aleohol (table), 538. 
of miscellaneous materials (table), 543. 


3018 


SPBAY(S) 


Specio heat(s) (continued) 
of nitroge 
Кк ИО 
ratios of, in refrigerants, 2 
of organie liquids (tables), 529-536 
of organic solids (tables), 530-942 
of paraffin gases, 1351 
of petroleum vapors, 1351 
of potassium ehloride (table), 537. 
of potassium hydroxide (table), 637 
of propyl alcohol (table), 538 
of sodium chloride (table), 587, 
of sodium hydroxide (table), 587 
of sulfur dioxide, gaseous (table), 
liquid (table), 544 
of wash oil, 2378 
of water (table), 525 
of zinc sulfate (table), 587 
Specific volume, of air, 3486 
definition, 1516. 
of flue gas, 2480 
of water, 02-40°С, 431 
40°—100°С., 432 
of water vapor, 2486 
Specifications for fuel oils, 
uc measurement 


2614 


ameter, by fractions, 87 
hundredths, 00 
hollow, volume of, 163 
in liquida, resistance of, 1852 
segments, 92 
solid, heating and cooling of, 965 
surface, areas, 87 
volume, 87 
Spherical geometry, theorems of, 162-163 
Spherical particles, drag coefficients for, 
1853 
rate of fall in still air, 1856 
Spherical sector, 164, 100 
Spherical segment, 100) 
Spherical triangles, 198, 109 
эг 


реге al zone, 164, 10 


ding of, 1911, 1070 


1888 
Sprains, first aid for, 2031 
Spray(s), chambers for gas absorption, 
1196 
columns for extraction, 1259. 
dryers for liquids, 1496 
drying, granulation by, 1999 
nozzles for, 1090 
eliminator, zigzag type of, 1868 
1985-1996 


Боле, 1084-1000 
applications of, 1993 
materials of construction Гог, 1988 
painting, 1094. 
auxiliary equipment for, 1904 
ponds, 1108, 1115 
cooling curves for, 1116 
removal of, 1850 
removal of dusts and mists, 1866 


SPRAY(S) 


Зргау(з) (continued) 
towers, 1806 
ав mixers, 1543 
Ауре unit air conditioners, 1098 
Spraying difficulties and corrections, 1995 
Sprinkler systems, automatic, 2885 
‘operating temperatures of (table), 2880 
Sprout-Waldron Monarch, 1009 
rotary knife cutter, 1916. 
Spur-zear reduction units, 2514 
Square(s), cirole construction, 168. 
“edged orifices, expansion factor, 849 
measure, equivalents and table, 112 
metric system, table 113 
of numbers, 60 i: 
octagon construction in, 169 
root, 138, 149 
slide-rule, 149 
root(s), 00, 138 
approximate, 139 
by logarithms, 144 
by slide rule, 140 
sides of, with diameters of circles of 
equal areas, 87 
Stability (floating bodies), 776 
Stabilog, 2080. 
Stage(s), in extraction, definition of, 1215 
determination of number of, 1234, 1236, 
1241 
eflicioney of, 1257, 1258 
ideal, 1215, 1282 


Stainless alloys, properties of, 2110-2120, 
2135-2130 
Stainless steels, A,LS.T. types, numbers 


for, 2141 
analyses of, 2141, 2142 
numbering system for, 2143 
pipe, 878 
prices for, 2141, 2142: 
tubing, 878 

Stairs, safety and, 2890 

Stamp milla, 1901 

Standard vells, 2725 

Standard free energy change, 650 

Standard hests, of combustion and 

formation, units, 718 

of renetion, 787, 
conventions, 787 
{тот beate of combustion, 
from heats of formatio 

Standard ratios in balance-shee 

2850 
Standard short tube, 856 
Standard states, 650 
Standard time belts of U.S. 
Standard vertieal-tube evap 
Standardization of temperature, 
points for, 2054 

Standards, A.S.T.M., on со 
2881 

Stunnic chloride, densities of aqueous 
solutions of (table), 427 

Stannous chloride, densities of aqueous 
solutions of (table), 427 

Starch, pulveriaation of, 1937, 1945 

Suspensions, inverted plasticity of 
(chart), 1588 
Starting equipment, Гог 
mission equipment, 2521 
sano furnace, 2800 


2147 


1045 
fixed 


and coke, 


power-trans- 


Sty 


STOKEERS 


Statements, financial, snalyzing, 2846 
States, corresponding, theory of, 622 
standard, 650 
atic opening, 835 
Static pressure, 2267 

average, 835. 

local, definitions of, 834 

measurement of, 834 

in other than Straight passages, 83: 

Stationary cranes, 2205 
Steam, boilers, 2430 

boiler furnaces, heat transfer in, 1027 
Steam-driven, data on, 


aption of batch dist 
culation of, 1391 
distillation, applications, 1388 
batch, 1887 


ation, cal- 


engines, 2454 
indicator diagrams for, 2456 
extra, in evaporation, 1071 
Tollier diagrams for, 714 
open,” 1387 
all thermal resistances in surfaco 
condenser for (graph), 978 
pressure of, in power generation, 2432 
saturated, properties of (table), 2437 
stamp mills, 1001 
superheated, properties of (table), 2441 
temperature-entropy diagram for, 708 
temperature of, in evaporator operu- 
tion, 1051 
in power generation, 2435 
thermal properties of, 2496-2443 
-tube dryer, 1502 
turbine oil, and centrifuges, 1841 
turbines, 2458 
uum pumps driven by, data on, 
viscosity of (table), 7 
Stearates, pulverization of, 1978 
Stedman, disintegrator, 1010, 1017 
hammer mill, 1913. 
Steel(s), enameled, properties of, 2150 
glass-lined, properties of, 2150 
ipe, 8 
БАЈЕ. numbering system, 2143 
specification numbers for, 2510 
sampling of, 1755 
shafting, 2510, 
stainless (ser Stainless steel) 
strength of, safety and, 2024 


С 


Sticky materials, grinding of. 1913, 1917 
fil, effect of liquid water in, 1389 
mses, from lubricating oll stills, ana 

‘sis of, 2865 

illing box, 787. 

Stirrers (sve Mixing) 

Stirring (yee alao Mixing) 

ect of, on gas absorption, 1170 

Stirrup feeder, 2286 


Stobie furnace, 2805. 
Stoke (definition), 790 
48 


Tor coal, 
vs. pulverized coal, 2451 


3019 


STONE 


Stone, гуй of, in rotary dryers (table), 


1504, 
grinding of, 1806 
Scrapers for, 
specific gra: 

Stoneware, 2102 og 
properties of, 

of, 2152 

al properties of, 2152 

tower packing, pressure drop in, 833 

Storage, batteries, 2724, 2700 
bin construction, 

Pantages ed 
for dry materials, 
for free-flowing materials, 
for non-frce-Hlowing mater 


y and density of, 455 


193 


4 
Is, 2294 


cold, temperatures in (table), 
in containers, 
of gases, 2284 
for analys 
at high pressures, 
pile, indoor, 2280 
outdoor, 2277 
of materials, 227 + 
and movement of materials, 3: 
floor loadings for, 2288 
tanks for oils, 2353 
Stormer viscometer, 1588, 2074 
Stoves, blast-furnace, beat transfer in, 067 
Stramonium, pulverization of (table), 1926 
Straw, us fuel, 2341 
grinding of, 1945 
Streamline, 700 
filter, 168: 
flow, formulas, for open channels, 819 
for pipes running full, 819 
hoat transfer to liquids in, 978 


2620 


Stresses), in cylinders, from external 
pressures, 2173 
from internal pressures, 2760 


from temperature gı 
ip mixing, 1583, 
Stripping, 1107 
troboscope, 2086 
Strong Soott pulverizer, 1964 
Structural carbon, properties of, 2158 
makers of, 2159 
Structural graphite, ms 
properties of, 21. 
Strychnine seeds, 
Stürtevan 
rock-emi 
тойгу erushei 
Styluses, recorder, 2018. 
Subhituminous coals, 
Б обрез of. 
Sublimation, 1471—1478 
applicability, 1471 
of benzoic acid, 1478 
of camphor, curves, 
condensation in, 1475 
definition of, 1471 
design calculations, 1473. 
entrainer, plant for, 1477 
fractionation and, 1475 
heat of, 637, 1475 
plunts, Selden, 1476 
of pyrogallol, 1476, 1477 


dients, 2172 


qu ition of, 1011 
1928. 


classification of, 


2327 


71 
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SUPERHEATERS 


Sublimation (continued) 
of salicvlie acid, flow sheet for, 1476, 
1478 
imple, and entrainer sublimation, 1472 
plant for, 1476 
solid-vapor equilibrium, 1477 
vapor-compoeition calculations (table), 
1474 
Submerged spiral-type clansifier, 1596 
ubtraction, 
algebraic, 17: 
uchar, process flow sheet of, 1300 
1crose solutions, viscosity of (table), 797 
agar, decolorization of, 1296-1298 
drying of, 15) 


pulverization of (tables), 1915, 1916, 
1917, 1926 

refineries in U.S. (chart), 2888 

refining, 


solutions, viscosity. of (table), 797 
Sulfates, grinding of, 1051 
Sulfite pulp, flocking of, 1916 
liquor, evaporation of, 1040. 
materials of construction Гог, 2104 
Sulfonat nls of construction 
Sulfur, chloride, materials of construgtion 
for, 2105 
compounds in gaseous f 
dioxide, absorption i 
1207 
aqueous solution of, 308 
coeficient. for nberption in 
solution, 1188 
for gas absorption in water, 1175, 
1177, 1187, 1191 


ola, 23 
plate towers, 


alkali 


liquid, врвеййе heat of (table), 544 

materials for handling, 2106 

partial pressures of, over aqueous 
solutions (table), 308 


partial pressures of HO and RO: over 
(table), 390 

radintion of heat from, 1018 

refrigeration by, tests (table), 2619 

saturated ‘vapor of, properties of 
(table), 2364 

solubility’ in water, 1120 


specific heat of (table), 523 
superheated vapor of, properties o 
(table), 2506 


grinding of, 1931, 1937, 1038. 
impurities in gaseous f 
Sulfuric acid, densities 
solution of, 428 
distribution of plants in U.S., eh 
2837 
materials of construction for, 2100- 
partial pressure of SO; over (table), 400 
partial pressures of its aqueous solutions 
over (table), 401 
vapor pressure for (table), 308-401 
Sulfurous acid, materials of construction. 


аг, 2101 
Sulfury chloride, materiale of con- 
struction for, 2105 


Summary of thermodynamia equations, 
670 

Sunstroke, first aid for, 2981. 

Superhest, effect of, in pure vapor, on 
heat transfer, 990 

Superheaters, 2435 


SUPERIOR-McCULLY CRUSHER 


Superior-McCully erosher, 1890 
Supersaturation and crystallization, 1 
Supplementary angles, 154, 189 
Supplies in cost accounting, 2862 
Supply disturbance. 2013 
Surface(s), areas of spheres, diameters, by 
fractions, 87 
by hundredths, 90 
equivalents and convers 
checking in drying, 1488 
condensers, 2480 
condenser, effect of, on heat rans 
1073 
for stean, over-all tharmal resistances 
in (graph), 978 
equivalents, 106 
of solids, 161 
tension, of common liquids (table), 778 
апа drop sise, 1991 
Tot vos equation for, 778 
as factor in mixing, 1540. 
-volume relations, in centrifuges, 1819 
Zwater temperatures, 2547 
Surroundings; radiation from, in drying, 
1481 
Surveys, labor, 2839 
Taw niaterials, 28: 
Suspensions, 1529, 
definition of, 1623 
fow of, 820 
particle sizes of, 1 
Sutherland's constant, 702 
formula (viscosity), 792 
Sutton flotation mach 
Swootland, filter, 1969 
thickener, 1640 
Swellgrip bag holder, 2406 
Bwenkon- Walker orystulli 
Swindell furnace, 2804 
Swing-hammer mills, ns fiberhzers, 1952 
Swinging plate feeder, 2288 
1 y; dinphragm; for process control, 


ion table, 106 


Switch 


Symbols, Algebraic, 173 
mathemntical, 7 
proofreaders', 128 
Symons, cone crusher (table), 1896 
disk crusher (table), 18 
ynehronous condensers, 2713 
iynehronous convertors, 2709, 
hronous motors, 2712 
еһговсоре, 2656 
iynodie month, 12 
synthetic resina, 2190, 2162 
Syntron, batch-weighing machine, 2050 
tric feeder, 2051 
2316 
for barrels, 2816. 
Systems, of dehumidifieation, 1096 
various, of weights and measures, of 
ifferent countries, 114 


m 


‘Tabling 
‘Tabulations, of thermodynamic dats, 670 
‘Tachometer, 2085, 2086 

band, 2085 

indivating, 2085 


TELSMITH 


Tachometers (continued) 
pneumatic, 2086 
ag Celectray, 2060 


‘ag-mono Duplex recorder, 2077 

Tagliabue manometer, 2041 

Tagliaferri furnace, 2807 

Talo, dust, particle size of, 1850 
grinding characteristics of, 1910, 1949 

"Tanbark, ав fuel, 2341 

inding of, 1914 


ating value of, 2341 
ngent(s), to circle, 158, 167 
‘equation of, 207 
to two cireles; 168 


„ concrete for oben 


Tank 
‘of copperas, 1780. 

Tankage, pulverization of (table), 1914 

т ion, horizontal method 


fire protection and, 2015 
horizontal cylindrical, 19, 120, 122 
intermittent settling, 1628 
pipes and cylindrical, 118 
presettling, centrifugal, 1828 
rectangular, 117 
storage, for oils, 2353 
vertical eylindrical, 123 
wood, makers of, 2100 

‘Tantalum, properties of, 2097, 2129, 2140 

Tapioca, grinding of (table), 1945 

Taps, corner, 801 
flange, 852 
pipe, 852 


ntraeta, 852 
stios of, 2375 


lc зіяе of, 1850 
oils, эн fuel, 2358 
thermal conductivity of, 2377 
Tartarie acid, grinding of, 1916 
Taxes in cost accounting, 2881 
Taylor, for 
volumetric pressure gage, 2030 
Tearers, 1913 
Technical calculations, 715 
Technical journals, abbreviations, 5 
Telemetering methods of remote indi- 
cation, 2025 
impulse-and-ratohet, 2 
induction balance, 2026 
Bristol type, 2020. 
induction bridge, 2026 
pneumatic syatem, 2026 
Theostat-ammeter, 2025 
clayn system, 2026. 
step-by-step, 2025 
Wheatstone bridge, 2025 
‘Tellurium lead, physical properties of, 
2129, 2140 
‘Telphers, 2206 
Telsmith, breaker, 1891 
cone ernsher (table), 1896 
у crusher, 1891 


È 


TELSMITH 


Telsmith (continued) 
jaw crusher, 1895 
Temperature(s), absolute, 617, 716 
bearing, 2509 
goetlicient of heat of reaction, 636 
3n cold storage (table), 2620 
constant, producing and maintaining of 
(table), 479 
control of, in pressure vessels, 2187 
conversion, 2052 


n of, in 
rators, 1049 
drop in evaporators, 1033 
and drying time, for various materials, 
1521 
effect of, on distribution of solute be- 
tween liquid phases, 682 
on equilibrium constant, 746 
chart, 749 
in filtration, 1656. 
on gas absorption, 1170 
on mutual solubility of liquids, 677 
‘on reaction velocity, 690. 
‘on solubility of gases in liquids, 677 
on solubility of solids in li 
9n ternary phase equilibr 
‘ou thermal conductivity of metals and 
alloys (table), 949. 
оп vapor pressure, 623 _ 
variation of, оп specific 
nitrogen, 527 
affective lines, in air conditioning, 1088 
energy diagram, 700, 707 
entropy diagram, 706 
for ammonia, 709, 711 
for carbon dioxide, 708, 711 
Tor ethylene, 712. 
for bydrogen, 710 
for isobutane, 708 
for methane, 718 
for steam, 708 
for water. 707, 714 
equivalents, 108 
factor in mixing, 1540 
freezing mixtures (table), 2627 
sion, of refractories (table), 479. 
'ersion, 714 
measurement and control of, 
regulators of, 2056 
resistance of high-ehrome steels, 2147 
seales, 716, 727 
of atonm, evaporator operation and, 
1051 
in power generation, 243. 
surface-water, in U. 
thermodynamie scale of, 2 
true, of gas, caleulation. 
-vapor-pressure curve 
wet-bulb, definition of, 
Tension, hoop, 776 
interfacial, 777 
surface, 777 
Terme used in bookkeeping, 2842 
balance sheet, 2847 
‘Ternary systems and extraction. (table), 
1230 


'ultiple-effect evapo- 


heat of 


2052 


"Terrestrial gravity, 12 
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THERMODYNAMIC EQUATIONS 


Territory, consumer, 2839 ! 
virgin consumer, 5838. 
Tests, laboratory drying, 1488 
Tetragonal system, 1759 
Textile bags, hand sewing of, 2307-2315 
Textile fibers, hygroscopic moisture of 
(graphs), 1089 
Theisen disintegrator gas washer, 1868 
Theorems, binomial, 176 
plane geometry, 154 
solid geometry, 158 
spherical geometry, 102 
Therm, definition of, 104 ' 
Thermal conductivity(ies), of alloys, 
948-05t 


of building materials, 051 
conversion factors for, 108, 048. 
data, 2078 


of gases and vapora, 059 
of insulating materials, 051-054 
of liquids, 958 
of motala, 040 
of metals and alloys, 2108 
method of determining humidity, 1087 
of oil films, 2377 
of petroleum oils (table), 958 
of refrigerating brines (table), 2617. 
for refrigeration insulation (table), 954 
of rubber, 953, 966 
of solutions, 2617 | 
of tar, 2377. 
of vapors (table: 
of wood, 954, 906 
Thermal diffusivit 
Thermal expansion, 
(table), 481-486 
cubical, of liquids, 485 
of solida, 454 
of gases (table), 486 
linear, of elementa, 481 
of metals, 870 
of miscellaneous materials, 483 
metals and alloys, 2108 
Thermal instrumenta, 2654 
Thermal metering, 867 
Thermal of steam, 2436, 2437- 


coefficients of 


ndiation, 1002 
lifters, 2064 


characteristics of, 2006, 2676 
as rectifiers, 2684 
‘Thermochemistry, 028 
Thermocompressors, 1071 
"Thermocouple(s), 2062 

base-metal, 2063" 

calibrating, 2064 

checking, 3064 

comparison of, 

composition of, 2062 

leads Гог, 2064: 

mounting for, 2063 

noble, 2063 

temperature, emf, relations of, 2062 

temperature limita of, 2062 
Thermodynamic equations, summary of, 


‘THERMODYNAMIC FUNCTIONS 


Thermodynamie funetions, graphical rep- 
resentation, 704 
‘Thermodynamic properties of gases from 
statistical calculations, 668. 
‘Thermodynamic temperature scale, 2052 
‘Thermodynamics, 628-671 
first law ОГ, 629 
functions of, graphical treatment of, 704 
second law of, 646 
third law of, 667 
‘Thermoelectric pyrometers, 2062 
‘Thermoelectricity, 2651, 2653 
‘Thomas, calorimeter, 2075 
meter, 2046 
‘Thermofor kiln, 1290 
‘Thermometers, bimetallic, 2053 
dial, 2056 
electrical, 2057 
gus-pressure, 2056 
glass, 2058. 
index, 2056 
industrial, 2053 
liquid expansion, 2055 
liquid-filled, 2055 
physical, 2053 
pressure-spring, 2055 
resistance, 2057 
standardization, fixed points for, 2054 
types of, 2053-3 
vapor-pressur 
‘Thermostatic control, 
‘Thermostats, 1108, 27 
‘Thickeners, Dorr, single-compartment, 
1625 
torque, 1627 
tradition, 1029 
tray, 1628 
ashing tray; 1048 
filter, 163; 
types of, 1037 
Genter filter, 1638 
Hardinge uuto-raise, 1832 
mechanical continuous, 1625 
non-mechanical continuous, 1024 
Oliver-Borden filter, 1640 
selection of, 1636 
kingle-compartment, 1625 
Sweetland, 1040 
‘Thickening, capacity, 1622 
continuous, mechanics of clarification, 
1619 
in sedimentation, 1619 
costs of, 1636 
mechunios of, 1622 
equipment for, 1623 
‘Thickness, measurement of, 2086 
‘Third law of thermodynamics, 667 


th fluids for, 479 


Thixotropy, 1533-1534, 1536, 1538 
definition of, 788 
‘Phree-component systems, 1379 


‘Phree-phase systems, electric, 2647 
‘Throttling, 709 
‘Thwing pyrometer, 2068 
Thyle density-control valve, 2071 
‘Thyratron tubes, 2087, 2682 
Tie lines in ternary-phase equilibrium, 
1222 
Bachman plot of data for. 1229 
interpolation of data for, 1227 
‘Tiemann, lumber dryer of, 1509 


TRANSCENDENTAL FUNCTIONS 


"Timber, specific gravities and densities of 
НИ 
jmbo root, grinding of, 1975 
Time, charts 204 — 
control, 2027 
cycle controllers, 2027 
Cycle operators, 2027 
pneumatic timers, 2027 
process, control of, 2087 
B 2027 


measurement of, 2087 
standard time belts of U.S., 124, 125 
Timers, 2027 
pneumatic, 2027 
Tin, electrolytic refining of, 2785 
pipe, 905 
ing of, 2774 M 
rap, grinding of, 1912 
ichenko reaction, 597, 609 


Titanium dioxide, pigments, grinding of, 
1974 
pgulverination of, 1974 
ассо, drying of, 1512 
favorable hygroscopic 
1091, 1092 
smoke, part 


conditions for, 


le size of, 1850 
ng of, 1914. 
пе mixed with, equilibrium. 
vapor-liquid compositions of, 1877 
"Tooth paste, reduced on Premier colloid 
mill (table), 1919 
Popping unit, for petroleum distillation, 
1460. 
‘Torus, volume ог, 164 
Total head tube, 830 
Tourills, absorption of HCl in, 1190 
"Towers, atmospheric, 1108 
bubble-cap plate, design of, 1448 
bubble-plate, reboil heat used in, cal- 
culation, 1403, 1457 
rectification in, 1402 
reflux supply to, 1456 
chimney, 1112, 1118 
cooling, 1108 
fan, 1114 
forced-draft, 1114 
mixer, 1543, 1566 
natural-draft, 1112, 1113 
packed, pressure drop in, 829, 833- 
packing, 1197-1207 
characteristics of, 1447 


spray, 
for air conditioning, 1866 
temperatures in, estimation of, 1460 
velocity in vapor lines of, 1451 
withdrawing liquid from plates, 1460 
Townsend.cell, 2794 
‘Tractors, 2207, 2209, 2242 
data and cost of, 2243 
industrial electric, data for (table), 2243 
Tragacanth gum, grinding of (table), 1926. 
Trailers, 2207, 2242 | 
‘Transcendental functions, calculus, 220 
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TRANSFER LAG 


‘Transfer lag, 2013, 2015 

‘Transformer(s), 2703 
auto, 2704 
conatant-current, 
cost of, 2705 
instrument, 2705 
oil, reduction of acidi 

yated alumina, 1 

‘Transition, heat of, 637 
points, of hydrates, 480 

‘Translation velocities, and crystallization, 


705 


of, with acti- 


ion of power, 2494 
Transparent attritus, 2332 
Transportation, lake, 2840 
ocean, 2840 
as plant location factor, 2835 
river, 2840. 
Trapezoid, 157 
cidal rule for areas, 


2524 


ixer, 1546, 1507 
1 e, for mean velocity, 839 
‘Tray conveyors, 2228 
Tray dryer, Gordo 
elevators, 2202 
vacuum, 1518. 
crushers, 1890, 1891 
l, 1908 
rolls, 1889 
‘Trend, method, balance-sheet 
2849 
‘Trial balances, 2844 
‘Triangle(s), congruent, 156 
ustruction in circle, 167, 168 
equilateral, 155 
oblique, solution of, 196 
plane, 156 
solution of (trigonometry), 194-198 
polar, 16 
Tight, 155 
similar, 156. 
spherical, 163 
ngular diagrams, in extraction, 1220~ 
1226, 1231, 1234, 1236, 1230 
Тумат. graph paper, 254 
шагу industries, 2832 
‘Trichloromonofluoromethano, saturated 
vapor of, properties of (table), 2586 
superheated vapor of, ‘properties of 
table), 258; 
system, 1759 
Triethanolamine solutions, solubility of 
CO: in, 1133 
‘Prigonal system, 1759, 
Trigonometric functions, 189 
approximations of, 194 
by curves, 212 
hyperboli¢, 202 
and logarithms, 38 
by slide rule, 151 
Trigonometrio series, algebra, 177 
Trigonometrio tables, 191 
Trigonometry, 189-204 
plane, 189 
Spherical, 198 
rilinear graph paper, 254 
‘Tripoli, granulation of, 1949 
‘Triturator, Day, 1908 


analysis, 


TUEBINE(S) 


‘Trolley(s), chain, data for (table), 2: 
Steel plate, dats for (table), 2257 
systems, 2205 

Trommels, 1708-1711 
clearance dimensions of (table), 1709 

‘Tropical year, 124 

‘Trouton’s rule, 038, 735 

‘Troy units, conversion into metric syate 

(table), 2737 

Troy weights anc 

Truck(a), classification of, 
electri d cost of, 22 

industrial, data for (table), 2241, 
operating charges for (table), 
hand, data and cost of, 2241 
hand-operated, 220; 
data for (table 
tt, 2241 


29 


measures (table); 118 


‚2241 


power-operated, 2208 

types of, 2207 

Truck-dryer costs, 1511 
Trumpet-shaped entrance, 828 


Tube(s), banks, heat transfer to fluids 
flowing across, 981, 084. 
pressure drop across, 820 
fow in, 803 


nt chart, 805 
ischarge, 2682 


thermioni 
ал rectifiers, 2084 

"Thyratron, 2087 

Tubing, 869 (ser also Pipe) 

minum, 895 

bimetallie, 00б 

denser, 896 

copper and copper alloys, 896 

copper water, 896 

glass, 913 
bursting testa of, 2179. 


heat exchanger, 896 
laminated pheuolio, 919 
Lucite, 916 
nickel and nickel alloy, 905 
non-metallic, 9 
seamless, dimensions (table), 807 
steel, S77 
tin, 005, 
Tubular air preheaters, 2447 


‘Tumbling barrel, 155 
Tungar tube, 2684 
Tungsten, physical properties of, 2140. 
steels, S.A.E. numbers and analyses, 
2147 
Tunnel dryer, 1508 


1572, 1574. 


of (table), 2461 
governing of, 2462 
impulse type of, 2470 


oil specifications for (table), 


462 


TURBINE(S) 


Turbine(s), steam (continued) 
output of, with multistage feed-water 
heating (table), 2474 
reaction type of, 2470 
steam consumption of, 2459 
types of, 2458 
water, 2460 
impulse type of, 2470 
reaction type of, 2470 
water wheels їп, 2470 
‘Turho-vompressors, 2487 
centrifugal, 2270 
‘Durbo-disperser, 1505, 156: 
Turbo-dryer, vertical, 1911 
Turbo-gas absorber, 1555, 1565, 1506 
Тшһо-пихег, 1555 
Turbulence, 800 
nixer, 1542, 1563 
‘Turbulent motion, in centrifugation, 1812 
Twaddell, degrees, ‘Bé, Ib./gal., Ib./ou ft, 
эр. gr, 93 
‘twill fabrics, in filtration, 1059 
‘Pwin-roll drum dryer, 1408 
Tying wire, of bags, 2807 
‘Tyler, Niagara, sereen, 1712 
S-heads, 1197 
Standard sereen-seale sieve, 1718 
dimensions of, 1719 
‘Ty-Rock screen, 1712 


Venise СО» nnalyzer, 2077 
шат reaction, 609 

Vite in coal, 2331 

Ultimate analyais of coal, 2 

Ultramarine, grinding of (table 


2330 
. 1916 


Umbers, grinding of (table), 1910, 1950, 
1951 

Unatlow engine, 245 

Underent-gate feeder, 2286 

Underwood, charts for graphical extrac- 
tion caleulations, 1245-1: 

Unidan mill, 1903 

Yni-Kom mill, 1903 

Unimolecular reaetiona, at constant 
"volume, 685 

gases, nt constant pressure, 686 


Union Special bag-closing mach and 
sewing heads, 2308 
Unit nir conditioners, 1098-1104 


Unit coste of production in U.S. cities, 
39 


Unit pulverizers for coal, eost vs. capacity 
2387 
United tates, cities, cost of production in, 


2830 
colloid mill, 1919 


fiquid volume equivalents, 102 
production, of alkali, 28 

of coaltar products, 2838 
Of coke, 2858 

of fertilizer, 2887 


of iron ore, 2837 
of salt, 2837 
of sugar, 2838 
of sulfnric acid, 2837 
sleve series, 17 
standard time belts, 125 
Weather Bureau, weather data, 126 
Units, conversion of, 7 
electric and magnetic. 


2641 
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Units (continued) 
of energy, 629 
heat, types of, 717 
latent heat, 718 
selection of, in stoichiometry; 716 
standard, of formation and combustion, 
718 
Univariant system, 673, 675 
Universal crusher, 1894 
Unsteady-stute heating and cooling, 896 
U-tube, 780 
closed, 781 
differential, 781 
inclined, 783 
inverted differential, 781 
two-fuid, 784 


V-belt drive, 2516 
V-bucket carriers, data on, 2231 
Vacuum, control, 2027 

rison with liquid-cooled, 1798 
allizer, 1786 


intermittent, 1664, 107: 

vane separation, 19: 

optimum, їп evaporation, 1052 

pump, displacement of, 1076 
in filtration, 1694, 1696 

tray dryer, 15) 

use of, in evaporation, 1052 

ley filter, 1670, 1071 

935 

t, 2019 

bag packers, 2801, 280: 

balanced, 2022 


characteristics of control, 2023 
diaphragm. 


electrolytic, 2751 

globe, 202: 

high-pressure, 2176-2179 
check valve, 2178 


Tor high temperatures, 2177 
magnetic control, 2179, 
Mathieson Alkali, 2178 
plate, 2184. 
materials for, 936, 24 
motor, 2024 
throttlin 


feter, 2320 
Van der Woal's equation, 618, 755 
Van Stone joints, 922 
Vane anemometer, 838 
Vane meter, 868 
Vanilla beans, pulverization of, 1911 
Yanners, 1 x У 
'apor(s), condensation of, in presence of 
P monn condenssble gas, 090 
constants for (table), 2378 
densities, of coal-tar fractions, 2376, 
heats of combustion of (table), 2381 
mmability of (tables), 2398, 2309, 
01 
liquids and, equilibrium relations of, 
1359 


VAPOR(S) 


Vapors) (continued) 
mixture of calculation of dewpoint, 
1394, 1398 
movement of, 2265 
pressure of, 368-406 
of aqua ammonia (table), 2544 
of aqueous solutions of commercial 
acids (tables), 394—403 
acetic acid (table), 408 
ammonia (table), 404—407 
hydrobromie acid (table), 403 
hydriodie acid (table), 40: 
hydrochloric acid (table), 394-395 
nitric acid (table), 401-40 
phosphorie acid (table), 397 
sulfuric acid (table), 398-401 
sulfurous acid (table), 396 
definition of, 1341 
effect of external pressure on, 
estimation of, 625 
of ether, from sulfurie neid solutions 
1132 
of HLS, 


Trom diethanolamine solu- 
11: 


high, of inorganic compounds (table), 
374-376 
of. organie 
384-380 
of ice (table), 3 
of liquid mixtures, 679 
of liquids, 623 
effect of temperature on, 
graphs, 1342 
low, of inorganic compounds (table), 
308-373 
of organio compounds (table), 377- 


рощ 


23 


lower aliphatic hydrocarbons (chart), 
1844 
plots of use of, 1344 
saturated, heat capacity of, 634 
of solids, 624 
temperature curves, 252 
pure, condensation of, 988. 
offect of superheat in, 990 
saturated, heat capacity of, 634 
specific heats of, petroleum, 1351 
thermal conductivity of (table), 050 
velocities, in packed towers, 1448 
in plate towers, 1448 
in vapor lines, 145 
of water, liquid (table), 390-80 
Vaporization, continuous equilibrium, 
1303-1899 
calculations of, 1304-1399 
of petroleum fractions, 1887 
efficiency in steam distillation, 1301 
estimation of heats of, 638 
flash, 1894. 
heat of, 637 
Jatent heats of, 1352 
of coal-tar fractions, 2376 
of elements and inorganic compounds, 
406-509 
of organic compounds, 509-514 
of sulfurie acids, 398 
fuming, 400 
methode of, 1381 
molar entropies of, 1346 


VISCOSITY(IES) 


Vaporization (continued) 
of solvent from solution, 640 
successive flush, 1394. 
Variable-speed mechanisms, 2515 
Variation, of entropy with pressure, vol- 
ume, and temperature, 649 
with pressure and temiper- 


of heat of reaction with temperature, 
36 
Varnish colors, grinding of, 1978, 1080 
Varteressian (and Fenske), methods of 
calculating solvent extraction, 1 
1234, 1 
Vector герге 
Vegetable oils, 
and centrifuges, 1840 
tables, pulverizing of, 1017, 1942, 
1946 
Velocity, acoustic, 708 
of air, in drying, 1482 
of approach, 844 
critical (fluids), 800. 
-distance lags, 2013 
distribution of, for circular cross-section 
„streamline flow, 818 
equivalents and conversion table, 101 
of light 
r (айа), 798 
, Rd 
finition), 798. 
measurement of, 2085 
of reaction (аве Reaction) 
traverse for mean, 830 
па contracta, 843 
location of, 2038 
taps for, 852 
Ventilating, and air conditioning, summer 
and winter londs for, 1107 
safety measures in construction of, 2884 
Venturi, meter, 842, 855 
working formulas, 847. 
tube, 843, 2044 
, coefficients of discharge, 855 
jh, weight regulator, 2086 
quinox, 124 
Vertical-beater mill, 1917 
Vertical cylindrical tanks, volumes, 123 
Vessels, for high pressures, renetion, 
closures for, 2181 
Vibrating conveyors, 
Vibrating feeder, 22 
Vibrators, for packaging equipment, 2316 
6 


Vibro, 2317 
Vibrox, barrel agitator, 2317 


Yictaulic coupling, 922 
n fabrie, in filtration, 1659 
consumer territory, 2838. 
Viseomoter(s), Engler, formula for, 700 
Redwood, formula, 790 
Saybolt, formula, 700 
types of, 2074. 
Viscose rayon, hygrosgopic moisture of 
(graphs), 1089 
Viscosimeter (ace alao Viseometer) 
Stormer, 1585, 1536, 1538, 1589 
Viscosity(ies), absolute, 788. 
apparent, 1636 
Bradley-Osbourne controller for, 2075. 
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VISCOSITYGES) 


‘Viscosity (ies) (continued) 
of coke-oven tars, 2374 
conversion of units for, 789 
conversion chart, 1534 
definition of units, 789 
definitions of, 788, 1533 
dimensions of, 789 
and drop size, 1901 
of gases (alignment chart), 790-791 
effect of pressure, 702 
effect of temperature, 792 
Sutherland’s formula, 792 
index to data in “ International Critical 
"Tables," 789 
kinematio, 790 
of liquids (alignment chart), 794-796. 
application of Dühring rule, 796 
effect of pressure, 798 
generalised function of temperature, 
796 
measurement and 
of mixtures, 
1563, 
of oils, 234: 
of refrigerating solutions (table), 2616 
relative, 789 
specific, 789 
of steam (table), 703 
of sucrose solutions (table), 797 
of various materials, 
of water, Bingham's formula, 797 
table, 797. 
Viscous flow (see alao Stres 
heat transfer to 
Viscous mixtures, 1503 
Viscous resistance, in conte 
Vitrain, 2332 
Vitreosil absorption equipment, 1197 
Volatility, 1380 


elative, 1380 
Volt, box, 2658 

definition of, 
Volta 


eres, apparent power, 2642 
definition of, 2642 
‚ reactive, 2642 
Voltage, measurement of, 2082 
requirement of electrical pr 
1874 


cipitator, 


Voltmeter(s), ammeter connections, 
types of, 1713 

Voi-U-Meter, 2320 

Volume(s), additive, 620 
calculations involving for gases, 719, 755 
critical, 620, 622 


version tables, 102 


measure, table, 112 
English system, 112 
metric system, 118 
molal, 615 
of gases at 0°C aud Latin., 487 
partial, 620 
and pressure, 704 
-pressure diagram, 704 
-Dressure-temperature diagram, 704 
saturated, definition of, 1083 
of solids, 161, 162 
determination bı 
specific, of nir, 2486 
definition of, 1516 
of fue gas, 3486 


immersion, 777 


below 0°C., 435 
of water vapor, 2486 
of spheres, diameter by fractions, 87. 
by hundredths, 00 


0, 
к cylindrical, 118 
rectangular, 117 
vertical cylindrical, 128 

and temperature, 704 

of ideal gas, with temperature, 


valve, 2320 
Volumetric meters, 2036 

2036 

036 

Vorce cell, 2795 

Vulounized “fiber, properties "of (table), 


Wagner turbidimeter, use in cement 
alysis, 1960 
Wall-effect factor, 830, 
Wallace and Tiernan feeder, 2201 
Wanner optical pyrometer, 2068 
Wash oil, specific heat of, 2373 
Wash water, feeders for, 1651 
Washer(s), gas, 1867 
mechanical, 1866 
Washing, 1508-1601 (see also Extraction) 
calculations, 1600 
classifiers used in, 1598 
equipment used for, 1598 
of granular material, 1598 
Waste heat, boilers, 2445 
performance of, 2466 
recovery, 2468 
Watchman service, safety and fire protec- 
tion and, 2022 
Water, condenser circulating p 
cooling, for Diesel engines, 2467 
ity of, 438 
tjectors, steam-operated (table), 2204 
vaporation of quantity (table), 1034 
flm pipe electrical precipitator, 1874 
flowing inside tubes, heat ‘transfer 
coefficients for, 977 
gas-air mixtures, limits of inflamma- 
bility, 2401 
analyses of (table), 2308 
tarhureted, 2300, 2306, 2300 
oil cracking in, 2392 
fractionation analysis, 2366 
manufacture of, 2389 
reversed air-blast process for, 2392 
heat capacity of 
heat of fusion, 2625 
liquid, vapor pressure of, below 0°C, 
(fable), 390 
above 096. (table), 301 
measure (table), 118 
mol percentage of, over NHa (table), 497 
Mollier diagram for, 714 


р, 2484 


3027 


WATER 


Water (continued) 
partial pressures of, over aqueous solu- 
tions of NH; (table), 405 
over aqueous solutions of S 
306 
ав plant location factor, 2835 
purification of, by adsorption, 1306 
flow sheet, 1310 
rheostats, 2685 _ 
sampling of, 17: 
эрер feat of (table), 528 
specific volume of (table), 431-435 
supplies, for fire protection, 2877 
temperature-entropy diagram for, 707, 
708. 
turbines, 2469 _ 


table), 


vapor of, air mixed with, properties of, 
1082 
coefficient for absorption in sulfuric 
acid, 1176 
contents of compressed gases, 302, 
398. 


dissociation of, 2407, 2408 
emissivity of, 1017 
in gas 720. 
heat capacities of, 2407, 2412 
pressures of, over aqueous solutions of 
ammonia, 405 

charts, 392, 393, 397 

over hydrobromie acids, 403 

over nitric acids, 401 


acids, 401 
radiation of heat from, 1017 
specifie volume of, 2486 

viscosity of, Bingbam'a formula, 797 
table, 707 
wheels, types of, 2470. 
impulse wheel, 2470 
reaction turbine, 2470 
Watson method, for estimation of erit 
constanta, 620 
of latent heats of vapori 
TBA 

Watt (eleotrie unit), definition of, 

Wattage, mensurerent of, 2 

Watthour, definition of, 2641 

Wattmete 1084, 2656. 
connections of, 2655. 

у Wave-ring" pressure jo 

Waxes, grinding of, 1976 

linear expansion of, 483 

Weather, conditions, for U.S. and foreign 

countries (table), 1100-1111 
data, 126 

Weathering, natural, of gasoline, 1384 

Weber, on plant location, 2832 

хуейа га rule, 286 

Weighing, automatic scales, 229 
2304, 2305 

automatic into valve bags, 2 
Control of, 2040 
controllers, 2049 
equipment, auger packers, 2208 
automatic scales, 2206 
belt pucker, 23 
for hand weighing, 2209 
valve bag pickers, 2301 
band, into bags, 221 
into slack barrels, 


313-9317 


2028: 


WILFLEY 


Weighing (continued) 
liquids, 2318-23: 
meters, 2035 

Cochrane, 2036 


» gontrol of, 2049 
Bê, "Tw, sp. gr. lb./zal., 


es per unit length, 106 
ures, of different countries, 114 
English system, 112 
metric system, 113 
table, 118 
Weightometer, of Merrick, 2050 
Weir(s), 861 
broad crested, 861 
Cipolletti trapezoidal, 863 
curved sharp-edged, 864. 
and downspouts in distillation columns, 


evaporator, hent-transfer coefficients in, 
1038 
formulas, 861 
for gases, 864 
Francis formula, 862 
head measurement, 861 
inward flow, 864 


submerged, 
suppressed, 862 
trapezoidal, SO 


ох 
rge of, 2045 
ен of, 2173 
'elinek evaporator, 1045 
Westphal balance, 2089. 
“Wot” baffle chambers, 1807 
Wet-bulb method, of determining humid- 
ity, 1086 
Wet-buib te 
1083, 1516 
Wet condenser, 1073 
Wet gas meter, 8 
Wet materi 
Wetted. wall 
1171 
Wetting, as factor in mixing, 1540. 
heats of, 641 
Weymouth formula, 812 
Wheat, grinding of, 1010, 1942 
Wheatatone’s bridge princi 
Wheel conveyors, 2198, 22: 
Wheeler cell 
Whippers, 1 
Whirlwind pulveriser, 1917 
White lead, 2769 
drying of, 1512 
grinding of, 1017. 
Whiting, classification of, 1616 
grinding of, 1616 
hammer mill, 1964. 
paste, drying of, 1481 
Whizzer nir separation, 1920 
applied to Raymond hummer pulver- 
izer, 1921 
Wien’s law, 1003 
Wiley, tables of, 1726 


erature, definition of, 


, 2036 
grinding of, 1913 
olumns, gas absorption in, 


"WILLIAMS 


Williams, hammer mills, 1912 
hay cutter, 1945 
impact mill, 1925 
Williams and Hazen formula, 806 
Williamson reaction, 609 
Wilson-Maeulen, thermocouple system of, 
‚ 2065 
Window, cylindrical, Гог high pressures, 
2180 


quarts, for high pressures, 
‘Wire, electric, data on (table), 3 
Sine of, 268 
tying, of bags, 2307 
Wire and sheet-metal gages, 110 
Wiring, electrical, 2088 
voltage drop in, 2688 
Witch of Agnesi, 214 
Wood(s), absorption of chemicals in 
(table), 2164 


distillation g 
flour, produ 
for fuel, data on (table). 
heating of, 966 

fe of, in filter press 
of, 483 


-lined pip 

physical effects of chemi 
2164 

pipe, 921 

properties of, 2098 

pulp, grinding of, 

resistance to chei 

shredding of, 

specific gà 
28: 

„ makers of, 2166 
nduetivity of, 

rable hygroscopic 


4 


and centrifuges, 1840 


Words, abbreviations of, 


ZSIGMONDY'S CLASSIFICATION 


Work, calculation of, in fluid dow, 800 

in grinding, 1889 

and heat and energy, equivalents and 

conversion table, 104 
maximum, 650 
"useful, 650 

Worm reduction gear units, 2513 
Woulfe bottles, 1197 
Wounds, first aid for, 2032 
Writing, report, 2 
Wrought-iron pipe, 
Wrought-steel pipe, 87 
Wulii- Hock crystallizer, 1781. 
Wurtz reaction, 501, 593 


Y-connected, three-phase system, 2647 
Yaryan evaporator, construction of, 1043, 
1045 
heat-transfer coefficient in, 1089 
Years, kinds of, 124 


Zine, bromide, densities of aqueous solu- 
tions of (table), 435 
chloride, densities of aqueous solutions 
ог (table), 436 
terials of construction for, 2105 
dust, particle size of, 1850 
trolytio (table), 
Slectrowinning, 2780 
nitrate, densities of aqueous solu 
of (table), 4 
oxide fume, 
plating, 27 


stearate, grinding of (table), 1978 
sulfate, densities of aqueous solutions of, 
(table), 430. 


pecific hent of (table), 537 

Zone of unsaturated surface drying, 1484 

Zone, spherical, 100 

Zeigmondy's ciusification of solid par- 
ticles, 1628. 


INTERNATIONAL Атомто \Увтантв, 1941 


Mercury, ....... 


80 


Zirconium., . 


91.22 


Substance Sym.| We | Substance Su| fe | ae 
| 

Aluminum., лї | 26.07 | 13 | Molybdenum.. Mo | 95.95 | 42 
8b (121.76 | 51 | Neodymium, j| ма [nacer | во 

А | 30,044 | 18 1 Ne | 20.183 | 10 

As | 74.91 | 33 Ц Ni | 58.69. | os 

Ba (137.36 | 56 м | 14.008 | 7 

Beryllium. Be | 9,02 | 4 | Osmium... | ов [190.2 |o 
Bismuth. | Bi [200.00 | 83 | Oxygen.............| О | 16.0000] в 
Boron... 10:82 | 5 | Palladium. 2] ра jioo.7 | 
Bromine 79.916 | 35 | Phosphorus “|p [30.98 | 15 
Cadmium, 112.41 | 48 |Platinum............| Pt [195.23 | 78 
Calcium.. 20 | Potassium.........-.| K | 39.090 | 19 
Carbon, в | Praseodymium.......| Pr [140.92 | 50 
Cerium, 58 | Protaetinium. | Pa feat 91 
Cesium. 55 | Radium.. | Ra [226.05 | вв 
Chlorine 17 | Radon..............| Rn [222 86 
Chromium. ....- Or 24 | Rhenium, 1 Re [aer | 75 
Cobalt... со 27 | Rhodium. 1 Rh [102.91 |45 
Columbium..........| Cb 41 | Rubidium...........| Rb | 85.48 | 97 
Сорраг.. (ЦИИ Ou 29 | Ruthenium..........| Ru |101.7 | 44 
Dysprosium. Dy [162.46 | 66 | Samarium.......-...| Sm [150.44 | 62 
ЕгЫшт..............] Er [107.2 | 68 | Scandium. | ве [4510 | 21 
Europium. i| Eu |i52.0 | 63 |Selenium............| Be | 78.06 | за 
Fluorine № [19:0 | о | Siicon, Ја [28.00 | ла 
Gadolinium..........| Gd [156.0 | 64 | Ак [107.880 | ат 
Gallium. L| da | вола | a1 fs Na | 22.007 | 11 
Germanium..,.......| бе | 72.00 | 32 | зе [gres | ав 
Au [72 | 79 ] в [32.06 | 16 

не 178.6 | 72 | Tantalum | та [180.88 | 73 

He | 4.003 | 2 | Tellurium ] те [mz |52 

Но [164.94 | 67 | Terbium. | ть 65 

н | 1.0080] 1 | Thallium. ті [204.30 | st 

In [14.76 | 49 | Thorium, | ть [232.19 | 90 

I [126.02 | 53 | Thulium. |та рва | во 

авиа, ие I [198.1 | 77 | Tin...... En [118.70 | 50 
їп... L| Fe | 55.85 | 26 | Titanium. тї |4790 | 22 
Krypton.. к: |83.7 | 36 | Tungsten.....- w [183.02 | та 
Lanthanum... Та [188.02 |5z|Uranium............| U [23807 |92 
Lead.. Е Pb [207.21 | s2|Vanadium...........| У | 50.95 | 23 
Lithium,............| Là | 6.040 | з | Xenon. i] хе [ars | 54 
Lutecium....... Le |m4.99 |7i|Ytterbium...........| УБ [173.04 | 70 
Magnesium... Mg | 24.32 | 12 | Yttrium,..... у | 8.92 | a9 
Manganese ма 25 Zine................| Za | 65,88 | 30 
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